
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Long-term outcomes of children treated for HIV-infection

Cohen, S.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Cohen, S. (2015). Long-term outcomes of children treated for HIV-infection. [Thesis, fully
internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/longterm-outcomes-of-children-treated-for-hivinfection(2a2dd10a-72a8-41b1-9b94-d7a6ae1a896c).html


Long-term 
outcomes 
of children 
treated for
hiv-infection
 
 
Sophie Cohen

lo
n

g-term
 o

u
tco

m
es o

f ch
ild

ren
 treated

 fo
r h

iv-in
fectio

n
           so

ph
ie co

h
en

267_ Omslag_SC.indd   1 09-09-15   17:31



 
Het drukken van dit proefschrift is mede mogelijk gemaakt door  

Gilead Sciences en Janssen Pharmaceutical Companies.

267_ Omslag_SC.indd   2 09-09-15   17:31



long-term outcomes of children treated for hiv-infection

1



p r o m o t i e c o m m i s s i e

Promotores Prof. dr. T.W. Kuijpers   
   Universiteit van Amsterdam
   Prof. dr. P. Reiss    
   Universiteit van Amsterdam

Copromotor Dr. D. Pajkrt    
   Universiteit van Amsterdam

Overige leden Prof. dr. M. Boele van Hensbroek 
   Universiteit van Amsterdam 
   Dr. M.J. Bunders    
   Universiteit van Amsterdam 
   Prof. dr. A.M. van Furth   
   Vrije Universiteit Amsterdam
   Prof. dr. C.B.L.M. Majoie  
   Universiteit van Amsterdam
   Prof. dr. M.L. Newell   
   University of Southampton 
   Prof. dr. P. Portegies   
   Universiteit van Amsterdam
 
Faculteit der Geneeskunde



 
 
 

l o n g - t e r m  o u t c o m e s  
o f  c h i l d r e n  t r e a t e d  

f o r  h i v - i n f e c t i o n

 
 
 academisch proefschrift
 

ter verkrijging van de graad van doctor
aan de Universiteit van Amsterdam
op gezag van de Rector Magnificus

prof. dr. D.C. van den Boom
ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Agnietenkapel
op vrijdag 16 oktober 2015, te 14:00 uur

door Sophie Cohen
geboren te Lambeth, Verenigd Koninkrijk



Dedicated to my parents



1. General Introduction and Thesis Outline
7 
 

part i. epidemiology    
2. Long-term response to antiretroviral therapy in hiv-infected  

children in the Netherlands registered from 1996-2012 
31    
 

3. Country of birth does not influence long-term clinical, virological and 
immunological outcome of hiv-infected children living in the Netherlands 

47 
 

part ii. complications   
4. Poorer cognitive performance in perinatally hiv-infected children  

as compared to healthy socioeconomically matched controls  
63 

   
5. Cerebral injury in perinatally hiv-infected children  

compared to matched healthy controls  
81 
 

6. Retinal structure and function in perinatally  
hiv-infected and cart-treated children  

99 
 

7. Health-related quality of life in perinatally  
hiv-infected children in the Netherlands  

117  
 

8. Long-term changes of subcutaneous fat mass  
in hiv-infected children on antiretroviral therapy 

137 
 

part iii. discussion and summaries   
9. General Discussion and Future Perspectives 157  

10. Summary 173 
Nederlandse samenvatting 177 

 
appendices  

Curriculum Vitae 183 
List of Publications 185 
List of Co-authors 189 

PhD Portfolio 191





chapter 1

general introduction  
and thesis outline



long-term outcomes of children treated for hiv-infection

rare cancer seen in 41 homosexuals

This was the headline of the article by Lawrence K. Altman in the New York 
Times in 1981 that reported an outbreak of an aggressive form of a rare cancer 
known as Kaposi’s Sarcoma in previously healthy young men.1 An article in the 
Lancet associated this type of cancer with recreational drug use and higher 
rates of sexually transmitted diseases.2 Soon thereafter, emergency rooms in 
California and New York were overflowing with young men suffering from 
opportunistic infections otherwise only occurring in severely immunocom-
promised patients.3 In the following months, these opportunistic infections 
also emerged in injecting drug users (idu) and patients suffering from hemo-
philia, leading to the first reports suggesting involvement of an infectious 
agent transmitted sexually or through contaminated blood.4-6 Children receiv-
ing blood transfusions were the first described pediatric cases, but by the end 
of 1982 the Centers for Disease Control (cdc) also reported cases of babies 
without a history of blood transfusions, but with mothers suffering from the 
mysterious illness.7,8

In 1982, when 452 cases and 177 deaths had been reported to the cdc, the 
condition got named. After initial suggestions of stigmatizing terms such as 
gay compromise syndrome or gay-related immune deficiency, the choice fell 
upon ‘acquired immune deficiency syndrome’, or aids. In 1983, two research 
groups from France and the usa independently published their findings on 
a newly isolated retrovirus causing aids in the same issue of Science.9,10 In 
2008 the French team, represented by Luc Montagnier and Françoise Barré-
Sinoussi, were awarded the Nobel Prize for Medicine for their discovery of 
what had in the meantime been named the human immunodeficiency virus 
or hiv.

Figure 1. Children (<15 years) estimated to be living with hiv in 2014(total: 3.2 million [2.9-3.5 million]) 
Sources: www.who.int/hiv/data/, www.unicef.org/aids/statisticschildren (<15 years) estimated to be living with hiv

Total: 3.2 million[2.9 million - 3.5 million]
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general introduction and thesis outline | chapter 1

the challenge of hiv

In the past three decades, hiv has become one of the greatest global public 
health challenges in human history. Today a total of 35 million people are 
infected worldwide, including an estimated 3.2 million children. Sub-Saharan 
Africa is the worst affected region by far, harboring 70% of the global hiv-in-
fected population, and over 90% of the children with hiv (Figure 1).11 On top of 
the medical consequences, the societal and economic impact of the disease is 
particularly large because it mostly affects young and economically productive 
people.

Most children become hiv-infected through mother-to-child-transmis-
sion (mtct) of the virus. The majority of mtct is thought to occur at the time 
of delivery or during breastfeeding, and approximately 25-30% in utero.11,12 
Without treatment, the initial clinical presentation of hiv disease in a child 
infected through mtct is usually a combination of persistent lymphadenop-
athy, failure to thrive, spleno- and hepatomegaly, often together with chronic 
diarrhea and recurrent ear-nose-and-throat (ent) infections.13 The immune 
system of young infants is immature, and behaves differently on encountering 
hiv than that of adults. Their initial hiv viral load is higher and declines only 
slowly in the first two years of life.14 More than 80% will show a rapid reduction 
of their cd4+ T-lymphocyte count by 6 months of age, leaving the child sus-
ceptible to opportunistic infections. Contrary to adults, hiv-infected children 
can also present with opportunistic infections when their cd4+ T-lymphocyte 
count is still within the normal range. By the age of one year, approximately 
25% will have suffered from one or more aids-defining conditions and 20% 
will have died of hiv-related disease. After the first year of life, hiv disease 
in children generally progresses more gradually.15 Nonetheless, half of the 
untreated hiv-infected population will have died by the age of 2.16,17

the first drugs work

In 1984 a library of antiviral and anticancer molecules at the Burroughs-
Wellcome Research Laboratories was tested for activity against hiv. These 
compounds were synthesized as the result of the Nobel Prize winning chem-
ical work by Gertrude Elion and George Hitchings, and the company had 
already been active in the fairly new area of antivirals with the discovery of 
acyclovir. Up to the mid 1980’s the general consensus was that antiviral treat-
ment was unrealizable, but this idea radically changed by the initial success 
of acyclovir against herpes simplex virus (hsv) meningoencephalitis.18 Out of 
the Burroughs-Wellcome compound library, zidovudine (azt) demonstrated 
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strong activity against hiv and was rapidly launched into clinical trials. As it 
turned out, azt could extend the lives of hiv-infected patients in a relatively 
safe way.19 In 1987, the food and drug administration (fda) approved azt as 
the first antiretroviral (arv) agent for adults, and subsequently for infants and 
children in 1990. However, rapidly emerging viral resistance spoiled the initial 
optimism as it inevitably occurred in every treated patient. Until 1995, azt and 
the four other meanwhile approved arv drugs all belonged to a single class of 
antiretroviral agents, the nucleoside reverse transcriptase inhibitors (nrtis). 
Although combining two of these nrtis resulted in greater clinical benefit 
compared to using azt monotherapy20,21, dual nrti combinations were still 
found to not be able to contain hiv-replication in the long-term.22

combination treatment clinched it

The increasing knowledge of the biology of the virus led to several essential 
advances. In 1985, tests detecting antibodies against hiv were realized and 
implemented to diagnose hiv-infection, including the Enzyme-Linked 
Immuno-Sorbent Assay (elisa) and the Western Blot technique. In 1988, a 
novel technique called Polymerase Chain Reaction (pcr), invented in the early 
1980’s by Nobel Prize winning biochemist Kary Mullis, was shown to enable 
direct detection of hiv in peripheral blood mononuclear cells (pbmcs) of 
hiv-infected patients.23 This was revolutionary, because it enabled physicians 
to observe and follow-up on the effectiveness of their patient’s antiretroviral 
treatment. In 1996 the us Food and Drug Administration (fda) approved this 
pcr test for the monitoring of hiv viral load in patients.

Simultaneously to the development of diagnostic tests, new active sub-
stances targeting hiv replication at various stages of its life cycle were 
developed: the non-nucleoside reverse transcriptase inhibitors (nnrtis) and 
the protease inhibitors (pis). Monotherapy with arv drugs from these classes 
had a direct effect on hiv-infected cells, but as with the use of single nrtis, 
selection and outgrowth of arv-resistant mutated hiv was also inescapable 
when particularly nnrtis and to a lesser degree pis were used as single agents. 
However, when each of these new drug classes were combined with two nrtis, 
clinical trials for the first time demonstrated long-term sustained suppression 
of plasma viremia 24,25, and observational cohort studies subsequently showed 
a remarkable decrease in the incidence of aids and death.26,27 As a result, triple 
drug combination antiretroviral therapy (cart) emerged as the new standard 
of care for the treatment of hiv, and remains so until the present time.

Subsequently to the nnrtis and the pis, additional classes of arv’s were 
developed, including fusion (or entry) inhibitors, blocking specific targets 
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on the host cell to prevent fusion and entry of hiv, and integrase inhibitors, 
blocking the enzyme that enables integration of viral dna into the dna of the 
host. Currently, over 25 arv drugs from five major classes have been licensed 
by the fda and the European Medicines Agency (ema), and are available for 
clinical use (Figure 2).

Figure 2. Antiretroviral drugs and where they act in the viral life cycle

Reprinted with permission from the illustrator dr. Thomas Splettstößer (www.scistyle.com) 

arv licensing for pediatric use

Not all of these arv compounds have been demonstrated to be safe and effec-
tive in children, and consequently have not been fda- or ema-approved for 
pediatric use. arvs which have been licensed for use in children generally only 
received regulatory approval many years later than for use in adults (up to 15 
years according to the fda approval letter dates), and as a consequence over the 
years numerous arvs have been prescribed ‘off-label’ by pediatricians (Table 
1). Dosing regimens obtained from adults are often extrapolated to adjust 
the child’s dosing to body weight or body surface area. However, it is widely 
accepted that children are not simply small adults, and this trial-and-error 
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approach can potentially be dangerous for children.28,29 This is best illustrated 
by the pi indinavir, which has never been approved for use in children while it 
was often part of pediatric cart regimens in the late nineties. Because of the 
high susceptibility of hiv-infected children to its nephrotoxic effects, the use 
of indinavir has now become obsolete.30 Indeed, due to changing pharmacoki-
netics while children grow and develop, in clinical practice continuous dosing 
adjustments are required to achieve therapeutic but non-toxic drug levels in 
hiv-infected children.31

There are several reasons to explain the lack of approved pediatric 
arv-compounds. First and for all, pharmaceutical companies traditionally 
have tended to view children as a minor financial market, and therefore have 
initiated significantly fewer studies in pediatric populations. Also, well-con-
trolled pediatric clinical trials are far more expensive and difficult to carry out, 
both on an ethical and a logistical level. Nonetheless, since 2007 pharmaceu-
tical companies are required to submit a ‘Pediatric Investigation Plan (pip)’ 
with every authorization application to the fda or ema, and numerous other 
initiatives have enabled an increasing number of well-controlled studies inves-
tigating the safety and efficacy of drugs in children, which has certainly had a 
clear beneficial impact on the formal approval of various arv compounds for 
children.32

guidelines for prevention and treatment  
of hiv in children

The World Health Organization (who) frequently publishes recommenda-
tions for the treatment of hiv, with special attention towards children and 
pregnant women.33 Prevention of mtct, encompassing cart for the mother 
and 6 weeks postnatal prophylaxis for the infant, has been shown to be very 
effective, reducing the chance of mtct from 25-40% to less than 2% world-
wide.34 The who recommendations for the treatment of hiv in children have 
changed over time, especially regarding when to start treatment, and what 
type of cart to initiate in very young versus older children. The most recent 
recommendations indicate that all children below the age of 5 are to be start-
ed on cart, consisting of 2 nrtis and 1 pi when younger than 3 years, or a 
regimen of 2 nrtis and 1 nnrti when older than 3 years. In the Netherlands, 
policy follows the Pediatric European Network for the Treatment of aids 
guidelines (www.penta-id.org/hiv), which differs from the who recommen-
dations in that it mandates treatment for all children under 1 year of age, and 
recommends starting cart according to various immunological, clinical and 
virological thresholds from that age onwards.

12



general introduction and thesis outline | chapter 1

Table 1. Available antiretroviral therapy and fda approval dates  

Antiretroviral Compound Company fda approval date Approved 
from the 

age of

Years until 
pediatric 
approvalAdults Children

nrtis   

 Zidovudine Glaxo Smith Kline 1987 1990 >6 weeks 3

 Didanosine Bristol-Meyers-Squibb 1991 2001 >3 months 10

 Stavudine Bristol-Meyers-Squibb 1994 2001 >3 months 7

 Lamivudine ViiV healthcare 1995 2000 >3 months 5

 Abacavir ViiV healthcare 1998 1998 >3 months 0

 Tenofovir Gilead Sciences 2001 2011 >2 years 10

 Emtricitabine Gilead Sciences 2003 2006 >birth 3

nnrtis   

 Nevirapine Boehringer Ingelheim 1996 2001 >15 days 5

 Efavirenz Merck 1998 2013 >3 years 15

 Delavirdine ViiV healthcare 1999 - -  -

 Etravirine Janssen-Cilag 2008 2012 >6 years  4

 Rilpivirine Janssen-Cilag 2011 - -  -

Protease Inhibitors  

 Indinavir Merck 1996 - - - 

 Ritonavir Abbvie 1996 2005 >1 month 9

 Nelfinavir ViiV healthcare 1997 2003 >2 years 6

 Saquinavir Roche 1997 - - -

 Lopinavir/Ritonavir Abbvie 2000 2008 >2 weeks 8

 Fosamprenavir ViiV healthcare 2003 2012 >6 months 9

 Atazanavir Bristol-Meyers-Squibb 2003 2008 >6 years 5

 Tipranavir Boehringer Ingelheim 2005 2008 >2 years 3

 Darunavir Janssen-Cilag 2006 2008 >3 years 2

Integrase inhibitors  

 Raltegravir Merck 2007 2011 >4 weeks 4

 Dolutegravir ViiV Healthcare 2013 2013 >12 years 0

 Elvitegravir Gilead 2014 - - - 

Entry/Fusion-inhibitors  

 Enfuvirtide Roche 2003 2003 >6 years 0

 Maraviroc ViiV healthcare 2007 - - - 

 
fda: Food and Drug Administration. nrtis: Nucleos(t)ide reverse transcriptase inhibitors. nnrtis: Non-

Nucleoside reverse transcriptase inhibitors. pis: Protease inhibitors. Sources: www.fda.gov / http://hivinsite.
ucsf.edu/InSite?page=ar-drugs / http://aidsinfo.nih.gov/guidelines/html/2/pediatric-arv-guidelines/
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from a universally fatal to a chronic  
manageable disease

The once universally deadly disease that aids was throughout the 1980’s  
and 1990’s has now turned into a well manageable and chronic condition, 
wherever cart has become widely available, including in high burden low- 
and middle income countries where programs such as the 2004 President’s 
Emergency Plan For aids Relief (pepfar) have greatly increased cart-cover-
age (Figure 3).35 

Figure 3. The global rollout of cart. Actual and projected numbers of people receiving antiretroviral therapy 
in low- and middle income countries by who region and in high-income countries across who regions 
2003-2015. Source: (adapted from) Global aids Response Progress Report (who/unicef/unaids) 
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immune activation induced by the infection, as well as by the presence of 
traditional risk factors for these conditions.36 The effects of low-grade (hiv-re-
lated) immune activation and cart exposure are difficult to disentangle, for 
hiv-infected children as well as adults are inevitably exposed to both at the 
same time. Nonetheless, because perinatally hiv-infected children who have 
acquired the virus very early in development are likely exposed to cart and 
residual effects of hiv for many decades, it is particularly important for these 
complications to be identified, prevented and treated where possible.

Figure 4. Potential complications in hiv-infected children treated with combination antiretroviral therapy

neurological, cognitive and visual complications

The most important pre-cart neurological complication in children was static 
or progressive hiv-encephalopathy, a condition characterized by bilateral 
motor deficits, microcephaly, and loss of- or failure to attain developmental 
milestones.37 Cerebral opportunistic infections with organisms such as 
Toxoplasma gondii and cytomegalovirus (cmv) also occurred in hiv-infected 
children, but were less prevalent compared to in the adult hiv-infected 
population.38 Central nervous system (cns) involvement of hiv was one of the 
main causes of morbidity and mortality in hiv-infected children before the 
introduction of cart.39

Despite the fact that cart caused a decrease in the prevalence of hiv-en-
cephalopathy and cerebral opportunistic infections, one of the concerns in 
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hiv-infected children with suppressed viremia remains their neurological 
and cognitive development. In recent years, more subtle abnormalities such as 
neurodevelopmental delay, a lower intelligence quotient (iq) and poorer visu-
al-motor functioning have been reported by studies from both industrialized 
and developing countries.40,41 Of note, in the existing studies heterogeneous 
patient groups were included, with diverse modes of hiv acquisition, and 
important differences in use, duration and effectiveness of cart.42 As high 
hiv viral loads and poor immune status have been associated with a worse 
cognitive performance in hiv-infected children, knowledge regarding neuro-
developmental functioning in clinically stable children in the era of effective 
cart is still lacking.43,44 Possibly, the neurodevelopmental problems sug-
gested in the past may have been positively influenced by the introduction of 
widespread use of cart in children. In fact, most existing cognitive studies 
compared hiv-infected children to national standards instead of healthy 
matched controls, and were likely to overestimate the effects of hiv, given that 
hiv-infected children are generally immigrants of lower socioeconomic status 
(ses) compared with the native population. 

Effective cart has not only changed the neurological consequences of hiv, 
the spectrum of hiv-related ocular disease has also been transformed since the 
introduction of cart. Before, up to 20% of hiv-infected children had retinal 
involvement, including ischemic hiv-retinopathy, isolated retinal cotton-wool 
spots, and cmv retinitis, the latter being the major cause of aids-related loss 
of visual acuity.45 In adults, subtle functional and structural retinal abnormali-
ties persisted despite cart, such as loss of color vision and contrast sensitivity, 
visual field deficits and thinning of the retinal nerve fiber layer (rnfl).46,47 
So far, only one small pediatric study has reported a thinner rnfl and foveal 
thickening in hiv-infected children, and it remains unclear whether subtle 
ophthalmological abnormalities are also present in cart-treated, hiv-infect-
ed children without a history of hiv-associated ocular involvement.48 As visual 
function is important to preserve and protect in the pediatric hiv-infected 
population, more studies are needed to address this question.

pathophysiology of hiv-related neurological damage

Once a child becomes infected with hiv, the virus crosses the blood-brain-bar-
rier (bbb) within 3 weeks after infection.49 In perinatally infected children, this 
occurs in the first weeks of life, known to be an essential period for brain devel-
opment.50 The most favored hiv-neuroinvasion theory is the ‘Trojan Horse’ 
mechanism, comprising the migration of hiv-infected immune cells such as 
monocytes and macrophages across the bbb.51 Once hiv has entered the cns, 
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several cell types can become infected: perivascular macrophages, microglia 
cells, astrocytes and oligodendrocytes, with macrophages and microglia cells 
being most susceptible to hiv.52 hiv-infected macrophages and microg-
lia cells are thought to produce viral proteins such as Tat (transcriptional 
transactivator) and Vpr (viral protein R), host inflammatory mediators such 
as chemokines like mcp-1 (monocyte chemotactic protein-1), and cytokines 
including tnf-alpha (tumor necrosis factor-alpha) and il-1b (interleukin-1b). 
These factors have all been shown to possess neurotoxic effects, and in addi-
tion can lead to disintegration of the bbb, thereby further facilitating entry 
of hiv-infected cells and cell-free hiv.52 Neurons are the effectors of cogni-
tive and motor function and the previously described neurotoxic effects are a 
likely cause of synaptodendritic injury, neuronal death and subsequent loss of 
function.53 So far, direct hiv-infection has only been seen in neural progenitor 
cells and developing neurons, and not in fully mature neuronal cells.54,55 This 
is particularly relevant to perinatally hiv-infected children, as their brain is 
invaded by hiv when still developing.56 Also, neurotoxic effects of chemokines 
and cytokines may hamper proper synapse formation, which again may be 
more harmful for the developing nervous system of infants compared with the 
fully developed cns of hiv-infected adults.57

As illustrated by the reduced prevalence of hiv-encephalopathy in chil-
dren, cart may have the capacity to -at least partially- halt the neurotoxic 
process, but as described above, cognitive deficits continue to be observed 
in cart-treated hiv-infected children. A combination of factors has been 
proposed as the potential mechanism behind persistent cognitive deficits in 
hiv-infected children who are adequately treated with cart.58 First, neuronal 
damage inflicted before cart initiation may be irreversible. This is suggested 
by studies showing a poorer cognitive performance in children with previous 
cns-related aids, compared with hiv-infected children with no such diag-
nosis in their medical history.40,59 Secondly, low-grade viral replication in 
residual hiv-compartments and subsequent immune activation may be an 
ongoing process, even during effective cart.60 This process could be enhanced 
by ‘viral escape’, a situation where hiv is suppressed systemically, but can con-
tinue to replicate in the cns due to insufficient penetration of cart into this 
compartment.61 

Letendre and colleagues have quantified the penetration of cart in the 
cns using a ranking system called the cerebral penetration effectiveness (cpe) 
score. The cpe score ranges from 1 (poor cpe) to 4 (high cpe), and is based on 
chemical properties of the drug (i.e. molecular weight), consistently measur-
able cerebrospinal fluid (csf) concentrations, and the efficacy in reducing csf 
hiv viral load.62 A cart regimen is supposed to have a sufficient cpe-score to 
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be able to effectively suppress hiv in the brain, but this might be counterbal-
anced by the fact that arv drugs themselves have been proposed to possess 
neurotoxic properties. For example, the nnrti efavirenz, which is a first-line 
treatment option for children older than 3 years, is strongly associated with rel-
atively mild neurological side effects including dizziness, hallucinations and 
bizarre dreams, but also – although very rarely – with severe psychiatric symp-
toms such as depression or even suicidal ideation.63,64 Neuronal damage from 
cart was further investigated in a recent study evaluating the direct effects of 
15 arv compounds on neurons using rat forebrains. In this study, no arv drug 
was highly neurotoxic, but neuronal dysfunction due to dendritic beading and 
dendritic tree simplification was a common observation. The highest levels of 
neurotoxicity were associated with nrtis, but to a lesser extent certain nnrtis 
and pis also showed neurotoxic side effects in rat brains.65

Of note, a well-known arv drug-related mechanism of general cell dam-
age is through mitochondrial toxicity, including the ability of a number of 
arvs to inhibit mitochondrial dna replication.66 However, this mechanism is 
potentially more relevant for cells other than neurons, such as liver and heart, 
in view of the slow turnover of neuronal mitochondrial dna.67 Nonetheless, 
when compared to the neurotoxic effects of hiv and related immune activa-
tion, cart effects are assumed to be relatively minor.64 Hence, it is clear that 
treatment is always the better option to protect the cns of hiv-infected chil-
dren, but neurotoxic effects of many arv compounds remain unclear and 
should be further investigated.

Gaining insight in the persistent cognitive deficits of hiv-infected chil-
dren who are clinically stable on cart is essential, as subtle impairments may 
progress to more pronounced complications, that will influence their future 
intellectual performance, job opportunities and community participation.

psychosocial impact of hiv on children

hiv, like any other chronic illness, is likely to have a great impact on the affect-
ed child. Besides the physical complications of the disease, the psychosocial 
stress factors faced by hiv-infected children are manifold and include illness 
and death of family members, fear regarding their own illness, the confron-
tation with an uncertain future, discrimination and social stigmatization.68 
Stigmatization has been a problem from the beginning of the aids epidemic, 
and despite increasing efforts to educate people around the world about hiv 
it remains the major hurdle for hiv infected individuals to openly speak about 
their illness. The threat of social stigma combined with a feeling of guilt about 
perinatal hiv transmission may prevent parents from revealing their own 
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hiv-status and the nature of transmission to their child, with negative con-
sequences for the child’s understanding of hiv and even more important, its 
treatment.69 Therapy adherence is highly important in children using cart, 
because even short periods of suboptimal adherence can lead to viral drug 
resistance, with the consequence of narrowing treatment options. Balancing 
immunological restoration and physical health with the prevention of viral 
resistance can be challenging for hiv-pediatricians and adherence support is 
therefore essential in the care of hiv-infected children.70

Besides the issue of therapy adherence, perceived stigmatization is also 
an important predictor for a reduced quality of life, which has become one of 
the key outcome measures for children living with a chronic hiv infection.71 
Another factor with profound effects on the quality of life is the child’s and/
or its family’s ses. Not only in the developing world, but also in industrialized 
countries families with hiv-infected relatives generally live in relatively poorer 
socioeconomic circumstances, which may further reduce their quality of life.72

Besides the previously discussed poorer cognitive performance, perina-
tally hiv-infected children, especially when they have reached adolescence, 
are at risk for psychiatric disorders like anxiety, depression or attention-defi-
cit-hyperactivity-disorder (adhd).44 In general, adolescence is a particularly 
vulnerable period for the hiv-infected child, in terms of non-adherence but 
also enhanced risk taking behavior, and psychological as well as adherence 
support therefore should be given additional focus during this time.73 A key 
target for support should be sexual development, which is one of the main 
challenges faced by any adolescent and is even more challenging in the adoles-
cent growing up with hiv.

Now that hiv has become a chronic condition, optimization of the long-
term management of hiv-infected children and adolescents should be 
focused not only on sustaining viremic control and physical health, but also 
on social and psychological well-being and on the quality of life. The approach 
towards hiv-infected children should therefore be multidisciplinary, with 
teams including pediatricians, hiv-nurses, psychologists and social workers.

cardiovascular and metabolic complications

hiv-infected children in the pre-cart era were subject to a wide array of car-
diovascular abnormalities, ranging from subtle left ventricular dysfunction 
and decreased ventricular contractility to myocarditis, dilated cardiomyopa-
thy, cardiac tamponade and congestive heart failure.74,75 The landmark P2C2 
study from 2000 described that 12% of 93 hiv-infected children had chronic 
cardiac disease as their underlying cause of death, and 52% had evidence of 
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chronic cardiac disease.76 The pathogenesis of hiv-associated cardiovascu-
lar abnormalities remains poorly understood, however various suggestions 
include direct hiv-infection of myocardial cells (however it remains unclear 
how hiv could enter cd4-negative myocytes), opportunistic cardiotropic 
pathogens such as Toxoplasma gondii, Mycobacterium avium and cmv, but also 
nutritional deficiency with electrolyte imbalances. In addition, mitochondrial 
dysfunction associated with exposure to nrtis is thought to hamper myo-
cyte growth and increase myocyte apoptosis, and has been associated with 
cardiomyopathy in children.77,78 However, in a relatively large proportion 
of hiv-infected children with cardiac involvement no etiology was found.79 
Interestingly, cns involvement of hiv/aids was associated with an increased 
chance of dying from congestive heart failure, possibly due to the impairment 
of the autonomic nervous system induced by hiv-encephalopathy.79

As anticipated, cart has had a profound cardioprotective effect, illustrated 
by a significant decrease in the incidence of cardiac involvement in hiv-infect-
ed patients.80 In children, the prevalence of cardiomyopathy was reported to 
have decreased to less than 4%.81 However, the introduction of cart has brought  
along a set of cardiovascular complications different from those apparent in 
the pre-cart era. hiv-infected adults still have more cardiovascular compli-
cations than the healthy population, but they vary from the pre-cart era and 
include atherosclerosis82 and coronary heart disease with increased risk of 
myocardial infarction83 and heart failure.84 Clinical cardiovascular events in 
cart-treated hiv-infected children and adolescents are very scarce, which is 
why pediatric studies from the cart-era are primarily focused on subclinical 
markers for cardiovascular disease. One of these markers is carotid intima 
media thickness (cimt), a non-invasive ultrasound marker strongly associ-
ated with atherosclerosis and future cardiovascular events.85 Various studies 
have described an increased cimt in hiv-infected children with long-term 
cart-exposure as compared to healthy controls.86-88 The increased risk of 
atherosclerosis in hiv-infection is attributed to multiple factors, including a 
sustained low-grade inflammatory state.89 Furthermore, despite the earlier 
mentioned generally cardioprotective effect of cart, arv-related cardiovas-
cular toxicity may also play a role in the higher risk of atherosclerosis. pis in 
particular are associated with dyslipidemia, elevated triglycerides, insulin 
resistance and a combination of low high-density lipoprotein (hdl) cholester-
ol and high low-density-lipoprotein (ldl) cholesterol, which are all risk factors 
for increased atherosclerosis.90 This is especially important for young perina-
tally hiv-infected children, in whom pis are now part of standard first-line 
therapy.33 
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Taken together, hiv-infected children who have cart-controlled viremia and 
who are clinically well, may be vulnerable to long-term cardiovascular com-
plications, including atherosclerosis with premature cardiovascular events 
such as myocardial infarction and heart failure. In addition, hiv-infected 
children may in time expose themselves to lifestyle-related cardiovascular risk 
factors such as smoking, alcohol and obesity, which will enhance their already 
heightened risk. Therefore, early control of traditional risk factors through 
lifestyle advice and coaching, ensuring immune restoration and the use of 
cart regimens with minimum cardiovascular adverse effects, are mandatory 
to optimally protect the hiv-infected child’s cardiovascular system.

body fat distribution, bone health and metabolic  
complications

 As described above, hiv and cart have been associated with changes in 
cholesterol, lipids, and glucose homeostasis, and with an increased risk of car-
diovascular complications.90 Other complications, often associated with these 
metabolic changes in hiv-infected children, are alterations in fat distribution 
and a decreased bone mineral density (bmd).90,91

The body fat alterations clinically manifest as lipoatrophy (la), the loss of 
subcutaneous fat, and lipohypertrophy (lh), the accumulation of visceral fat. 
la and lh often lead to stigmatization and these unwanted changes in body 
shape might trigger cart non-adherence. This is even more problematic for 
hiv-infected adolescents, who are especially sensitive to their body image 
and prone to poor therapy adherence.92 Multiple studies have reported lh 
and/or la in hiv-infected children or adolescents, however the prevalence 
reported varies between 2% and 60%.91 The true prevalence is difficult to 
determine because of the heterogeneous populations included in the existing 
studies, varying in terms of timing and year of hiv-infection and exposure to 
arv-compounds. 

Changes in body fat distribution have been primarily associated with 
specific arv compounds. First, nrtis (in particular stavudine, and to a lesser 
extent zidovudine) have been shown to inhibit mitochondrial function, result-
ing in a decrease in lipogenesis and an increase in lipoapoptotic mediators.93 
Stavudine has repeatedly been associated with body fat changes in pediat-
ric cohorts, and reversibility of these changes is thought only to be possible 
in minimally affected children.94,95 Consequently, the who has eliminated 
stavudine from its recommendations for the treatment of children with hiv. 
Secondly, pis (among which is the frequently prescribed compound lopinavir/
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ritonavir) have also been linked to changes in fat distribution of hiv-infect-
ed children, but show less profound results concerning la or lh compared 
with stavudine.96 Nonetheless, as lopinavir/ritonavir is more clearly associ-
ated with changes in blood lipids and is first-line treatment for hiv-infected 
children under 3 years of age, adverse effects related to this pi should be mon-
itored closely. Of note, hiv infection and a chronic inflammatory state, even 
in the absence of cart, may also contribute to la by negatively affecting mito-
chondrial dna of adipose tissue.97

A decreased bmd has been detected by cross-sectional studies in both 
younger and older hiv-infected adults, and the limited number of longitudi-
nal studies have shown a 2-6% decrease of bmd in the first two years after cart 
initiation.98 This is comparable to the bmd changes women undergo during 
the first years of menopause. The effects of hiv and cart on bones of hiv-in-
fected children are likely to be different, particularly because their exposure to 
hiv and cart commences early in childhood, known as the key period for bone 
growth and mineral accumulation.99 Of note, during normal development the 
peak bmd is only reached in a person’s early twenties, so bone maturation actu-
ally continues throughout the entire period of childhood and adolescence. The 
prevalence of low bmd (generally known as a bmd z-score of 2 standard devia-
tions (sd) below the norm for age) varies between 7% and 32% and is higher in 
developing- compared to industrialized countries.100-103 The underlying mech-
anism of loss of bmd in hiv-infected children is multifactorial, and includes 
effects of cart, chronic hiv infection and external risk factors for a decreasing 
bmd such as smoking, lack of physical activity and poor nutrition.104 The lat-
ter may be an explanation for the higher prevalence in developing countries. 
Specific arv compounds that have been associated with a low bmd are teno-
fovir (nrti) and several pis including lopinavir and ritonavir, however studies 
are inconsistent and these drugs are all still recommended by the who.33,104 
Conversely, long-term cart in hiv-infected children has also been associated 
with an increase in bmd.101 Uncontrolled viremia and concomitant immune 
activation have been shown to increase osteoclast (resorbs bone) activity and 
decrease osteoblast (builds bone) activity, and therefore long-term suppres-
sive treatment could also have a protective effect.101,105 

Accordingly, also regarding changes in body fat distribution and bmd, the 
balance between effective control of hiv and adverse effects of specific arv 
compounds is important to address when designing the most optimal treat-
ment strategies for the growing and developing hiv-infected child.
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… and more

Various comorbidities affecting hiv-infected children have not been dis-
cussed here, as they are beyond the scope of this thesis. Their pathogenesis is 
most likely a similar interplay between different hiv- and cart-related fac-
tors, as described for the different complications above. In particular, we did 
not cover renal and liver disease, adrenal insufficiency, growth disorders, lung 
disease and non-aids associated malignancies.

Renal dysfunction in cart-treated children may present as hiv-associated 
focal and segmental glomerulosclerosis (fsgs), glomerulonephritis or throm-
botic microangiopathy, however all are rare.106 In addition, nephrotoxic drug 
effects are becoming increasingly important with the global roll-out of cart. 
For example, tubular crystal deposition has been strongly associated with the 
pi indinavir, mitochondrial injury with nrtis, and various studies are now 
addressing the issue of decreased glomerular filtration rate as a consequence 
of tenofovir use.107

A few case reports describe cart-treated children presenting with 
non-cirrhotic portal hypertension.108,109 In adults, liver pathology has been 
repeatedly associated with chronic hiv-infection110, but is mostly attributed to 
antiretroviral drugs and can occur through numerous mechanisms including 
hypersensitivity reactions, mitochondrial toxicity, direct liver cell stress and 
immune reconstitution in viral hepatitis co-infection.111,112 

In the pre-cart era, hiv-infected children were regularly stunted and had a 
delayed pubertal onset. Both are thought to normalize with timely initiation of 
cart, however endocrine disorders such as adrenal insufficiency and growth 
problems persist.113 Furthermore, despite pulmonary opportunistic infections 
having become very rare since cart, lung pathology in children with chronic 
hiv still occurs and includes post-infectious bronchiectasis, interstitial pneu-
monitis and pulmonary immune reconstitution inflammatory syndrome.114 
And lastly, while the incidence of aids-associated malignancies such as Kaposi 
Sarcoma has decreased profoundly since cart, the incidence of non-aids-as-
sociated malignancies including Hodgkin’s Lymphoma and Leiomyosarcoma 
has increased and remains higher in hiv-infected children on cart as com-
pared to the non-hiv-infected pediatric population.115 
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scope of the research

As outlined in this introduction, children with a chronic hiv infection are vul-
nerable to multiple complications that may negatively impact their physical 
health, cognitive function and psychological well-being. These complications 
are mostly attributed to a combination of residual effects of hiv, low-grade 
ongoing immune activation and adverse effects of cart, factors that are 
difficult to disentangle. Research addressing the prevalence and underlying 
mechanisms of these complications is becoming increasingly important, 
particularly as the still expanding hiv-infected pediatric population will grad-
ually transition into adulthood. Only when we improve our knowledge and 
understanding of the longer-term complications of hiv and cart in children, 
will we be able to design effective interventions to prevent them, or at least 
minimalize their impact.

thesis outline

Part 1 of this thesis describes the pediatric hiv-infected cohort in care in the 
Netherlands, as followed by the Dutch hiv Monitoring Foundation (hmf) 
from 1996 onwards. In the first study, we focus on demographic characteris-
tics and treatment history of all perinatally hiv-infected children, and their 
long-term immunological and virological response to cart (Chapter 2). The 
second study explores the influence of a child’s country of birth on the clinical, 
immunological and virological response to cart, by including all hiv-infected 
children who were born in the Netherlands or in sub-Saharan Africa from the 
hmf database (Chapter 3).

In Part 2, various complications of chronic hiv infection in children are 
investigated. For the majority of the data presented in Part 2, we set up a cross-
sectional study assessing the neurological, cognitive and visual outcomes 
of perinatally hiv-infected children. These children were compared to a 
group of age-, gender-, ethnicity- and ses-matched healthy controls. Using a 
comprehensive neuropsychological assessment, we investigated the cognitive 
performance of hiv-infected children compared with healthy controls 
(Chapter 4). With magnetic resonance imaging (mri) we could further study 
the extent of brain injury in the hiv-infected group, by again comparing 
them to healthy control children (Chapter 5). An extensive ophthalmological 
evaluation including visual function and optical coherence tomography (oct) 
of the retina was used to investigate whether retinal structure and function 
was different between both groups of children (Chapter 6). Using the pediatric 
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quality of life inventory questionnaire we evaluated whether the hiv-infected 
group had a compromised quality of life compared with the ses-matched 
healthy controls, and additionally compared both groups with the Dutch norm 
population (Chapter 7). Finally, in a retrospective analysis of two pediatric 
cart-treated hiv-cohorts, one from the Netherlands and one from South 
Africa, we assessed changes over time in regional fat mass and associations 
with specific arv compounds (Chapter 8).

The general discussion of our findings is presented in Part 3. This chap-
ter provides a perspective for future research concerning pathophysiological 
mechanisms, options for treatment and prevention of complications of chron-
ic hiv in children.
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long-term outcomes of children treated for hiv-infection

Abstract
background: The objective of this study was to describe demographic and 
treatment characteristics of the Dutch vertically hiv-infected pediatric pop-
ulation from 1996 until 2012, and to investigate the long-term virological and 
immunological response to combination antiretroviral therapy (cart), with 
emphasis on the influence of age at cart initiation and initial cd4 counts.
methods: From 1996 until 2012, all pediatric hiv clinics in the Netherlands pro-
vided data on their hiv-infected population. Descriptive statistics, parametric 
and non-parametric comparative tests and random effects linear regression 
models were performed to investigate the different aspects of this cohort.
results: A total of 229 vertically hiv-infected children were included. The 
majority of all mothers (64%) and almost half of the children (43%) originat-
ed from sub-Saharan Africa. Ritonavir-boosted lopinavir and efavirenz have 
replaced indinavir, nelfinavir and nevirapine as preferred firstline cart reg-
imens. Long-term cd4 T-cell reconstitution (with cd4 counts corrected for 
age) was independent of age- and cd4 count at cart initiation. The decline 
in hiv viral load after cart introduction occurred faster over the studied time 
period. The percentage of children with an undetectable viral load rose sub-
stantially from 1996 to 2012. Mortality was 0.3 per 100 person years.
conclusion: A sustained immunological response in the Dutch pediatric 
hiv-infected population was independent of age as well as cd4 count at cart 
initiation, despite a higher initial hiv vl in the youngest children. The per-
centage of children with an undetectable hiv vl rose substantially over the 
years and there was a low mortality rate in comparison to reports from other 
industrialized countries. 

Introduction
A national registry of all hiv-infected patients residing in the Netherlands was 
initiated in 1996. Their clinical, immunological, virological and survival state 
(www.hiv-monitoring.nl) was continuously monitored from this moment 
onwards. Similarly to other industrialized countries, this was the time that 
hiv-infected children in the Netherlands gained access to combination 
antiretroviral therapy (cart). In total 19,985 hiv-infected patients have now 
been registered in the Netherlands, which is 0.1% of the total Dutch popula-
tion; 282 of them were children at the time of hiv diagnosis.1 

cart has dramatically decreased morbidity and mortality in hiv-infect-
ed children and adults worldwide.2-5 Early initiation of cart in vertically 
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hiv-infected children has been proven to be beneficial for their survival.6-10 
The World Health Organization (who) currently advises starting cart in all 
children under 2 years of age, regardless of their cd4 T-cell count or clinical 
status11, based on studies that showed a clear decrease in mortality and disease 
progression after early cart initiation in infants from sub-Saharan Africa.8,12,13

In the industrialized world, pediatricians are mainly led by cd4+ T-cell 
counts in deciding whether to start treatment in children above 2 years of 
age. Several studies have investigated the influence of age and cd4 count 
prior to the start of any antiretroviral therapy on (long-term) immune recon-
stitution. Results from 127 therapy-naïve children starting cart showed a 
less complete T-cell recovery in the oldest group of children (with a median 
age at cart initiation of 10 years).14 This age-dependent T-cell recovery was 
shown repeatedly.15,16 Uncertainty remains on when to start cart, which is 
illustrated by other studies showing no correlation with age and –especially 
long-term- T-cell reconstitution in children.10,17,18 The consequences of early 
cart initiation, such as an increasing risk of (long-term) adverse effects and 
development of viral resistance, should be carefully considered as long as liter-
ature on this subject is not clear.

In this study we describe the Dutch pediatric vertically hiv-infected popula-
tion, their long-term response to cart (with emphasis on the age-dependency 
of this response) and the outcome in terms of mortality.

Patients and Methods
The Dutch vertically hiv-infected pediatric population as registered by the 
Dutch hiv Monitoring Foundation (hmf) from January 1st 1996 until March 1st 
2012 was studied.

data collection and study parameters

Designated data collectors from the hmf collected information from all four 
pediatric hiv clinics in the Netherlands. The study parameters used for this 
analysis were clinical and treatment characteristics, immunological and viro-
logical parameters and mortality, collected for each child at regular outpatient 
clinic intervals of approximately 3 months.

The follow-up time for all patients was the number of years from the start 
of registration until the date at which patients became 18 years old, the date of 
the last visit before lost-to-follow-up, death or database closure.
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hiv viral load (vl) follow-up was done by the Nasba hiv-1 rna qt with a lower 
limit of detection (lld) of <1000 copies/mL (1996), the NucliSens hiv-1 rna with 
a lld of <400 copies/mL (1997-2001), Cap/ca v1.5 (1996-2009), the Versant hiv-1 
rna 3.0 with a lld of <50 copies/mL (2001-2007) and ultimately the Abbott Real 
Time hiv-1 with a lld of <40 copies/mL and cap/ctm v 2.0 (2009-current). hiv 
infection was confirmed by several similar tests with decreasing detection lim-
its from 1000 copies/mL in 1996 to 150 copies/mL in 2012.
Time of hiv diagnosis was defined as the first positive hiv test. Infants were 
regarded as infected if hiv-1 antibodies persisted after the age of 18 months, or 
if two consecutive hiv-1 virus detection tests (rna pcr/dna pcr) were positive 
below 18 months of age. cd4 and hiv vl at diagnosis were the first measure-
ments after hiv diagnosis. cd4 and hiv vl before cart initiation were defined 
as closest measurements prior to the start of cart. An undetectable viral load 
was defined as a hiv vl below the lld of the assay used at that time.

Adverse effects, virological failure and therapy adherence problems (as 
reported by clinicians) were regarded as switch reasons from first- to sec-
ondary cart regimen. Weight-related dose changes were not regarded as 
treatment switches. Alterations in backbone (nucleoside reverse transcriptase 
inhibitors (nrti)) or base (non-nucleoside reverse transcriptase inhibitors 
(nnrti) or protease inhibitors (pi)) were regarded as regimen switches. 

statistical analysis

Patients were stratified by age at cart initiation (Group 1: 0-2 years; Group 2: 
2-5 years-; Group 3: 5-18 years of age). Descriptive statistics were performed on 
the demographic characteristics. The Kruskal-Wallis test for non-parametric 
numerical data and the Chi-square test for categorical data were used to com-
pare variables between groups. 

Incidences of the different stop reasons were calculated per 1000 person 
years (py) on treatment amongst children. py were calculated from the start of 
cart until the date of treatment cessation, the date of the last visit or closure of 
the database on March 1st 2012. Mortality rate was calculated as the number of 
deaths per 100 py of follow-up in the Dutch hiv registry. 

cd4 z-scores

z-scores were calculated for cd4+ T-cell counts to correct for age-related dif-
ferences.  These z-scores were used to express the standard deviation (sd) 
from the reference values for the hiv-negative population. All absolute cd4+ 
T-cell counts were transformed into z-scores by subtracting the age-related 
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reference value for the age at the time of the cd4 measurement19 and divid-
ing this by the age-related standard deviation. A z-score of 0 represents the 
age-appropriate median. A cd4 z-score of −1 indicates that a child’s cd4 count 
is 1 sd below the age-specific median of the hiv-negative population.

We compared the changes in mean z-scores from the start of cart 
onwards between the three age categories. To analyse changes in long-term 
cd4 response from the start of cart, mixed effect models were used. All 
z-scores between the start of cart and the following 10 years were included.

Mean changes in z-scores were calculated separately for the following time 
periods: 0 to <6 months, 6 to <12, 1 to <2 years, 2 to <3 years, 3 to <5 years, 5 to 
<8 years and 8 to <10 years. The model included random slopes for these time 
periods for each patient. A first order autoregressive covariance was used to 
correlate intra-individual serial measurements. The other covariates in the 
model (gender and being cart naive) were allowed to have one effect on the 
slopes between the start of cart and 10 years thereafter. 

hiv vl

hiv vl measurements were transformed into log copies/ml and changes 
in hiv rna levels from cart initiation onwards were compared between 
the three age groups using mixed effect modelling with similar time periods 
as described for the cd4 z-scores. The longitudinal analyses for hiv vl were 
based on a lld of 500 copies/mL for all hiv rna measurements and were 
adjusted for gender, being cart-naive and calendar time period of starting 
cart (prior to or after January 2000). In addition, for every consecutive year 
after 1996, the first hiv vl measurement in that year per child was used to 
determine the percentage of children with an undetectable hiv vl; here the 
lld of the hiv vl test per year was taken into account. Data were analysed in 
spss version 19 and sas version 9.2.

Results
demographics

In total, 282 hiv-infected children were included between January 1996 and 
March 2012. Modes of hiv transmission were blood contact (4%), sexual con-
tact (4%) or unknown (10%), but most children (82%) were infected through 
mother to child transmission. We included these 229 vertically hiv-infected 
children in the further analyses of our study. Their characteristics are shown 
in Table 1.
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Table 1. Characteristics of vertically infected children in the Netherlands. 

Age at cart initiation

Total (n=229) 0-2 years 
(n=79)

2-5 years (n=49) 5-18 years 
(n=80)

p-value

Follow-up time (y) 8.7 (4.0-12.4) 9.3 (3.0-12.2) 9.5 (3.0-14.4) 9.1 (6.5-14.0)

Lost-to-follow-up 15 (7)

Male gender 113 (49)

Country of Origin

The Netherlands 105 (46)

Sub-Saharan Africa 99 (43)

Central and Latin America 8 (4)

Asia 7 (3)

Other 9 (4)

Unknown 1 (0.4)

Country of Origin Mother

The Netherlands 20 (9)

Sub-Saharan Africa 146 (64)

Central and Latin America 16 (7)

Asia 13 (6)

Other 13 (6)

Unknown 21 (9)

Age at hiv-diagnosis (y) (n=227) 2.1 (0.5 to 4.9) 0.4 (0.2 to 0.8) 2.4 (1.4 to 3.0) 5.6 (3.7 to 8.4)

Age at cart initiation (y) (n=208) 3.2 (0.9 to 6.7) 0.6 (0.3 to 1.1) 3.2 (2.6 to 3.9) 8.2 (6.0 to 10.7)

Age at study analysis (y) 12.7 (9.7 to 17.7) 10.9 (6.9 to 12.6) 12.7 (7.6 to 17.0) 18.9 (14.8 to 20.7)

On cart 210 (90)

Therapy-naive at cart 
initiation(n=209) 175 (84) 71 (91) 41 (84) 61 (76)

hiv-diagnosis to cart initiation (m) 3.3 (0.8 to 17.1) 1.6 (0.5 to 11.2) 10.0 (2.5 to 30.2) 2.6 (1.3 to 17.4) <0.001

cdc category at hiv-diagnosis*

A 151 (66) 38 (48) 35 (71) 57 (71)

<0.001B 38 (17) 14 (18) 8 (16) 16 (20)

C 40 (18) 27 (34) 6 (12) 7 (9)

cd4+ t-cell z-score at cart initiation -1.0 (-1.4 to -0.5) -1.0 (-1 to -0.5) - 1.0 (-1.3 to -0.5) -0.9 (-1.2 to -0.6) 0.630

hiv vl at cart initiation 5.4 (4.6 to 5.8) 5.8 (5.3 to 6.2) 5.3 (4.9 to 5.7) 4.8 (4.3 to 5.3) <0.001
 

(y)=years. (m)=months. hiv=human immunodeficiency virus. cart=combination antiretroviral therapy. 
cdc=centers for disease control and prevention (clinical categories: n/a=no to mild symptoms. B=moderate 

symptoms. c=severe symptoms or acquired immune deficiency syndrome (aids)). hiv vl= hiv viral load.  
Data are number (%)or median (interquartile range).
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The median follow-up time was 8.7 years (range 0.1-21.1). During the studied 
period, registration of 15 patients was stopped before they became 18 years 
old; 12 moved abroad, 3 were lost-to-follow-up. The majority were born in 
the Netherlands (46%) or sub-Saharan Africa (43%). Most children were born 
to mothers originating from sub-Saharan Africa (ssa) (64%). Since 2w004 
(the introduction of hiv-screening in the first trimester of pregnancy in the 
Netherlands) only 8 hiv-infected infants have been born in the Netherlands. 

The median age at hiv diagnosis was 2.1 years (iqr 0.5-4.9). The median 
age at the time of study analysis was 12.7 years (iqr 9.7-17.7; range 1.8 – 28.0). 
Children originating from ssa (n=99) were diagnosed at a median age of 2.9 
years (iqr 1.0-6.2) and commenced cart at a median age of 3.8 years (iqr 
1.8-9.0). Children of Dutch origin were diagnosed at an age of 1.1 years (iqr 
0.3-2.7) and initiated cart at 2.4 years of age (iqr 0.5-5.6). Diagnosis and cart 
initiation was significantly delayed for children originating from ssa com-
pared to Dutch children (P-value<0.001). By March 2012, 49 (21.4%) vertically 
hiv-infected patients had reached adulthood (range 18-27 years).

therapy

By March 2012, 210 out of 229 (90%) children had been started on cart. The 
median age of all children at cart initiation was 3.2 years (iqr 0.9-6.7). The 
median time from hiv diagnosis until cart initiation was 3.6 months (iqr 
0.9-20.7). Of all patients treated, 175 (84%) were therapy-naïve at cart initi-
ation; 33 (16%) were pre-treated with mono or dual therapy. Two patients had 
an unknown pre-cart treatment status. Of the pre-treated children, 27 com-
menced cart before 1999. The remaining 6 children originated from ssa and 
had received mono- or dual therapy in their country of origin. 

The time from hiv diagnosis until cart initiation was investigated strat-
ifying the children by age at hiv diagnosis. This time differed significantly 
between the three age groups (P-value<0.001); children being 0-2 years old at 
hiv diagnosis had the shortest time period between diagnosis and cart initia-
tion (median of 1.6 months, iqr 0.5-11.2). Children being between 2 and 5 years 
at hiv diagnosis had the longest period of 10.0 months (iqr 2.5-30.2) between 
diagnosis and therapy initiation, and children being older than 5 years at diag-
nosis had a median period of 2.6 months (iqr 1.3-17.4) before they were started 
on cart. More children in the youngest age group were diagnosed with cdc 
category C (34%) as compared to the 2-5 years age group (12%) and the oldest 
age group (9%) (P-value<0.001). Of the youngest group, 48% were categorized 
as cdc A, while 71% of both the 2-5 year old children and the oldest group were 
in that category at hiv diagnosis.
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The median number of cart regimens per patient was 3 (iqr 2-5; range 1-11). 
Of 210 patients on cart, 39 (19%) were still on their firstline regimen in March 
2012 for a median duration of 2.8 years (iqr 1.5-5.4; range 0.5-9.9). Seventeen 
percent had been treated with a firstline regimen only and ceased before 
March 2012 without a registered reason; 64% had been switched to a second 
cart regimen. This last group was on their firstline cart regimen for a medi-
an duration of 1.5 years (iqr 0.5-2.9; range 0.0-8.3).

Of 134 children who were treated with a secondline regimen, 86% had also 
experienced a third regimen. This group was on their secondline regimen for a 
median of 1.2 years (iqr 0.2-2.7). Fourteen percent was still on their secondline 
regimen in March 2012, for a median duration of 5.3 years (iqr 2.0-8.0).

Figure 1. Firstline cart regimens

The five most frequently prescribed base drugs (pi or nnrti) in the Netherlands, depicted 
by the number of children starting on the specific drugs per 4-year time frame (1996-2000; 

2000-2004; 2004-2008; 2008-2012). The backbone consisted mostly of 2 nrtis

The most commonly prescribed firstline drugs (alongside the backbone of 2 
nrtis) are shown in Figure 1. From 1996 until 2001, nelfinavir and indinavir 
were most commonly used, whereas lopinavir has been the predominantly 
prescribed pi since 2000. Efavirenz has been the most frequently prescribed 
nnrti since 2000. Alterations in cart regimens were made for 5 main rea-
sons for which incidence rates (per 1000 py) were calculated: adverse effects: 
124 (95% confidence interval 102-148), virological failure: 94 (74-118), therapy 
adherence problems: 101 (80-126), regimen simplification/improvement: 215 
(190-240) and patient/parent(s) decision: 56 (40-76). There was no significant 
difference in cart switch-incidence rates between the three age groups.
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long-term immunologic and virologic response to cart

The youngest children (0-2 years at cart initiation) had the highest absolute 
cd4 counts at cart initiation (P-value<0.001); but age adjusted cd4 z-scores 
did not differ significantly between groups (Table 1). In the first year after 
cart initiation, cd4 z-scores increased in all children, but a significant 
increase was only seen in the two youngest groups. The increase was largest 
among children aged 0-2 years (P-value<0.001). After 3 up to 10 years of cart, 
there was no significant difference in cd4 z-scores between all three groups 
(Figure 2a). When stratifying children by the median of the initial cd4 z-score 
(-1.1), the group with the lowest initial cd4 z-score (<1.1) had a steeper increase 
in the first year after cart initiation (P-value<0.001). The cd4 z-score after ten 
years of cart appeared to be higher in the group that started out with the best 
cd4 z-score, but this difference was not statistically significant (Figure 2b).

Figure 2. Immunological reconstitution in the first ten years after cart initiation. Figure 2a. z-scores 
 for cd4+ t-cell counts per age group, from the start of cart until ten years after. Figure 2b. z-scores  

for cd4+ t-cell counts stratified by the median pre-cart cd4+ t-cell z-score.

At cart initiation, children aged 0-2 years at time of cart initiation had a 
higher hiv vl (P-value<0.001) in comparison to the other age groups (Table 
1). During the first 6 months of treatment, a significant decline in hiv vl was 
seen in all three age groups. hiv vl tended to decrease over the first ten years 
after cart initiation. In addition, we found that children who started cart 
after 2000 had a significantly more rapid hiv vl decline than children who 
commenced cart before 2000 (P-value=0.028) (Figure 3).
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Figure 3. hiv vl (log copies/mL) in the first two years after cart initiation. Fig 3a. Course of hiv vl  
per age group when cart initiation was before 2000. Fig 3b. Course of hiv vl per age group when  

cart initiation was after 2000 

The percentage of children on cart with an undetectable hiv vl from 1996-
2012 (excluding children previously treated with mono-or dual antiretroviral 
therapy) is shown in Figure 4. A clear increase is shown from 1996-2006, while 
after 2006 the percentage stabilizes around 80%. Ultimately, 89% of all chil-
dren had an undetectable hiv vl in 2012.

mortality

From 1996 until 2012, four hiv-infected children died (0.3 per 100 per-
son-years). The first was a 10-year-old child with cdc category C who died 5 
months after hiv diagnosis (in 1998) due to a Mycobacterium avium meningitis. 

In 2002, a 10-year-old child died of liver failure due to interaction of her 
pi-based cart regimen and voriconazole.20 In the same year, a 6-month-
old infant died due to a sepsis with a generalized cmv infection and a 
Pneumocystis jirovecii pneumonia. The last case was a 6-year-old boy who 
died of a status epilepticus in 2003.

Discussion
In this study we evaluated the epidemiologic and treatment characteristics, 
immunological and virological response to cart and mortality in the Dutch 
pediatric vertically hiv-infected population, registered since 1996.
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Figure 4. Percentage of children with an undetectable hiv vl 

Percentage of children with an undetectable hiv viral load, including all children treated with cart, excluding 
children who were pre-treated with mono- or dual therapy. The crosses (X) on the graph show the lower limit  

of detection (lld) of hiv vl, which was used at each specific time point. 

The drastic decline in vertically hiv-infected infants born in the Netherlands 
from 2004 onwards can be explained by the successful introduction of a hiv 
screening programme in the first trimester of pregnancy.21 This decline is 
comparable to results from other western-European studies.22-24

As was also reported from other western European countries, most of 
the Dutch pediatric hiv-infected population either originate from ssa or 
are first-generation immigrants from that region.20,24-27 These hiv-infected 
children were diagnosed with hiv and commenced cart at an older age than 
children born in the Netherlands, as was also reported in studies from France 
and Denmark.22,27

Almost every hiv-infected child in the Netherlands (92%) is currently treated  
with cart, which is higher compared to the United Kingdom and Ireland (72%)  
and Sweden (80%).3,26,29 The reason for these differences within Europe is un- 
known, as similar guidelines for treatment of hiv-infected children are used.

In our study, the time until cart initiation was shortest for children 
between 0-2 years at hiv diagnosis. For recent years, this can be explained by a 
proper execution of the who recommendations, stating that all hiv-infected 
children under 1 year of age, and later under 2 years of age, are to be started 
on cart.11 Also, the youngest age group had the highest initial hiv vl and was 
most often classified as cdc category C. The latter is not very surprising, since 
children in the older groups were diagnosed after a median age of 2.4 years, 
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and their episodes of illness before the hiv-diagnosis would not have been 
classified according to the cdc guidelines. The generally poor clinical and 
virological state of young children has been described previously.38-40 

Preferred treatment regimens have changed over time based on research 
on simplification of regimens, reduction and prevention of adverse effects, or 
expected improvement of virological response rates.31-33 In the Netherlands, the 
pis nelfinavir and (boosted) indinavir were used in the early years of cart34, 
but are currently no longer prescribed and have been replaced by (boosted) 
lopinavir and the most frequently used nnrti efavirenz (Figure 1).35,36 No entry 
or integrase inhibitors were prescribed in the Dutch pediatric population.

There was no difference in cd4 z-scores at cart initiation between the 
three age groups. The youngest children showed the most rapid short-term 
immune reconstitution, which was described previously10 and might be due 
to their higher thymic T-cell production37 and more voluminous thymus.38 
After three up to ten years of cart, no difference in z-scores for cd4+ T-cell 
counts was observed between the three age groups, indicating that longer 
term immune responses might be independent of age at cart initiation, as 
described in previous studies of hiv-infected children in Europe.10,17,18 These 
studies all had shorter follow-up periods in comparison to this analysis. In 
addition, children with a lower median cd4 z-score had a more rapid cd4 
increase in the first year after cart initiation, as has been described previous-
ly.15,39,40 However, the initial cd4 z-score had no influence on immunological 
reconstitution after three up to ten years of cart, which was in agreement 
with other European studies.18,39,41 This was in contrast with some studies 
from Europe15,40,42 and the usa42, stating that a lower pre-cart cd4 percentage 
was a predictor for a worse immunological outcome after 3 to 5 years of cart. 
As has been said by Walker et al.39, it may take longer than this to reach a nor-
mal cd4 z-score when the pre-cart z-score is very low.

We showed in Figure 3 that earlier (in calendar time) cart initiation was 
related to a slower decline of hiv vl. Children who commenced cart after 
2000 had the fastest decline of their hiv vl compared to children who initiat-
ed cart between 1996 and 2000. This may be explained by the fact that in 2000 
therapeutical options for Dutch children were extended with more potent 
cart, such as the addition of nevirapine, efavirenz and lopinavir to only indi-
navir and nelfinavir.35,43

The percentage of children with an undetectable hiv vl rose over time 
from 27% to 89%, which is higher than in other industrialized countries.29,44 
This substantial rise was even more remarkable because the lld of the hiv vl 
test decreased from <1000 copies/mL to <40 copies/mL. It must be noted that 
in 2012, data from only 19 patients was available. 
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In contrast to other studies45,46, mortality was not increased in the youngest 
age group and was overall very low in our population (0.3 per 100 person-years). 
As compared to reports from other industrialized countries3,27,29,41 the mortal-
ity rate in the Netherlands was lower, and equal to reports from Sweden and 
Spain.26,48. These reports were based on data collected until 2009; current data 
from these countries may contain mortality rates approaching results from 
this analysis.

There are several possible explanations for the positive achievements in  
Dutch pediatric hiv care. An important characteristic of the care for hiv-in-
fected children in the Netherlands is that it is centred within four academic 
hospitals with multidisciplinary hiv-specialized teams. This allows for up-to-
date knowledge, evidence-based treatment and strict follow-up of all 
hiv-infected children. Secondly, therapeutic drug monitoring (tdm) is rou-
tinely used by Dutch pediatric hiv clinicians49, allowing for optimal personal 
dosing and leading to fewer adverse reactions and more sustainable viral sup-
pression.50 Lastly, simultaneously with the introduction of cart, treatment 
adherence programs have been initiated in various pediatric hiv centers in 
the Netherlands, contributing to reducing treatment failures and improved 
long-term outcomes.51

Despite the relatively large size of our patient population, the wide range 
of ages and the long-term follow up period as compared to other overview 
articles14,16,29,52, our study has its limitations. Virological and immunological 
values, especially cd4 percentages, were not always registered from hiv infec-
tion onwards for every child; this mostly happened in immigrant children of 
whom consequent registration only started when their treatment at one of the 
pediatric hiv clinics commenced.

In conclusion, our results offer a broad overview of a long-term registered 
vertically hiv-infected population in an industrialized country. The majority 
of pediatric patients in the Netherlands originate from sub-Saharan Africa 
or are first-generation immigrants from that region. Short-term cd4 recon-
stitution was fastest in children who were between 0-2 years old at cart 
initiation, as well as in children with the lowest initial cd4 z-score. However, 
a longer-term immunological response was independent of age at cart initi-
ation or pre-cart cd4 z-score, despite a higher initial hiv vl in the youngest 
children. The percentage of children with an undetectable hiv vl rose signifi-
cantly over the years and the hiv-associated mortality rate was among the 
lowest reported.
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Abstract
background: Immigrant hiv-infected adults in industrialized countries 
show a poorer clinical and virological outcome compared to native patients. 
We aimed to investigate potential differences in clinical, immunological and 
virological outcome in Dutch hiv-infected children born in the Netherlands 
(nl) versus born in Sub-Saharan Africa (ssa) in a national cohort-analysis.
methods: We included all hiv-infected children registered between 1996 and 
2013. Descriptive statistics, mixed-effects models and Cox proportional haz-
ard models were used to investigate differences between groups.
results: In total, 319 hiv-infected children were registered. The majority of 
these children were born in ssa (n=148, 47%) or nl (n=113, 36%) and most were 
black (n=158, 61%). Children born in nl were diagnosed at a median age of 1.2 
years and initiated combination antiretroviral therapy (cart) at a median 
age of 2.6 years, compared to 3.7 and 5.3 years respectively for children born 
in ssa (hiv-diagnosis: P-value<0.001; cart initiation: P-value<0.001). Despite 
a lower initial cd4+ T-cell z-score in children born in ssa, their immunolog-
ical reconstitution was similar to children from nl. Virological suppression 
was achieved in the majority of all cart-treated children (nl: 96%, ssa: 94%). 
There was no difference in the occurrence or timing of virological failure. 
conclusion: The majority of immigrant hiv-infected children living in nl 
were born in ssa. Children born in ssa were diagnosed and initiated cart 
at an older age than children born in nl. Despite initial differences in cd4+ 
T-cell counts and hiv viral load, the long-term immunological and virological 
response to cart was similar in both groups.

Introduction
In 2004 a successful national maternal human immunodeficiency syndrome 
(hiv)-screening program was implemented in the Netherlands, which result-
ed in a profound reduction of perinatal hiv transmissions.1 Since then, the 
majority of new hiv-infected children in nl were immigrants and adopt-
ed children from sub-Saharan Africa (ssa), as also reported in several other 
industrialized countries.�-�

In the adult population, essential differences in characteristics and 
outcomes between hiv-infected immigrants and non-immigrants resid-
ing in industrialized countries have been described. In the Swiss cohort, 
hiv-infected immigrants from ssa were younger, predominantly female 
and more frequently infected through heterosexual activity as compared to 
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non-immigrants.7 African hiv-infected immigrants were diagnosed with a 
more advanced Center for Disease Control and Prevention (cdc) clinical stage 
and a lower absolute cd4+ T-cell count at the time of hiv-diagnosis as com-
pared to patients born in various Western European countries.7-13 Immigrants 
were eligible to start cart at the first clinical visit more often than non-immi-
grants.11 However, virological response to cart was reported to be similar in 
immigrants and non-immigrants.7,11,14 Clinically, a similar disease progression 
and survival was shown in African and non-African hiv-infected adults, after 
adjustment for access to health care and socioeconomic status.7,9,11,15 Without 
adjustment for these factors African immigrants did have a shorter survival 
time and faster disease progression.16-19 In nl, virological failure during cart 
occurred more often in adult immigrants as compared to non-immigrants, 
which was a potential result of different resistance patterns at cart initia-
tion, different hiv subtypes, and differences in pharmacokinetics and therapy 
adherence.13,20 The results of these adult studies imply that special attention 
–especially towards therapy adherence and virological follow-up- may be war-
ranted for immigrant hiv-infected populations in the industrialized world.

In contrast to the literature on adults, little has been reported on clinical, 
immunological and virological outcomes between immigrant and non-immi-
grant hiv-infected children. Recently we showed in our Dutch pediatric cohort 
study that hiv-infected children born in nl were diagnosed with hiv and 
started on cart at an earlier age compared to children born in ssa.21 Studies 
from France and Denmark reported similar findings.2,3 Except for hiv-infect-
ed children younger than 1 year of age in whom starting cart immediately is 
clearly beneficial22, the influence of age at cart initiation on immunological 
and clinical outcomes in older children remains unclear.21,23-26

Following the described less favorable outcomes in adult immigrant hiv-
infected patients, a stricter virological and clinical monitoring for the migrant 
population in industrialized countries has been suggested.7,10,13 Considering 
the lack of literature on this topic in hiv-infected children, this study aimed 
to investigate potential differences in clinical, immunological and virological 
outcomes between Dutch hiv-infected children born in nl and ssa in the era 
of cart.

Patients and Methods
This is a historical cohort study containing data from the Dutch hiv monitor-
ing foundation registry. We included all hiv-infected pediatric patients born 
in nl or ssa who were registered between January 1st 1996 and February 1st 2013 
(Figure 1). 
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Figure 1. Flow-chart.  
hiv-infected children registered by the Dutch hiv monitoring foundation between 1996 and 2013

This group is similar to that of our previous cohort study, supplemented with 
non-perinatally infected children and children who entered the Dutch registry 
after March 2012.21

hiv viral load (hiv vl) follow-up was done by the Nasba hiv-1 rna qt 
with a lower limit of detection (lld) of less than 1000 copies/ml (1996), the 
NucliSens hiv-1 rna with a lld of less than 400 copies/ml (1997–2001), Cap/
cav1.5 (1996–2009), the Versant hiv-1rna3.0 with a lld of less than 50 cop-
ies/ml (2001–2007) and ultimately the Abbott Real Time hiv-1 with a lld of 
less than 40 copies/ml and cap/ctm v 2.0 (2009 till current). hiv infection was 
confirmed by several similar tests with decreasing detection limits from 1000 
copies/ml in 1996 to 150 copies/ml in 2012.

data collection and study parameters

Data for this study was collected from all pediatric hiv clinics in the 
Netherlands. Study parameters used for analysis were demographic and 
clinical characteristics, type of treatment and immunological and virological 
parameters. For each patient, immunological and virological values were col-
lected at regular outpatient visits with approximately 3 month-intervals. The 
child’s race was classified according to the country of birth of both parents. 
The maximum cdc category for each child was derived from a list of medical 
conditions as registered by the Dutch hiv monitoring foundation. When no 
clinical condition was registered, the child was regarded as cdc category N. 
We defined cd4+ T-cell count and hiv vl measurements at hiv-diagnosis as 
those measurements closest to the date of hiv-diagnosis (within a margin of 3 
months). cd4+ T-cell count and hiv vl at cart initiation were the closest mea-
surements prior to the start of cart (within a maximum range of 3 months). 
Undetectable hiv vl was defined as a hiv vl below the lld of the test used at 
that time. 

n=319

n=216

 Excluded for 
n=58 not being born 
 in ssa or nl 

n=148 n=113
Born in ssa ABorn in nl
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statistical analysis

Data management and analysis was performed using stata statistical soft-
ware (Release 12, 2011, StataCorp lp, College Station, tx) and sas software 
(Version 9.2, sas Institute Inc., Cory, nc). We used descriptive statistics on 
clinical, immunological and virological values. Continuous data was compared 
between groups using the two-sample T-test and the Mann-Whitney U-test. 
Categorical data were compared using Chi-square analysis. Differences 
between groups were considered significant at P-value<0.05.

cd4+ t-cell z-scores

z-scores of the cd4+ T-cell counts were calculated to adjust for age and ethnic-
ity as reported earlier21. For this calculation we used age-related standards for 
black and white children, as provided by the European Collaborative Study.27 
The age-appropriate median is represented by a z-score of 0. Longitudinal 
changes in the z-scores of cd4+ T-cell counts from the start of cart were ana-
lyzed using mixed effects models with random intercepts. We included all 
z-scores of the cd4+ T-cell counts from the start of cart until 5 years after 
cart initiation.

hiv vl

An undetectable hiv vl was defined as the time between cart initiation and 
the first of two consecutive undetectable hiv vl measurements. Virological 
failure was characterized as two consecutive (≥ 7 days apart) hiv vl detections 
of more than 500 copies/mL, subsequent to an undetectable hiv vl measure-
ment. The influence of country of birth on the time to an undetectable hiv vl 
and the time to subsequent virological failure was analyzed using Cox propor-
tional hazard models. Gender, home environment, age-, calendar year, cd4+ 
T-cell count- and hiv vl at cart initiation, cart base at first regimen, trans-
mission mode, and pre-treatment status were considered as co-variates and 
taken into the multivariate model when P-value<0.1 in univariate analysis.

Results
A total of 319 hiv-infected children were registered in one of the Dutch pediat-
ric hiv treatment centers. Most of these children (83%) were born either in ssa 
(n=148, 47%) or nl (n=113, 36%). Only these 261 children were included in the 
additional analyses of our study (Table 1).
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Table 1. Study population characteristics 

Demographic variables n Born in nl n Born in ssa p-value

Male gender 113 56 (50) 148 74 (50) 0.944

Age at study analysis (years) 113 14.4 (11.9 to 18.9) 148 13.3 (6.8 to 18.9) 0.037

Ethnicity 111 122

Black  48 (43) 110 (90)

<0.001
White  27 (25) 4 (3)

Latin  8 (7) 0

Mixed*  28 (25) 8 (7)

Home environment 112 141

Two parents 67 (60) 37 (26)

<0.001

One parent 41 (36) 32 (23)

Adoption parents 0 51 (36)

Foster family 1 (1) 11 (8)

Other 3 (3) 10 (7)

Mortality 113 0 148 2 (1) 0.215

hiv-associated variables

hiv transmission mode 113 148

Vertical 106 (94) 108 (73)

<0.001
Sexual 2 (2) 9 (6)

Blood contact 2 (2) 9 (6)

Unknown 3 (2) 22 (15)

Year of hiv-infection 111 136

Before 1996 39 (35) 29 (20)

<0.0011996-2004 63 (56) 48 (32)

After 2004 9 (8) 59 (40)

cdc category 113 148

N 17 (15) 52 (35)

0.001
A 24 (21) 37 (25)

B 32 (28) 25 (17)

C 40 (35) 34 (23)

Time of hiv-diagnosis

Age (years)

All children 112 1.2 (0.3 to 3.7) 139 3.7 (0.9 to 9.0) <0.001

Vertically infected children 106 1.1 (0.3 to 2.7) 106 2.3 (0.6 to 5.6) 0.002

cd4+ t-cell count (106/L) 112 965 (436 to 1840) 131 601 (340 to 1140) 0.009

cd4+ t-cell z-score 85 -0.8 (-1.4 to -0.1) 75 -1.0 (-1.5 to 0.5) 0.045

hiv vl (log copies/mL) 112 5.2 (4.4 to 5.8) 139 4.6 (3.9 to 5.4) 0.003
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Time of cart initiation

Age (years)

All children 106 2.6 (0.6 to 5.8) 126 5.3 (1.8-11.1) <0.001

Vertically infected children 101 2.5 (0.5 to 5.6) 95 3.2 (1.1-8.0) 0.032

cd4+ t-cell count (106/L) 106 645 (350 to 1240) 117 470 (270-1190) 0.110

cd4+ t-cell z-score 85 -0.9 (-1.6 to -0.5) 75 -1.3 (-1.6 to -0.6) 0.248

hiv vl (log copies/mL) 95 5.3 (4.6 to 5.9) 97 4.9 (4.3 to 5.6) 0.026

cart characteristics

Treated with cart 113 107 (95) 148 129 (87) 0.041

Diagnosis until start cart (years) 106 2.1 (0.6 to 14.4) 124 6.3 (1.4 to 23.8) 0.018

Number of cart regimens 113 4 (2 to 6) 148 2 (1 to 3) <0.001

Pre-treated (mono- or dual therapy) 106 21 (19) 126 12 (8) 0.025

Duration of first regimen (years) 103 1.4 (0.3 to 3.1) 86 1.9 (1.0 to 3.8) 0.044

nnrti at first regimen 107 17 (16) 129 60 (47) <0.001

pi at first regimen 107 91 (85) 129 67 (52) <0.001
 

nl= the Netherlands. ssa= sub-Saharan Africa. * = Black/White, White/Asian, White/Latin, Black/Latin.  
cdc= Center for Disease Control and Prevention. hiv vl= hiv viral load. cart= combination antiretroviral 

therapy. pi=protease inhibitor. nnrti= non-nucleoside reverse transcriptase inhibitor. Values are n (%)  
or median (iqr)

The majority of patients were black (born in nl: n=48, 43%; born in ssa: n=110, 
90%). Their parents mostly originated from ssa or North Africa. A small pro-
portion of the hiv infected children born in nl was white (n=27, 25%).

The majority of children were infected through mother-to-child-transmis-
sion (n=214, 82%) (Table 1). After introduction of maternal hiv-screening in 
2004, 68 hiv-infected children were added to the national registry, of whom 
9 (13%) were born in nl. The maximum cdc clinical stage was significantly 
different between children born in nl and children born in ssa, with more 
children from nl in cdc category C and more children from ssa in category N 
(P-value=0.001). In a sensitivity analysis including only category A, B and C, no 
difference was detected (P-value=0.130).

The median age at hiv-diagnosis was significantly lower in children born 
in nl (1.2 years, iqr 0.3-3.7) as compared to those born in ssa (3.7 years, iqr 
0.9-9.0) (P-value<0.001). In a sub-analysis of vertically hiv-infected children 
only, this difference remained significant (nl: 1.1 years, iqr 0.3-2.7 and ssa: 2.3 
years, iqr 0.6-5.6; P-value =0.002).

Absolute cd4+ T-cell count and cd4+ T-cell z-scores at time of hiv-diagno-
sis were higher in children born in nl (cd4+ T-cell count: P-value=0.009; cd4+ 
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T-cell z-scores: P-value=0.045). The hiv vl was also higher in children born 
in nl at time of hiv-diagnosis (nl: 5.2 log copies/mL; ssa 4.6 log copies/mL; 
P-value=0.003) and cart initiation (nl: 5.3 log copies/mL; ssa: 4.9 log copies/
mL; P-value=0.026).

hiv-infected children born in nl started cart at a significantly lower 
median age (2.6 years, iqr 0.6-5.8) than those born in ssa (5.3 years, iqr 1.8-
11.1) (P-value<0.001). Fourteen percent of all cart treated children were 
pre-treated with mono- or dual therapy. 

long-term immunological response to cart 

Both groups showed a significant increase of cd4+ T-cell z-scores during the 
first 12 months after cart initiation (P-value<0.001). There was no difference 
in immunological reconstitution during and after the first 5 years of cart 
between the two groups (P-value>0.05) (Figure 2).

Figure 2. Immunological reconstitution after cart initiation. 

Figure 2 shows a significant increase of cd4 z-scores in all children in the first year after cart initiation, 
and a similar immunological reconstitution in children born in the Netherlands (nl, black line) versus 

sub-Saharan Africa (ssa, gray line) up to 5 years after cart initiation. cd4= cd4+ t-cells.  
cart= combination antiretroviral therapy.

long-term virological response to cart

The number of children reaching an undetectable hiv vl upon cart initiation 
was similar in both groups (nl: n=102, 96%; ssa: n=119, 94%) (P-value=0.525). 
Cox proportional hazard analysis adjusted for home environment, age at cart 
initiation, hiv vl at cart initiation, and transmission mode showed that the 
time to reach an undetectable hiv vl was similar in children born in ssa and 
nl (Table 2). 
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The multivariable model did detect a negative correlation with reaching an 
undetectable hiv vl in children living in a one-parent household compared 
to a two-parent household (hr 0.64, P-value=0.010). A positive association 
with reaching an undetectable hiv vl was found in children older than 2 years 
at cart initiation (hr 1.63, P-value=0.005), children with a hiv vl under 5 
log copies/mL at cart initiation (hiv vl 4-5: hr 1.47, P-value=0.034; hiv vl 
<4: hr 2.02, P-value=0.007) and children whose hiv transmission route was 
non-vertical (hr 1.86, P-value=0.033). Of note, having a missing hiv vl at cart 
initiation was negatively associated with reaching an undetectable hiv vl (hr 
0.42, P-value<0.001). The missing category of the hiv vl at cart initiation 
(n=44; 19%) consisted of 12 children born in nl and 32 children born in ssa.

Virological failure occurred in 41 children who were born in nl (40%) and in 
35 children who were born in ssa (29%) (P-value=0.077). The median time from 
an undetectable hiv vl to virological failure was 1.0 year (iqr 0.5-3.2) for the 
41 children born in nl and 1.2 years (iqr 0.8-2.7) for the 35 children born in ssa 
(hr 1.09, P-value=0.773) (adjusted for home environment, age, calendar year 
and hiv vl at cart initiation, transmission mode and pre-treatment status). 
Being therapy-naïve at cart initiation was associated with a lower chance of 
virological failure as compared to children who were treated with mono- or 
dual therapy before starting cart (hr 0.51, P-value=0.035).

Discussion
In this study we evaluated the influence of country of birth on clinical, immu-
nological and virological outcome of hiv-infected children living in the 
Netherlands. Specifically, we compared children born in nl and children born 
in ssa, as they were the vast majority of all Dutch hiv-infected children. At 
time of hiv-diagnosis and cart initiation, children from ssa were significant-
ly older than children born in nl. Although the cd4+ T-cell z-score of children 
born in ssa was slightly lower, the long-term immunological reconstitution 
was similar in both groups. In hiv-infected children treated with cart, the 
time to reach an undetectable hiv vl and subsequent time to virological fail-
ure were similar in children born in nl and ssa.

In contrast to the adult population, hiv-infected children born in nl were 
predominantly black and from ssa descent. This finding is consistent with 
previous pediatric studies from other industrialized countries.3-6,28,29 Also con-
sistent with this study, earlier reports on hiv-infected children have shown 
that children born in ssa were older at hiv-diagnosis and at cart initiation as 
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compared to children born in the described industrialized country.2,3,21 After 
excluding children with no registered clinical conditions, the maximum cdc 
clinical category was not different between children born in nl and ssa. This 
is in contrast with adult studies, where immigrants generally showed a poorer 
clinical state than native patients.7-13 This may be explained by the fact that 
immigrant hiv-infected adults more often seek medical care when they have 
physical complaints, as compared to native hiv-infected adults who are more 
likely to undergo testing for hiv as a precautionary measure.13 Of note, we 
could not distinguish between cdc category N and actual missing data in the 
group of children with no registered clinical conditions. The higher percent-
age of children born in ssa in category N is most likely due to a lack of adequate 
registration in their country of birth, and it is possible that children born in 
ssa have a higher proportion of cdc category C diagnoses than reported in 
this study.

Children born in nl were more often pre-treated with mono- or dual ther-
apy and were exposed to a significantly higher number of cart regimens. 
This can be explained by the fact that they, as opposed to the children born 
in ssa, were generally diagnosed and treated before 1996. The differences in 
cart base (pi or nnrti) between both groups may be due to the limited num-
ber of hiv-infected children (8%) born in nl who were diagnosed after 2004, 
as before 2004 pis were more often prescribed as a part of the first-line cart 
regimen.21,30 

Children born in ssa had a slightly lower cd4+ T-cell z-score at hiv-diag-
nosis as compared to children born in nl. Regardless of the differences in age 
and cd4+ T-cells at hiv-diagnosis and age at cart initiation, the long-term 
immunological reconstitution was similar in both groups. This finding is 
consistent with previous pediatric studies.24,34-36 The younger age at hiv-di-
agnosis of children born in nl may be the most important explanation for 
the higher hiv vl at diagnosis and cart initiation in this study.21,24,25,37-39 
However, the children born in ssa were significantly older at hiv-diagnosis 
and thus survived the first years of their life without cart. Their lower hiv vl 
could therefore also be a reflection of the fact that they may be hiv-infected 
children with an initially more favorable immunological, virological and clin-
ical state. An additional explanation may be that children born in ssa more 
frequently had a missing initial hiv vl (at hiv-diagnosis or cart initiation). 
Despite this, the time to reach an undetectable hiv vl was similar in children 
born in ssa and nl. Both groups of hiv-infected children (born in nl and ssa) 
had high percentages attaining an undetectable hiv vl upon cart initiation. 

Although children born in nl were more often pre-treated with mono- 
or dual therapy and had been on more cart regimens compared to children 
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born in ssa, virological failure occurred at a similar rate in both groups. Also, 
the time between suppression of hiv and virological failure was the same. In 
contrast, earlier studies in Dutch hiv-infected adults showed that virologi-
cal failure occurred more often in immigrants.13,20 Not surprisingly, in our 
study pre-treatment with mono- or dual therapy did show an independent 
association with virological failure.40 Of note, we found that one third of the 
hiv-infected children born in ssa were adopted. These children did not show 
better virological outcomes, which was unexpected as earlier studies have 
shown a better adherence to cart in adopted hiv-infected children compared 
to children living with their own families.31-33

The current study describes a large pediatric cohort with a long-term fol-
low-up period, however there were some unavoidable limitations. The first 
limitation was the occasionally incomplete registration of clinical, immu-
nological and virological values, mostly occurring in children born in ssa of 
whom consequent registration generally began when starting treatment in 
one of the Dutch pediatric hiv clinics. In addition, no cd4+ T-cell reference 
values concerning age and ethnicity were available for children older than 10 
years of age.27 Lastly, socioeconomic factors such as immigrant status, insur-
ance policy, household income and home environment were not registered 
by the hiv monitoring foundation, and could therefore not be explored as 
potential confounders of immunological or virological outcome. However, 
the influence of these factors is likely to be inconsequential because in the 
Netherlands health care is provided to all children, irrespective of their social 
or economic background. 

In conclusion, our results give an overview of differences in characteristics 
and outcomes of Dutch hiv-infected children born either in nl or ssa. The 
majority of children born in nl were first-generation immigrants from ssa 
descent. They were diagnosed and treated at an earlier age and in an earlier 
era than children born in ssa and had a higher hiv vl and cd4+ T-cell count 
at diagnosis and cart initiation. Despite this, the long-term immunological 
and virological response to cart was similar for both groups. In contrast to 
adult migrant populations in industrialized countries, our study suggests that 
Dutch hiv-infected children born in ssa do not require enhanced virological 
or clinical monitoring. Interpreting the results of this study in the context of 
other western-European countries should however be done with caution, for 
despite their similar hiv-infected immigrant pediatric populations, health-
care programmes and social security systems of these countries are different 
from the Netherlands. To investigate the generalizability of this study in the 
industrialized world, additional studies in other immigrant hiv-infected 
pediatric populations are needed.
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Abstract
background: Despite the declined incidence of severe neurological com-
plications such as hiv-encephalopathy, hiv-infection in children is still 
associated with a range of cognitive problems. While most hiv-infected 
children in industrialized countries are immigrants with a relatively low 
socioeconomic status (ses), cognitive studies comparing hiv-infected chil-
dren to ses-matched controls are lacking.
methods: This cross-sectional study included perinatally hiv-infected chil-
dren and controls matched for age, gender, ethnicity and ses, who completed 
a neuropsychological assessment (npa) evaluating intelligence, information 
processing speed, attention, memory, executive- and visual-motor func-
tioning. Multivariate normative comparison (mnc) was used to assess the 
prevalence of cognitive impairment in the hiv-infected group. Multivariable 
regression analyses were performed to identify hiv- and combination 
antiretroviral therapy-related factors associated with cognitive performance.
results: In total, 35 perinatally hiv-infected (median age: 13.8 years, medi-
an cd4+ T-cells: 770*106/L, 83% with an undetectable hiv vl) and 37 healthy 
children (median age: 12.1 years) were included. hiv-infected children scored 
lower than the healthy controls on all cognitive domains (e.g. intelligence 
quotient (iq): 76 (sd 15.7) and 87.5 (sd 13.6) for hiv-infected versus healthy 
children; P=0.002). Cognitive impairment was found in 6 hiv-infected 
children (17%). The cdc clinical category at hiv diagnosis was inversely asso-
ciated with verbal iq (cdc C: coefficient -22.98, P=0.010).
conclusion: Our results show that cognitive performance of hiv-infect-
ed children is poor compared with that of ses-matched healthy controls. 
Gaining insight in these cognitive deficits is essential, as subtle impairments 
may progress to more pronounced complications that will influence future 
intellectual performance, job opportunities and community participation of 
hiv-infected children.

Introduction
The incidence of hiv-encephalopathy has declined from 30-50% to less 
than 2% in areas where combination antiretroviral therapy (cart) is widely 
available.1 Nonetheless, studies in industrialized as well as developing coun-
tries still show neuropsychological deficits in hiv-infected children, such 
as a lower intelligence quotient (iq) or poorer visual-motor integration.2-11 
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Increased hiv viral load (vl) and severe immune suppression have been 
negatively associated with cognitive performance in hiv-infected chil-
dren.4,7,12-14 Although a few cohort studies in hiv-infected children suggested 
modest improvements in motor and cognitive functions as a long-term 
result of cart15,16, one study showed persistent cognitive impairment.8 
Understanding the prevalence and etiology of cognitive deficits in hiv-in-
fected children is essential because they may result in more pronounced 
problems, and influence future intellectual performance, job opportuni-
ties and community participation. Moreover, early detection of cognitive 
impairment might trigger intervention and possibly prevent cognitive dete-
rioration in hiv-infected children.

Most neurodevelopmental studies in hiv-infected children included 
heterogeneous patient groups, with different hiv acquisition and duration 
and effectiveness of cart.17 Most reports did not include healthy controls but 
compared hiv-infected children to national standards.7,8,13,14,18 Currently, 
most hiv-infected children in industrialized countries are immigrants of 
lower socioeconomic status (ses) than natives.19,20 Since ses is associat-
ed with cognitive functioning21,22, comparison of hiv-infected children 
to national standards may overestimate the effect of disease on cognitive 
impairment. Some studies included perinatally hiv-exposed but uninfected 
(pheu) children as controls.6,9,10,12 However, despite comparable ses, pheu 
children underperform on neuropsychological tests compared to hiv-un-
exposed children.2,5,23 The studies using healthy children as controls were 
mostly from developing countries2-5,24 or ses-unmatched.11

Studies on cognitive function in cart-treated hiv-infected children 
consistently reported on separately tested cognitive domains, without esti-
mating the prevalence of cognitive impairment. In addition, the multitude 
of cognitive domains inevitably leads to an increased probability of type 1 
errors. In adults, hiv-associated neurocognitive disorders (hand) are often 
classified by the so-called Frascati criteria.25 These criteria are probably over-
sensitive, resulting in high prevalence estimates due to high false-positive 
rates.26,27 Multivariate normative comparison (mnc), a new statistical meth-
od that controls false-positive rates while maintaining sensitivity, has been 
proposed as a promising alternative for the Frascati criteria.27,28

The primary aim of this study was to compare the neuropsychological 
profile of perinatally hiv-infected children in the Netherlands to that of 
matched healthy controls. Secondary aims were to determine the prevalence 
of cognitive impairment, and associations of various hiv- and cart-associ-
ated parameters with cognitive outcomes.
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Patients and Methods
This study was part of the novice study (neurological, cognitive and visual 
performance in hiv-infected children), a cross-sectional study comparing 
perinatally hiv-infected children to healthy matched controls. The ethics com-
mittee of the Academic Medical Center in Amsterdam approved the protocol. 
Written informed consent was obtained from all parents and from children 
age 12 and above.

participants 

From December 2012 until January 2014 we approached all hiv-infected patients  
between 8 and 18 years of age from our outpatient clinic. Healthy controls were 
recruited from schools, sports clubs and churches situated in areas in Amster-
dam, capturing an ethnically diverse population with a lower ses than the 
general Dutch population.29 Exclusion criteria were chronic neurological dis-
eases like epilepsy, intracerebral neoplasms and psychiatric disorders.

Group-wise matching for age, gender, ethnicity and ses was performed. ses  
was determined using parental education and occupational status. Parental 
education was scored according to the International Standard Classification 
of Education (isced). Occupational status was defined as no-, one or two care-
givers with a paid job. 

hiv- and cart-related characteristics 

Historical hiv vl, cd4+ T-cell counts, Center for Disease Control (cdc) clinical 
staging and cart treatment history was derived from the Dutch hiv monitor-
ing foundation database.30 Clinical, immunological and virological data from 
before moving into the Netherlands was registered, and recorded as ‘missing’ 
when not traceable. In the Netherlands, outpatient visits occurred every 3 
months and all data was registered by the Dutch hiv monitoring foundation. 

The time of hiv diagnosis was defined as the first documented positive hiv 
test. vl results were based on assays used between 1995 and 2013 with decreas-
ing detection limits (<1000 copies/mL in 1995 to <40 copies/mL in 2013). An 
undetectable hiv vl was defined as a vl below the detection limit of the assay 
used at that time. The hiv vl at inclusion was determined by the Abbott Real 
Time hiv-1 assay. The peak hiv vl was defined as the highest vl prior to cart 
initiation, or the highest hiv vl due to cart interruption or virological failure. 
To correct for age-related differences, cd4+ T-cell counts were transformed 
into z-scores by subtracting the reference value for age at time of the cd4+ 
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T-cell measurements and dividing this by the age-related sd.31 The nadir cd4+ 
T-cell z-score was the lowest z-score prior to cart initiation or to a maximum 
of 3 months after start cart. We calculated the cumulative time with cd4+ 
T-cell counts below 500 cells (*106/L) by adding all days between two measure-
ments of <500*106/L to half of the days between two measurements with only 
one lower than 500*106/L.

measurements 

One neuropsychologist (jats) performed the neuropsychological assessment  
(npa) using standardized methods. Four subtests of the Wechsler Intelligence 
Scale for Children (wisc)-iii32 or the Wechsler Adult Intelligence Scale (wais)-
iii33 (>16 years of age) were used: Vocabulary, Arithmetic, Block Design, and 
Picture Arrangement. Combinations of wisc and wais tests are frequently 
used in pediatric studies including children ≥16 years of age.34-36 Verbal intel-
ligence quotient (iq) was estimated by vocabulary and arithmetic subtests, 
performance iq was estimated by block design and picture arrangement. The 
full-scale iq was estimated by all subtests. The Processing Speed Index was 
calculated by two subtests of the wisc/wais: Coding and Symbol Search.33 
Part A of the Trail Making Test (tmt) measured processing speed.37 Attention/
working memory was measured with the maximum span on the forwards and 
backwards digit span of the wisc/wais, and the sum of both. The Dutch adap-
tation of Rey’s Auditory Verbal Learning Test (ravlt) assessed verbal memory 
using immediate (sum of trials 1-5) and delayed recall scores.38 Part B of the tmt 
measured executive functioning.34 The Beery-Buktenica Developmental Test 
of Visual-Motor Integration (Beery vmi) assessed visual-motor integration.39

statistical analysis 

Demographic characteristics were compared using the unpaired t-test or the 
Mann-Whitney U test and the χ2 test. npa results of hiv-infected children and 
controls were transformed into T-scores or deciles using age and gender-spe-
cific standards from the manuals. If no standards were available, raw scores 
were reported. Raw scores were log-transformed to achieve a normal distri-
bution for further analyses. Multivariable linear regression analyses adjusting 
for age, gender and parental educational level were performed to investigate 
associations between hiv-status and npa outcomes. To report the strength of 
the difference between the study groups, effect sizes were calculated by divid-
ing the difference in mean scores between the hiv-infected group and the 
healthy controls by the pooled sd of both groups.
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Multivariate normative comparison (mnc) was applied to identify the prev-
alence of cognitive impairment in hiv-infected patients.28 mnc may be seen 
as a multivariate version of Student’s t-test for one sample. Multiple cogni-
tive scores of each subject can be compared against the distributions of the 
same scores of a control sample, taking the covariance between all scores 
into account. The test statistic is the Hotelling’s T2. The mnc method controls 
family-wise error (the probability of making one or more false discoveries) by 
performing only one comparison in a multivariate manner. Thus, a complete 
cognitive profile is compared at once to the norm, rather than comparing each 
test separately. Missing data were imputed as follows: 1) if a participant was 
incapable to complete a test, a score one digit below the lowest score achieved 
in the participants’ group was used; and 2) if a test was missed due to logistical 
reasons, a score equal to the study group’s average was given.

Within the hiv-infected group, multivariable logistic regression models 
were used to explore associations between cognitive impairment and 1) demo-
graphic factors (gender, age, age at time of migration to the Netherlands, 
years in the Netherlands, isced of parent, adoption status), 2) disease-related 
factors (hiv vl , peak hiv vl, duration of a detectable vl, cd4+ T-cell count, 
nadir cd4+ T-cell z-score, duration of cd4+ T-cell count <500*109/L, cdc cat-
egory) and 3) cart-related factors (age at start art, time without art). In a 
second analysis the Hotelling’s T2 statistic was used as the outcome, reflecting 
the degree of cognitive deviation of the hiv-infected participant compared 
to controls. The deviation direction (better or worse cognitive performance) 
was determined using the sum of all z-scores of the participant. Associations 
between demographic-, disease- and therapy related factors were also 
analysed with the separate cognitive domains. Covariates with P<0.2 in uni-
variable analysis were incorporated in the multivariable models. The level of 
significance was set at P<0.05.

Data entry and management was performed using OpenClinica© soft-
ware. Statistical analyses were performed with Stata Statistical Software, 
release 12 (StataCorp lp, College Station, tx, usa).

Results
participant characteristics

Thirty-five hiv-infected and 37 matched healthy children were included (Table 
1, page 70). Of the hiv-infected children, 24 (69%) were immigrants and 11 
(31%) were born in the Netherlands. Most healthy children (95%) were children 
of immigrants born in the Netherlands. The number of children younger than 
the mean age of pubertal onset (10.7 years for girls, 11.5 years for boys) was sim-
ilar in both groups (hiv: n=6 (16.7%); healthy: n=5 (14%): P-value=0.669). The 
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median age of hiv-infected children born abroad at arrival into the Netherlands 
was 4.7 years (iqr 2.6-6.9). Parental education and employment was similar for 
both groups. Special education due to limited learning skills was needed in 1 
healthy child (3%), and 7 hiv-infected children (20%; P-value=0.041), one of 
whom was diagnosed with attention deficit/hyperactivity disorder.

Most of the hiv-infected children (46%) were moderately symptomatic 
(cdc B) when diagnosed. Two were previously diagnosed with hiv-enceph-
alopathy, one with cytomegalovirus encephalitis. Thirty-one children (89%) 
were on cart, 3 (9%) had used cart previously, of who 2 stopped therapy due 
to adherence problems shortly (<6 months) before the study visit and 1 stopped 
therapy at 4 years of age. One child had never been on cart.

cognitive functioning

hiv-infected children performed poorer on all cognitive domains, but partic-
ularly on intelligence, information processing speed and attention/working 
memory. Of note, the healthy group also scored lower as compared to the 
Dutch standard (total iq: 87.5, sd 13.6; Dutch standard: total iq: 100, sd 15; 
P-value<0.001). The distribution of total iq is presented in Figure 1. Of the 
hiv-infected children, 34% had an iq <70 and 49% had an iq between 70 and 89. 

Figure 1. Distribution of total iq scores 

hiv-infected (gray) and age, gender, ethnicity and socioeconomically matched healthy controls (black)

When excluding the three hiv-infected children with previous cerebral hiv- 
related pathology, results were similar yet less pronounced (see Table 2). No 
association of age at arrival in the Netherlands or the number of years in the 
Netherlands with any npa outcomes was found (data not shown).
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multivariate normative comparison

Verbal iq, performance iq, processing speed index, ravlt recalls, digit span, 
tmt A/B and the beery vmi were included as outcome parameters for mnc 
analysis. Data were imputed for 1 digit span (1.4%) and 3 tmt B scores (4%), all 
of hiv-infected children. mnc uncovered six hiv-infected children (17%) with 
cognitive impairment.

Table 1. Participant Characteristics

Demographic characteristics hiv-infected (n=35) Healthy (n=37) p-value

Male gender 17 (49) 18 (49) 0.995

Age at npa 13.8 (12.2-15.9) 12.1 (11.5-15.9) 0.149

Ethnicity Black 28 (80) 28 (75) 

0.385
Mixed black 4 (11) 6 (16)

Caucasian 0 (0) 3 (8)

Other 3 (9) 0 (0)

Length (meters) 1.5 (1.4-1.6) 1.6 (1.5-1.6) 0.252

Weight (kg) 44 (40-56) 48 (39-59)) 0.210

Body Mass Index (kg/m2) 18.6 (17.3-21.6) 19.6 (17.1-22.0) 0.770

Country of birth Netherlands 11 (31) 35 (95)

<0.001*
Sub Saharan Africa 18 (51) 2 (5)

Suriname 2 (6) 0 (0)

Other 4 (12) 0 (0)

Age arrived in the Netherlands (y) 2.2 (0-6.2) 0 (0-0) <0.001*

Care setting One parent 22 (63) 25 (68)

0.566Two parents 12 (34) 12 (32)

Other 1 (3) 0 (0)

Adoption Not adopted 25 (71) 37 (100)

0.002*Adopted 3 (9) 0 (0)

Foster Care 7 (20) 0 (0)

Education child Primary School 10 (29) 19 (51)

0.041*
High school 13 (38) 14 (38)

Special school 7 (20) 1 (3)

Other 5 (14) 3 (8)

Home Language Dutch 20 (57) 32 (86)

0.002*Dutch + 1 other 14 (40) 2 (5)

No Dutch 1 (3) 3 (8)

Quality of Dutch 
language~

Good 23 (66) 34 (92)
<0.001*

Acceptable 12 (34) 3 (8)

Age parent^ 43.7 (34.6-51.0) 43.3 (40.3-45.9) 0.791
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Country of birth (m/f ) Netherlands 1 (3)/ 4 (12) 6 (16)/ 8 (22)

<0.001*
Sub Saharan Africa 26 (75)/ 19 (58) 8 (22)/ 5 (14)

Suriname 3 (9)/ 4 (12) 19 (51)/ 20 (54)

Other 5 (15)/ 6 (18) 4 (11)/ 4 (11)

Marital status Married 10 (29) 9 (24)

0.840Divorced or single 24 (69) 27 (73)

Other 1 (3) 1 (3)

isced educational level parent^^ 5 (4-6) 5 (5-6) 0.245

One parent employed 19 (58) 25 (68) 0.388

Two parents employed 6 (21) 9 (24) 0.727

hiv- and cart related characteristics

Clinical

Age at hiv diagnosis (y) 2.3 (0.6-4.9) - -

cdc category N 4 (11) - -

A 6 (17) - -

B 16 (46) - -

C 9 (26) - -

Cerebral hiv/aids 3 (9)◊ - -

cd4+ t-cells and hiv viral load

Zenith hiv viral load (log copies/mL) (n=31) 5.5 (5.1-5.9) - -

Nadir cd4+ z-score (n=33) -1.0 (-1.4- -0.5) - -

hiv viral load at npa Detectable 6 (17) - -

Undetectable 29 (83) - -

cd4+ t-cell count at npa (*106/L) 760 (580-980) - -

cd4+ z-score at npa -0.1 (-0.3-0.2) - -

Time living with a detectable viral load (y) 2.4 (1.4-5.8) - -

Time with cd4+ t-cell count <500 (*106/L) (mo)∩ 37.6 (11.0-94.1) - -

cart

Age at cart initiation (y) (n=31) 2.6 (1.0-6.0) - -

Current cart use 31 (89%) - -

Duration cart use (y) 11.1 (6.2-14.0) - -

hiv diagnosis to cart initiation (mo) 3.3 (1.2-11.3) - -

Mono- or dual therapy treatment before cart 3 (8) - -

hiv=Human Immunodeficiency Virus. npa= Neuropsychological assessment. (m)=meters. 
(kg)=kilograms. (y)=years. (mo)= months. (m/f )= mother/father. isced: International Standard 

Classification of Education. cart=combination antiretroviral therapy. cdc= Center for Disease Control 
and Prevention. Values are N (%) or median (iqr). ~: Quality of Dutch language was estimated by the 

neuropsychologist (jatS). Acceptable= acceptable for completing npa. ̂ : Parent who filled out the 
questionnaire on demographic characteristics. ̂ ^: Most educated parent. ◊: hiv-encephalopathy (n=2) 

and cmv encephalitis (n=1). ∩: For 31 out of 35 hiv-infected children (82%) cd4+ t-cell counts before cart 
initiation were available. For 2 children we had first cd4+ t-cell counts from 1 month after cart initiation, 

and for 2 children data from 3.2 and 4.8 years after cart initiation onwards.*: p-value<0.05.
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Table 2. Test values per cognitive domain in all study participants.

Cognitive domains

hiv-infected Healthy

d p-value˚
 

p-value˚˚N Mean sd Range N Mean sd Range

Intelligence

Verbal iq 35 77.9 15.7 54-112 37 89.6 13.6 53-117 0.8 0.003* 0.008*

Performance iq 35 78.1 15.5 54-123 37 86.5 16.2 55-123 0.5 0.030* 0.082

Total iq 35 76.0 15.7 51-118 37 87.5 13.6 63-120 0.8 0.002* 0.008*

Information processing speed
Processing speed 
index 35 86.6 14.9 60-136 37 96.5 16.2 65-143 0.6 0.017* 0.041*
tmt a speed score 
(log sec)^ 35 1.66 0.22 20-187 37 1.58 0.16 17-93 0.4 0.009* 0.035*

Attention/working memory
Digit span scaled 
score 34 7.6 3.2 1-13 37 10.0 2.6 5-16 0.8 0.002* 0.005*
Digit span 
forwards^ 34 7.7 1.9 4-13 37 8.7 1.6 6-13 0.6 0.007* 0.017*
Digit span 
backwards^ 34 4.1 1.6 0-8 37 4.9 1.6 2-8 0.5 0.022* 0.030*

Visual-motor function
Beery vmi  
standard score 35 78.0 16.7 44-117 37 86.6 13.6 44-119 0.6 0.048* 0.052

Beery vmi t-score 35 34.3 13.7 0-61 37 40.7 10.3 0-63 0.1 0.054 0.059

Memory
ravlt immediate 
recall^ 35 40.1 11.2 19-60 37 44.4 7.5 27-60 0.5 0.043* 0.125
ravlt delayed 
recall^ 35 8.5 3.5 0-15 37 9.2 2.1 4-12 0.2 0.230 0.429

Executive functioning
tmt b speed score 
(log sec)^ 32 2.04 0.22 32-366 37 1.95 0.21 39-372 0.4 0.023* 0.106

sd=Standard Deviation. d=Cohen’s d (effect size) (<0.2=small, 0.2-0.8=medium, >0.8=large).  
iq: Intelligence quotient. tmt: Trail Making Test. Beery vmi: Beery-Buktenica developmental test  
of visual-motor integration. ravlt: Rey’s auditory verbal learning test. ̂ : raw score. Sec: seconds.  

˚: p-value adjusted for age at assessment, gender and parents’ educational level (isced).  
˚˚: p-value adjusted for age at assessment, gender and parents’ educational level (isced), excluding  

the 3 children with previous cerebral hiv-related pathology  *: p-value<0.05. 
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Table 3. Univariable analysis of overall cognitive impairment and the Hotelling’s t2 statistic

Cognitive Impairment (mnc) Hotelling’s t2

Coeff p-value Coeff p-value

Disease severity markers

hiv viral load at npa 35 0.4159 0.318 -0.0682 0.779

Undetectable 29 - - - -

Detectable 6 -0.0408 0.973 0.3047 0.610

Peak hiv viral load (log copies/mL) 31 0.9697 0.217 -0.1588 0.688

Duration with detectable hiv viral load (y) 35 -0.0280 0.855 -0.0577 0.439

cd4+ t-cell z-score at diagnosis 30 -0.8013 0.335 -0.1395 0.638

cd4+ t-cell z-score at npa 35 -1.2348 0.278 0.5897 0.160

Nadir cd4+ t-cell z-score 33 -0.5369 0.519 -0.3926 0.305

Duration with cd4+ t-cell count  
<500 (*106/L) 35 0.1606 0.531 -0.1996 0.160

Clinical markers

cdc category

N 4 - - - -

A 6 16.1645 0.996 0.6676 0.412

B 16 15.8280 0.997 -0.0809 0.908

C 9 17.0806 0.996 -0.9532 0.212

Therapy-related markers

Age at start cart 32 -0.1471 0.359 0.0385 0.578

Years without cart (%) 32 -0.0112 0.534 0.0043 0.622
 

mnc=Multivariate Normative Comparison. hiv=Human Immunodeficiency Virus. npa= Neuropsychological 
assessment. (y)=years. (m)= months. cdc= Center for Disease Control and Prevention. cart=combination 

antiretroviral therapy. Univariable analysis showed no associations with gender, age, isced educational level 
of parent or adoption status.

hiv-associated factors

Logistic regression analysis detected no associations with cognitive impair-
ment as determined by mnc, or using the mnc continuous summary measure 
of cognitive functioning (Hotelling’s T2 statistic) (Table 3).

We did detect associations between hiv-related factors and a small number 
of separate cognitive domains. There was a weak trend towards an association 
between cdc stage C and a lower total iq (coefficient -14.87, P=0.117), largely 
explained by the verbal iq, showing an inverse association with the cdc C cat-
egory (coefficient -22.98, P=0.010) (Table 4).
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Table 4. Multivariable analysis of total and verbal iq in hiv-infected children.

Disease severity markers        

hiv viral load at npa 35 2.6730 0.356 - - 2.5916 0.373 - -

 Undetectable 29 - - - - - - - -

 Detectable 6 12.6379 0.071 9.0292 0.213 13.3448 0.057 8.9242 0.179

Peak hiv viral load 
(log copies/mL) 31 0.3944 0.929 - - -4.0400 0.350 - -

Duration with detectable 
hiv viral load (y) 35 -0.1456 0.871 - - 0.2022 0.823 - -

cd4+ t-cell z-score  
at diagnosis 30 -1.5573 0.651 - - 1.9023 0.571 - -

cd4+ t-cell z-score at npa 35 -0.9829 0.847 - - 0.7464 0.884 - -

Nadir cd4+ t-cell z-score 33 -2.6686 0.563 - - 1.8899 0.684 - -

Duration with cd4+ t-cell 
count <500 (*106/L) 35 -2.4719 0.147 -1.9893 0.246 -2.9777 0.080 -2.5601 0.106

Clinical markers          

cdc category          

 N 4 - - - - - - - -

 A 6 -5.0833 0.611 -7.75475 0.437 -12.7500 0.180 -15.9630 0.086

 B 16 -11.8750 0.176 -11.2547 0.191 -19.9375 0.019 -19.3077 0.018*

 C 9 -17.1944 0.072 -14.8654 0.117 -25.3056 0.006 -22.9822 0.010*

Therapy-related markers 

Age at start cart 32 0.6792 0.399 - - 0.4596 0.567 - -

Years without cart (%) 32 0.1115 0.266 - - 0.1118 0.261 - -
 

uva= Univariable analysis. mva= Multivariable analysis. hiv=Human Immunodeficiency Virus. npa= 
Neuropsychological assessment. (y)=years. (m)= months. cdc= Center for Disease Control and Prevention. 

cart=combination antiretroviral therapy. Univariable analysis showed no associations with gender, age, 
isced educational level of parent or adoption status. *p-value <0.05 in multivariable analysis. 

 
Exclusion of the three children with previous intracerebral hiv-related pathol-
ogy did not alter these findings (cdc C: coefficient -22.21, P=0.026). A trend 
was seen between cdc C and the ravlt immediate recall (coefficient=-15.31, 
P=0.084). No associations were found between any hiv-related factors and 
performance iq, processing speed index, digit span, beery vmi, and the tmt 
A or B speed. In addition, no associations were found with gender, age, educa-
tional level of parent, or adoption status.

Total iq Verbal iq

uva mva uva mva

Coeff p-value Coeff p-value* Coeff p-value Coeff p-value
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Discussion
In this study, we demonstrated that cognitive performance of perinatally 
hiv-infected children was poorer as compared to age, gender, ethnicity- and 
ses-matched healthy controls. Importantly, this study addresses the con-
founding influence of ses on cognitive performance in children with hiv. 
Also, we identified 17% of the hiv-infected children being cognitively impaired 
by using mnc, a novel method that allows comparison of multiple cognitive 
scores of single subjects against the distributions of the same scores of a con-
trol sample.

More specifically, hiv-infected children had an 11-point lower total iq 
compared to controls, consistent with the majority of studies from both indus-
trialized5,8 and developing countries.2,3,4 Of note, the ses-matched controls 
scored below the average of the Dutch norm population. Within our hiv-in-
fected group, an inverse association was detected between verbal and total iq 
on the one hand and having cdc C disease on the other hand, analogous to 
studies from the United States where cognitive impairment was detected only 
in hiv-infected children with previous aids-defining events.6,12 Verbal iq was 
particularly affected in our hiv-infected subjects. Language impairment has 
been reported in hiv-infected children, also when clinically stable on cart2,9, 
although one study -again using pheu children as controls- detected no differ-
ences in verbal capacities.10 The lower processing speed index of hiv-infected 
children was also in accordance with previous studies12,40, as was the poorer 
working memory and visual-motor integration.2,4,6,11,12,18

The prevalence of cognitive impairment as detected by mnc was 17% in the 
hiv-infected group. Up until now, no pediatric studies have used more than 
one cognitive domain to calculate the prevalence of cognitive impairment in 
hiv-infected children. Studies in hiv-infected children predominantly report-
ed the prevalence of low intellectual functioning, and often referred to this as 
cognitive impairment. The reported prevalences were variable: 10-24% had an 
iq<702,12-13,41 and 37-55% with an iq between 70-89.2,8,13 Our study identified a 
comparable 49% of hiv-infected children with an iq between 70 and 89 and a 
higher prevalence of 34% with an iq<70. However, as the complete cognitive 
profile is also formed by other domains such as memory, processing speed, 
visual-motor and executive functioning, we aimed to report a prevalence of 
overall cognitive impairment using mnc.

In hiv-infected adults, it is common to assess the prevalence of cognitive 
impairment using multiple domains with the Frascati criteria, and reported 
prevalences vary widely between 15-69%.25,42,43 However, since concerns have 
been raised on potentially high false positive rates of cognitive impairment 
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in hiv-infected individuals when using the Frascati criteria, we used the mnc 
method.44 The lack of associations between hiv-related factors and cognitive 
impairment (by mnc) may be due to the small sample size. Larger studies in 
children would be needed to further assess the value of mnc and detect poten-
tial hiv-related factors associated with cognitive impairment.

In this study, differences between hiv-infected and healthy children were 
smallest in the memory and executive functioning domains. Memory and 
executive functioning deficits have been reported as main cognitive defi-
cits in hiv-infected adults.45 The discrepancy between children and adults 
may be related to fundamental differences between perinatally hiv-infected 
children and hiv-infected adults, in whom hiv neuroinvasion occurs long 
after neuronal development has ended.46 However, memory and especially 
executive function are understudied in hiv-infected children, and a direct 
comparison between children and adults is not feasible due to the differences 
in assessment. 

Although a key strength of this study is the inclusion of a comparable 
healthy, hiv-unaffected, ethnicity- and ses-matched control group, it has 
its limitations. A lower proportion of hiv-infected children were born in the 
Netherlands, and the estimated quality of the Dutch language was poorer. 
Although test results where Dutch capacity was the main hindrance to com-
plete the test were excluded, verbal iq results may still have been influenced 
by poorer language ability of the hiv-infected children. However, language 
was not used as a co-variate in the regression models, because previous neu-
rocognitive comparative studies between hiv-infected patients and controls 
from similar countries of origin reported highly significant differences in 
language ability, indicating that a poorer language ability may also be an 
adverse outcome in hiv-infected children.2,9 To adjust for the difference in 
Dutch capacity, we incorporated the age of arrival and the number of years 
in the Netherlands, yet detected no associations between these factors and 
cognitive outcome. Another factor related to differences in countries of origin 
is the occurrence of malnutrition in sub-Saharan Africa.47 Early malnutrition 
is negatively associated with cognitive functioning, even when compensated 
with adequate nutrition.48 Although our study participants had similar growth 
parameters, early malnutrition may have confounded the effect of hiv on cog-
nitive performance. Last, one third of the hiv-infected children were adopted 
or in foster care. Our information of the circumstances these children were 
exposed to was scarce and may have impacted their cognitive performance. 
Nonetheless, no associations were found between adoption status and cogni-
tive domains within the hiv-infected group. Overall, the limited sample size 
may have hampered the detection of demographic, hiv- or cart related asso-
ciations with cognitive performance.
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In conclusion, our results suggest that despite adequate treatment, cognitive 
performance of hiv-infected children remains poor as compared to healthy, 
matched controls. Children with a cdc category C diagnosis seem most 
affected even when hiv-undetectable and clinically stable for years, which 
emphasizes the importance of early diagnosis and treatment for preventing 
progress of hiv-disease in children. 
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long-term outcomes of children treated for hiv-infection

Abstract
background: The current study aims to evaluate the neurological state of 
perinatally hiv-infected children on combination antiretroviral therapy 
(cart), and to attain a better insight in the pathogenesis of their persistent 
neurological and cognitive deficits.
methods: We included perinatally hiv-infected children between 8-18 years 
and healthy controls matched for age, gender, ethnicity, and socioeconomic 
status (ses). All participants underwent a 3.0 Tesla mri with 3D-T1-weighted, 
3D-flair and diffusion-weighted series for the evaluation of cerebral vol-
umes, white matter hyperintensities (wmh) and white matter (wm) diffusion 
characteristics. Associations with disease-related parameters and cognitive 
performance were explored using linear regression models.
results: We included 35 cases (median age: 13.8 years) and 37 controls (medi-
an age: 12.1 years). A lower gray matter (gm) and wm volume, more wmh, and 
a higher wm diffusivity were observed in the cases. Within the hiv-infected 
children, a poorer clinical, immunological and virological state were negative-
ly associated with volumetric, wmh and diffusivity markers.
conclusions: In children with hiv, even when long-term clinically and viro-
logically controlled, we found lower brain volumes, a higher wmh load and 
poorer wm integrity as compared to matched controls. These differences occur 
in the context of a poor cognitive performance in the hiv-infected group, and 
larger, longitudinal studies are needed to increase our understanding of the 
pathogenesis of cerebral injury in perinatally hiv-infected children.

Introduction
Despite the declined incidence of neurological complications such as hiv-
encephalopathy since the introduction of cart, perinatally hiv-infected 
children still present with neurological and cognitive deficits.1

mri studies have detected cortical atrophy, white matter hyperintensities 
(wmh) and basal ganglia calcifications in hiv-infected adults, including 
in those with suppressed viremia on treatment.2,3 Pre-cart neuroimaging 
studies in children showed comparable cerebral abnormalities, however mri 
studies in perinatally hiv-infected children using cart are scarce.4,5 One study 
detected no cortical atrophy, and white matter (wm) atrophy only in specific 
areas such as the corpus callosum and external capsule.6 Another found wmh 
in 50% of children, however all had suspected hiv-related brain disease.7 Lastly, 
one study detected a poor wm integrity in hiv-infected children, analogous to 
adults, but these children were all cart-naïve with slow disease progression.8 
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These findings are thought to be caused by various pathophysiological mecha-
nisms, including early hiv-related damage, ongoing immune activation, and 
cart-toxicity.9 In perinatally hiv-infected children, central nervous system 
(cns) invasion of hiv occurs in the first three weeks of life9, which is among the 
most important reasons why research concerning their persistent neurologi-
cal problems is essential. However, studies investigating these mechanisms 
in relation to imaging and cognitive parameters, particularly in perinatally 
hiv-infected children, are very limited.

Recently, we found a poorer cognitive performance in a study comparing 
perinatally hiv-infected children to age, gender, ethnicity and socioeconomi-
cally matched healthy controls.10 The current study focuses on mri differences 
between these groups, and will explore the potential pathophysiological mech-
anisms underlying them.

Patients and Methods
Standard Protocol Approvals, Registrations and Patient Consents. The ethics 
committee of the Academic Medical Center (amc) in Amsterdam approved the 
study protocol. Informed consent was obtained from parents and from chil-
dren age 12 and above.

participants

From December 2012 until January 2014 we approached all perinatally hiv- 
infected patients between 8 and 18 years of age attending our outpatient clinic. 
Healthy controls were recruited as described previously.10 We determined the 
hiv-status of controls by the Diasorin® Liaison hiv-1-antigen/antibody test. 
Exclusion criteria were chronic (non-hiv associated) neurological diseases 
such as seizure disorders, (history of ) intracerebral neoplasms, traumatic 
brain injury, psychiatric disorders and mri contraindications such as metal 
implants or claustrophobia.

Controls were matched for age, gender, ethnicity and socioeconomic 
status (ses). Matching for ses, determined using parental educational level 
and occupational status, was done to account for its effect on cognitive per-
formance.11 Parental education was scored according to the International 
Standard Classification of Education (isced). Disease- and therapy-related 
parameters were collected from the Dutch hiv monitoring foundation data-
base (www.hiv-monitoring.nl). A full description of these parameters was 
previously published.10
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mri data acquisition

All images were acquired on a 3.0 Tesla mri scanner (Intera, Philips Health-
care, Best, the Netherlands) equipped with a 16-channel phased array 
head coil. Stabilizing subjects with foamed material inside the head coil 
restricted head motion. An experienced neuroradiologist examined all 
images for coincidental findings, and detected one hiv-infected patient 
with an Arnold-Chiari malformation, and one control with a retrocerebel-
lar cyst. As these were minor conditions, these children were not excluded.  
Structural 3D T1-weighted images were acquired using magnetization pre-
pared rapid acquisition gradient echo (mp-rage) (repetition time (tr) = 7.0 
ms; echo time (te) = 3.18 ms; inversion time (ti) = 900 ms; flip angle = 9°; field of 
view (fov) = 256 mm × 256 mm2; 180 slices). Three-dimensional (3D) fluid-at-
tenuated inversion recovery (flair) visualized wmh in periventricular and 
deep wm (tr/te=4800/356 ms; ti=1650 ms; fov 240x240 mm2; 321 over-con-
tiguous sagittal slices of 0.56 mm thickness; 1 x 1 mm2 in-plane resolution). dti 
parameters were acquired using spin echo single shot echo-planar imaging 
along 64 directions with b=1000 s/mm2 and 4 averages with b=0 s/mm2 (tr 
9476 ms, te 92 ms, fov 224 × 224 mm, voxel size 2.0 mm3 isotropic).

mri data processing

Data were anonymized prior to analysis. Processing was performed using 
in-house developed software, written in Matlab (The MathWorks, Natick, 
ma) and was executed on the Dutch Grid, using a web-interface to the e-Bio-
infra gateway.12 T1-weighted images were segmented using Freesurfer Image 
Analysis suite v5.0.13 All segmentations inaccuracies were manually checked. 
Participants with excessive head movements were excluded.

flair images were processed using a semi-automatic technique. After 
bias-field correction, a mask (Mask 1) for wmh was created by intensity thresh-
olding using individually determined intensity thresholds on the level of the 
quadrigeminal plate. A second mask (Mask 2) was created by manual gross 
contouring of wmh. The final mask (intersection of mask 1 and 2) was created 
using fslmaths, manually inspected and corrected to serve as the wmh map 
for volume calculation.

For dti images, head motion and deformations induced by eddy cur-
rents were corrected for by an affine registration of the Diffusion Weighted 
Images (dwis) to the non-diffusion weighted image. Gradient directions were 
corrected by the rotation component of the transformation. The dwis were 
resampled isotropically. Rician noise in the dwis was reduced by an adaptive 
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noise filtering method.14 Diffusion tensors were estimated in a non-linear least 
squares sense. From the tensors, Fractional Anisotropy (fa), Mean Diffusivity 
(md), Axial Diffusivity (ad) and Radial Diffusivity (rd) maps were computed. 
Whole brain wm averaged dti-measures were computed by averaging over 
the entire skeleton.

A voxel-wise statistical analysis of the dti data was performed using tract 
based spatial statistics (tbss) implemented in the fmrib Software Library 
4.1.6 (University of Oxford, uk).15 All fa data were aligned into a common space 
using the nonlinear registration tool fnirt, which uses a b-spline represen-
tation of the registration warp field.16 The mean fa image was created and 
thinned to create a mean fa skeleton, which represents the centers of all tracts 
common to the group. Each subject’s aligned fa data was then projected onto 
this skeleton and the resulting data fed into voxel-wise cross-subject statistics.

We pair-wise assessed group differences for fa, ad, rd and md using age, 
gender and icv as covariates by means of randomise, a tbss statistical tool 
that computes non-parametric permutations using the generalized linear 
model. We reported significant values at P-value<0.05, using threshold-free 
cluster enhancement (tfce).17 The number of permutations was set to 500. 
The principal wm tracts were identified in the John Hopkins University wm 
probabilistic tractography- and icbm wm label atlases.18

neuropsychological assessment

On the same day as the mri-scan, all participants underwent a comprehensive 
neuropsychological assessment (npa) evaluating intelligence, information 
processing speed, attention, memory, executive function, and visual-motor 
function. A full description of the methods and results of this npa was previ-
ously published.10

statistical analysis

Data entry and management was performed using OpenClinica© software. 
Statistical analyses were carried out using Stata Statistical Software, release 
12 (StataCorp lp, College Station, tx, usa). Demographic characteristics were 
compared between groups using the unpaired t-test or the Mann-Whitney U 
test and the χ2 test. Values of brain volumes, wmh and dti parameters were 
compared between groups using regression analyses adjusted for gender, age 
and intracranial volume (icv), and additionally for total gm in the wmh model 
as there is a known association between cortical volume and wmh.19 Effect 
sizes were calculated by dividing the difference in mean scores between both 
groups by their pooled sd.
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Associations between disease-related parameters and mri results (total gm 
and wm volume, md and fa) were investigated using multivariable linear 
regression models adjusted for age and gender. Volumetric outcomes were 
additionally adjusted for icv. We explored associations between mri parame-
ters and those neuropsychological domains most impaired in the hiv-infected 
group (total intelligence quotient (iq), processing speed index and attention 
span)10 using linear regression models adjusted for age. npa and mri were 
always performed on the same day.

Results
participant characteristics

In total, 35 hiv-infected and 37 matched healthy children were included. Four 
hiv-infected children were excluded from mri examination due to dental 
braces or claustrophobia. Demographic and disease-related characteristics 
are shown in Table 1. 

Table 1. Participant characteristics 

Demographic characteristics hiv-infected (n=31) Healthy (n=37) p-value

Male gender 16 (52) 18 (49) 0.808

Age at mri 13.4 (11.4-15.9) 12.1 (11.5-15.9) 0.263

Ethnicity Black 25 (81) 28 (76) 

0.405
Mixed black 4 (13) 6 (16)

Caucasian 0 (0) 3 (8)

Other 2 (6) 0 (0)

Country of birth Netherlands 11 (36) 35 (95)

<0.001*
Sub Saharan Africa 15 (48) 2 (5)

Suriname 2 (6) 0 (0)

Other 3 (10) 0 (0)

Age arrived in the Netherlands (y) 0.8 (0-4.7) 0 (0-0) <0.001*

Care setting One parent 22 (63) 25 (68)
0.762

Two parents 9 (29) 12 (32)

Adoption Not adopted 25 (71) 37 (100)

0.002*Adopted 3 (10) 0 (0)

Foster Care 6 (19) 0 (0)

Education child Primary School 9 (29) 19 (51)

0.035*
High school 13 (32) 14 (38)

Special school 7 (23) 1 (3)

Other 5 (16) 3 (8)
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Country of birth (m/f ) Netherlands 1 (3)/ 4 (13) 6 (16)/ 8 (22)

<0.001*
Sub Saharan Africa 23 (74)/ 16 (52) 8 (22)/ 5 (14)

Suriname 3 (10)/ 4 (13) 19 (51)/ 20 (54)

Other 4 (13)/ 5 (16) 4 (11)/ 4 (11)

Parental marital status Married 7 (23) 9 (24)

0.706Divorced or single 24 (77) 27 (73)

Other 2 (6) 1 (3)

isced educational level^^ 5 (4-6) 5 (5-6) 0.791

One parent employed 16 (53) 25 (68) 0.234

Two parents employed 4 (15) 9 (24) 0.388

hiv- and cart related characteristics

Clinical

Age at hiv diagnosis (y) 1.2 (0.6-4.9) - -

cdc category N 4 (13) - -

A 5 (16) - -

B 13 (42) - -

C 9 (29) - -

Cerebral hiv/aids◊ 3 (10)◊ - -

cd4+ t-cells and hiv viral load

Peak hiv viral load (log copies/mL) 5.5 (5.1-5.9) - -

Nadir cd4+ z-score -0.7 (-1.5- -0.4) - -

hiv viral load at mri Detectable 4 (13) - -

Undetectable 27 (87) - -

cd4+ t-cell count at mri (*106/L) 800 (590-1030) - -

Time living with a detectable viral load (y) 2.8 (1.4-6.4) - -

Time living with cd4+ t-cell count <500 (*106/L) (y) 0.6 (0.4-3.1) - -

cart

Age at cart initiation (y) 2.2 (0.9-5.2) - -

Current cart use 28 (90%) - -

Duration cart use (y) 11.8 (7.7-14.5) - -

Mono- or dual therapy treatment before cart 3 (10) - -

mris of good quality for assessment 

MPRAGE 27 (87) 37 (100) -

flair 26 (84) 34 (92) -

dti 28 (90) 36 (97) -
 

hiv=Human Immunodeficiency Virus. (y)=years. (m)= months. (m/f )= mother/father. isced: International 
Standard Classification of Education. cart=combination antiretroviral therapy. cdc= Center for Disease 

Control and Prevention. Values are expressed ad N (%), median (iqr) or as mean ± standard deviation (sd).   
*: Most educated parent. †: hiv-encephalopathy (n=2) and cmv encephalitis (n=1). p-values in bold are <0.05. 
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None of the study participants suffered from depression, used anti-depres-
sants or any other psychiatric treatment. None of the controls had a positive 
hiv-test.

Of the hiv-infected children, 46% had been diagnosed with a moder-
ate hiv-infection (cdc B). Two children were previously diagnosed with 
hiv-encephalopathy, and one with cytomegalovirus encephalitis. The latter 
was excluded from all analyses. Twenty-eight children (90%) were on cart 
at inclusion, of whom 27 had suppressed viremia (94%). Two children had 
stopped therapy for personal reasons within 6 months before inclusion, and 
one child had never been on cart. The latter was not excluded, however a sen-
sitivity analysis without the cart-naive child did not alter the results (data not 
shown). hiv-infected children were infected with a wide variety of hiv-sub-
types (see Table 2).

Table 2. hiv subtypes in hiv-infected participants 

hiv-infected children (N=35)

Clade N %

A1 4 11

B 6 17

C 9 26

D 1 3

G 1 3

crf01-ae 1 3

crf06-cpx 1 3

crf02-ag 5 14

Unknown 7 20
 

volumetric analysis

Good quality T1-weighted images were obtained in 27 hiv-infected children 
(87%), and 37 controls (100%). The hiv-infected group had lower cortical and 
total gm volume and a lower wm volume (Table 3). We observed a positive 
trend between wm volume and age (coefficient=3.5, P-value=0.112), which 
was predominantly driven by an association in controls (coefficient=6.16; 
P-value=0.037), but not in cases (coefficient=2.1; P-value=0.529). We found no 
specific regions where gm or wm volume differences were more pronounced.
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Table 3. Comparisons of regional brain volumes, wmh volumes and dti parameters between hiv-infected 
and healthy children. 

mri sequence Intracranial structure

hiv-infected Healthy

Coeff 95 % ci p-value* esMean sd Mean sd

T1-weighted

Total white matter 424 51 444 49 -175 -348 to-2 0.047 0.3

Cortical grey matter 182 17 194 14 -121 -182 to -60 <0.001 0.8

Total grey matter 667 58 700 75 -266 -517 to -16 0.037 0.5

Cerebrospinal fluid 1.34 0.41 1.21 0.20 1.31 -0.2 to 2 0.078 0.5

flair wmh volumes 1.34 1.23 0.35 0.79 0.98 0.42 to 1.53 0.001 0.9

dti

fa 0.42 0.03 0.43 0.02 -0.01 -0.03 to -0.001 0.030 0.4

md 0.79 0.03 0.77 0.02 0.25 0.15 to 0.36 <0.001 1.2

rd 0.60 0.03 0.57 0.03 0.27 0.13 to 0.41 <0.001 1

ad 1.19 0.03 1.17 0.02 0.22 0.10 to 0.35 0.001 0.8
 

3d-t1=Structural T1-weighted image. flair=Fluid-attenuated inversion recovery. dti=Diffusion Tensor 
Imaging. fa=fractional anisotropy. md=mean diffusivity. rd=radial diffusivity. ad=axial diffusivity. Mean/

sd values for flair measures in cm3. md/rd/ad-values are x103. es=Effect sizes (small: <0.2, medium: 0.2-0.8, 
large: >0.8). *p-values are adjusted for gender, age and intracranial volume.

white matter lesions

Good quality flair images were obtained in 26 hiv-infected (84%) and 34 con-
trols (92%). wmh were seen in 16 cases (59%, mean volume: 2.2 log cm3, sd 0.7, 
range 1.2-3.9) and 6 controls (18%, mean volume: 2.0 log cm3, sd 0.3, range 1.5-
3.9) (P-value<0.001). wmh were found in both the juxtacortical and deep wm, 
and were not detected in specific cerebral lobes (Figure 1).

Figure 1. Distribution of white matter hyperintensities 

a: hiv-infected children (N=16, 59%; mean volume=2.2 cm3, sd=0.7, range 1.2-3.9) 
b: Healthy controls (N=6, 18%; mean volume=2.0 cm3, sd=0.3, range=1.5-3.9)
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white matter microstructure

Good quality dti images were available from 28 cases (90%) and 36 controls 
(97%). md, rd and ad were higher (all P-values≤0.001) and fa was lower in 
cases (P-value=0.030) (Table 3). Masking out wmh did not alter these results.20 
Whole brain tbss showed a significantly higher md, rd and ad in cases, with 
widespread effects throughout the brain (Figure 2). With tbss, no difference in 
fa was found (P-value=0.20).

Figure 2. Diffuse pattern of increased mean diffusivity 
 in hiv-infected children as compared to healthy controls.

 

p-value<0.05, threshold-free cluster enhancement (tfce)-corrected.  
Significantly different voxels on the skeleton are projected on the average Fractional Anisotropy.

associations with hiv and cart-related factors

Within the cases, we explored associations between disease-related factors 
and mri parameters (Table 4). A higher zenith hiv viral load was associated 
with a lower fa (coefficient -1.77, P-value=0.041). fa was positively associat-
ed with a higher nadir cd4 z-score (coefficient 1.29, P-value=0.033). A longer 
time with low cd4+ T-cell counts was associated with a lower total gm volume 
(coefficient -12.73, P-value=0.014). A poorer cdc clinical state (B or C) was asso-
ciated with a lower total wm volume (cdc B: coefficient -48.42, P-value=0.006, 
cdc C: coefficient -45.89, P-value=0.019). No associations were found between 
hiv-subtypes and mri-outcome parameters (data not shown).

associations with cognitive performance

In all study participants, total gm and wm volumes were positively asso-
ciated with total iq (gm: coefficient 0.07, P-value=0.009; wm: coefficient 
0.11, P-value=0.002). md was inversely associated with iq (coefficient -1.63, 
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P-value=0.038). Higher gm and wm volumes were associated with a higher 
processing speed (gm: coefficient 0.06, P-value=0.020; wm: coefficient 0.09, 
P-value=0.023). md was associated with a lower digit span score (coefficient 
-0.38, P-value=0.021) and increased fa was associated with a higher digit span 
(coefficient 0.34, P-value=0.025) (Table 5). In the hiv-infected group alone, 
coefficients were similar but associations were not significant, apart from the 
total wm volume and iq (coefficient 0.11, P-value=0.029) (Table 5 and Figure 3 
and 4).

Table 4. Associations between hiv and cart-related factors and mri outcomes.

 

Total Gray 
Matter Volume

Total White 
Matter Volume

White Matter 
Hyperintensities

Mean 
Diffusivity

Fractional 
Anisotropy

n Coeff p-value Coeff p-value Coeff p-value Coeff p-value Coeff p-value
hiv viral 
load zenith  
(log cop/mL)

30 -27.52 0.053 -22.08 0.116 -0.91 0.115 0.38 0.657 -1.77 0.041*

Time hiv 
viral load 
detectable (y)

34 -3.22 0.310 2.36 0.439 0.00 0.992 -0.29 0.091 -0.04 0.860

cd4 z-score 
nadir (sd) 29 7.76 0.466 10.72 0.317 -0.29 0.341 -0.90 0.061 1.29 0.033*

Time cd4 + 
t-cells <500 
 x 106/L (m)

34 -12.73 0.014* -7.03 0.074 0.23 0.905 0.15 0.629 -0.66 0.067

Clinical marker

cdc clinical  
category

n/a 10 - - - - - - - - - -

B 16 -5.57 0.783 -48.42 0.006* 0.52 0.401 1.11 0.300 -1.79 0.167

C 8 5.12 0.823 -45.89 0.019* 0.10 0.890 1.27 0.314 -1.97 0.198

Therapy-related markers

Age  
at start cart 31 -2.84 0.338 3.22 0.249 0.16 0.065 0.03 0.837 0.05 0.740

Years  
without cart  
(% of life)

31 -0.22 0.535 0.63 0.051 0.02 0.099 0.00 0.906 0.01 0.606

 
wmh= white matter hyperintensities. N=number. Coeff= coefficient. Zenith=highest hiv viral load. Log 

cop=log copies. Y=years. Nadir=lowest cd4+ t-cell count. M=months. cdc clinical category= clinical state at 
hiv diagnosis (n/a=no to minimal symptoms. B=moderate symptoms. c=severe symptoms or aids). cart-= 
combination antiretroviral therapy. All coefficients are adjusted for age and gender and the volumetric out-

comes are additionally adjusted for intracranial volume.
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Table 5. Associations between cognitive performance and mri outcomes. 
 

 Total iq Processing Speed Index Digit Span

Co-variates  n Coeff p-value Coeff p-value Coeff p-value

In all study participants

Total Gray Volume 67 0.0651 0.009* 0.0645 0.02* 0.0050 0.336

Total White Volume 67 0.1104 0.002* 0.0903 0.023* 0.0102 0.171

Mean diffusivity 64 -1.6284 0.038* -0.8177 0.127 -0.3797 0.021*

Fractional Anisotropy 64 1.2470 0.085 0.4440 0.586 0.3383 0.025*

In hiv-infected participants only

Total Gray Volume 30 0.0655 0.550 0.0312 0.208 -0.0045 0.641

Total White Volume 30 0.1074 0.029* 0.0635 0.258 -0.0088 0.460

Mean diffusivity 28 -1.1838 0.289 0.4599 0.730 -0.1749 0.544

Fractional Anisotropy 28 1.3802 0.127 -0.4498 0.681 0.1401 0.559
 

Analyses are performed in the total study group. All coefficients were adjusted for age.

Figure 3. Scatterplot of the total iq and the total gray matter volume

Left panel: All participants. Right panel: hiv-infected group only

Figure 4. Scatterplot of the total iq and the mean diffusivity 

Left panel: All participants. Right panel: hiv-infected group only
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Discussion
The current study detected a lower gm and wm volume, a higher wmh lesion 
load and a poorer white matter integrity in otherwise well-controlled perina-
tally hiv-infected children, as compared to healthy controls. Early hiv-related 
cns damage, as well as ongoing low-grade viral replication and immune acti-
vation may be important elements of the pathophysiological mechanism 
behind these findings. The observed cerebral injury was associated with poor-
er cognitive performance in multiple domains.10

mri studies are scarce in cart-treated hiv-infected children.4 Contrasting 
our results, one post-cart pediatric study on cerebral volumes detected no 
global gm or wm differences between hiv-infected youths and age-matched 
controls. They did observe wm atrophy in specific areas, such as the corpus cal-
losum and external capsules. In addition, an unexpected focal increase in gm 
was seen, carefully attributed to cell swelling as a result of ongoing infection 
or cart toxicity.6 In contrast, we found no (focal) increase in either gm or wm. 

The high prevalence of wmh in hiv-infected children in this study was 
similar to a previous South African pediatric study from the post-cart era. 
However, their patients were substantially younger (mean age of 2.5 years) and 
underwent neuroimaging due to suspected hiv-related neurological disease.7 
We had anticipated a lower prevalence of wmh in our cases, who were with-
out suspected intracerebral hiv-involvement. An explanation for this finding 
may be the difference in magnetic field strength, since 1.5 Tesla has a reduced 
sensitivity to subtle wmh.21 In addition, wm myelination occurs mainly in the 
first two years of life and continues at least up to 5 years of age.22 The majority 
of patients in the South African study thus had immature wm, which may have 
resulted in a different pattern of wmh than in our older patients. Nonetheless, 
wmh are generally thought to represent myelin loss, vasculopathy and gliosis, 
partly due to ongoing immune activation.9 wmh in perinatally hiv-infected 
children may therefore increase with age, which would support a higher lesion 
load in our cases. 

The wmh diffusely affected both juxtacortical and deep wm of the hiv-infected 
children, while the South African study observed wmh mainly in the fron- 
tal and parietal lobes.7 Lesions in the juxtacortical wm are described in inflam-
matory conditions such as Multiple Sclerosis (ms) and have been associated 
with cognitive functioning.23,24 They are less associated with perfusion prob-
lems as juxtacortical wm is thought to be better perfused than deeper wm.25

A notable finding here was that wmh were also found in 18% of the 
healthy controls. As described above, it is agreed upon that it is abnormal 
for wm to be hyperintense after the second year of life.22 Thus far reported 
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prevalence of wmh in healthy children or adolescents varies from 0-31%. Of 
note, these reports used a 1.5 Tesla scanner and did not use flair but an infe-
rior T2-weighted sequence.26,27 The occurrence of wmh is known to increase 
with age, with a prevalence of 11-21% in adults aged around 64 to 94% at age 
80.26 The considerable proportion of healthy controls with wmh and the vari-
able prevalence in the existing literature warrants further investigation, but 
also suggests that including a control group was essential to not overestimate 
the occurrence of wmh in pediatric hiv.

Besides gm atrophy and wmh, hiv-infected patients had a higher md and 
a slightly lower fa, suggesting a poorer integrity of white matter.28 Increased 
ad is usually associated with a better wm integrity, however co-occurring with 
higher rd it may represent simultaneous axonal and myelin degeneration. 
One previous pediatric study investigating cerebral diffusion characteristics 
of a group of cart-naive hiv-infected children with slow disease progression 
showed similar results.8 In our study, tbss analyses exposed a diffuse pattern 
of poorer wm integrity, analogous to adult hiv studies that reported a higher 
md, rd and ad and a lower fa, generally in a wide array of regions.29,30 The dif-
ference in fa was less pronounced than in the diffusivity markers. However, 
the increase of both ad and rd in may have partially cancelled out a reduction 
in fa.31

Various pathophysiological mechanisms could underlie the cerebral 
differences detected in this study. First, hiv-related brain damage inflicted 
before cart initiation may be irreversible. hiv predominantly infects peri-
vascular macrophages and microglia cells in the cns, which are thought to 
produce viral proteins and inflammatory mediators with neurotoxic effects.9 
Associations between the zenith hiv vl, the nadir cd4+ T-cell z-score and fa 
support this theory. Also, a poorer clinical state at diagnosis was associated 
with a lower wm volume in this study and with lower iq reported previously.10 
The negative association between the period of a low cd4+ T-cell count and gm 
volume may indicate that prolonged immune suppression plays an additional 
role in cns damage. Thus, besides damage done before treatment, ongoing 
low-grade viral replication may, despite cart, still have adverse consequences 
for the cns.32 This is further illustrated by the lack of increase in wm volumes 
with age in the hiv-infected children, while it did in their age-matched peers. 
Also, we did not find any positive associations between therapy-related mark-
ers and any of the imaging parameters. However, the median age at cart 
initiation was approximately 2 years of age, which may be beyond the win-
dow of opportunity to prevent early damage in perinatally infected children. 
A pediatric dti study showed that a higher hiv vl, a lower cd4+ T-cell count 
and having started a second-line cart, were all associated with a poorer wm 
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integrity.33 This implies that adequate continuous treatment is indeed crucial 
for the protection of the cns.

Nonetheless, cart itself may cause damage to the cns.34 For example efa-
virenz, a first-line treatment option for children older than 3 years, is strongly 
associated with relatively mild neurological side effects such as bizarre 
dreams, but also – although very rarely – with severe psychiatric symptoms 
such as depression or even suicidal ideation.35

Despite being the largest mri study in hiv-infected children using healthy, 
matched controls to date, this study is subject to several limitations. First, it 
is a cross-sectional assessment and cannot illustrate the course of the cere-
bral findings over time. A higher proportion of hiv-infected children were 
immigrants from sub-Saharan Africa, where the occurrence of malnutrition 
is high. Malnutrition early in life has been associated with cortical atrophy, 
and the higher proportion of immigrants may therefore have confounded 
the volumetric results.36 In addition, the hiv-infected children were infected 
with a wide variety of hiv-subtypes, including clade B and C. Differences in 
mri-determined brain volumes have been found between adults with hiv-B 
and hiv-C infection37, and animal studies have postulated that hiv-C is less 
neuropathogenic than hiv-B.38 We could not find significant associations 
between these hiv-clades and mri-outcome parameters, however this may at 
least partly be due to the small number of patients per subtype. 

Also, more hiv-infected children were adopted or in foster care than con-
trols. Possible unknown early-life circumstances such as maternal substance 
abuse, postnatal abuse or neglect could have had a negative effect on cortical 
volume.39,40 And lastly, due to the relatively small sample size, the associa-
tions between disease- and therapy-related factors and mri results, as well as 
between mri parameters and cognitive outcomes may have been incomplete. 

Nonetheless, this study shows that hiv-infected children, of whom the 
majority was long-term virally suppressed with cart, have a lower gm and 
wm volume, a higher wm lesion load and decreased wm integrity as compared 
to controls. These differences occur in the context of a poor cognitive perfor-
mance in the hiv-infected group, and larger, longitudinal studies are needed 
to increase our understanding of the pathogenesis of cerebral injury in perina-
tally hiv-infected children.
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Abstract
background: Subtle structural and functional neuroretinal changes have 
been described in hiv-infected adults without retinitis treated with com-
bination antiretroviral therapy (cart). However, studies on this subject 
in hiv-infected children are scarce. This study aims to assess the presence 
of (neuro)retinal functional and structural differences between a group of 
perinatally hiv-infected children on cart and age, gender, ethnicity and 
socioeconomically-matched healthy controls. 
methods: All participants underwent an extensive ophthalmological exam-
ination, including functional tests as well as optical coherence tomography 
to measure individual retinal layer thicknesses. Multivariable mixed linear 
regression models were used to assess possible associations between hiv 
status (and other hiv-related parameters) and ocular parameters, while 
accounting for the inclusion of both eyes and several known confounders.
results: Thirty-three hiv-infected children (median age 13.7 years (iqr 
12.2-15.8), median cd4+ T-cell count 760 * 106 cells/L, 82% with an undetect-
able hiv viral load (vl)) and 36 controls (median age 12.1 years (iqr 11.5-15.8)) 
were included. Contrast sensitivity was significantly lower in the hiv-infect-
ed group (1.74 vs 1.76 logcs; P=0.006). The patients had a significantly thinner 
foveal thickness (-11.2 µm, P=0.012), which was associated with a higher peak 
hiv vl (-10.3 µm per log copy/ml, P=0.016). 
conclusion: In this study, we found a decrease in foveal thickness in hiv-in-
fected children, which was associated with a higher peak vl. Longitudinal 
studies are warranted to confirm our findings and to determine the course 
and clinical consequences of these foveal changes. 

Introduction
The spectrum of hiv-related retinal disease has changed drastically since 
the introduction of combination antiretroviral therapy (cart), with a major 
decline in incidence of opportunistic infections, such as cytomegalovirus 
(cmv) retinitis, as well as non-infectious ischemic hiv-retinopathy. 

However, even in cart-treated individuals with well-suppressed hiv infec-
tion and absence of opportunistic infections, functional and structural retinal 
abnormalities have been reported, such as a subtle loss of color vision and/or 
contrast sensitivity, visual field deficits and a thinner retinal nerve fiber layer 
(rnfl) thickness.1-10 These changes are thought to be part of a ‘hiv-associated 
Neuroretinal Disorder’ (hiv-nrd), and may be mediated by several processes, 
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such as a long-standing microvasculopathy11-17, direct damage of neural tissue 
by hiv and/or cart18-20, and chronic (para)inflammation.21 

It is unclear whether such retinal changes are also present in cart-treated 
hiv-infected children (without a history of ocular opportunistic infections). 
So far, one study group has addressed this question and reported a thinning 
of the peripapillary rnfl in 19 hiv-infected children as compared to 21 healthy 
controls22, as well as foveal thickening and multifocal electroretinographical 
(mf-erg) abnormalities in a smaller subgroup of hiv-infected children.23 

This study is part of an interdisciplinary observational cross-sectional 
study, evaluating neurological and neurocognitive disorders, neuroimaging 
and ophthalmic alterations in perinatally hiv-1-infected children in the Neth-
erlands.24 In the current study, we assessed the presence of retinal structural 
and functional differences between perinatally hiv-infected children on cart 
and a group of age, gender, ethnicity and socioeconomically matched healthy 
controls. This is the first study employing the Iowa Reference Algorithm25-26, 
on sd-oct scans in hiv-infected children, enabling the measurement of the 
thickness of individual retinal layers.

Patients and Methods
The study adhered to the tenets of the Declaration of Helsinki and approval 
was obtained from the investigational review board at the Academic Medical 
Center in Amsterdam. Written informed consent was obtained from all par-
ents and from children aged 12 and above. 

study participants

All hiv-infected children between 8 and 18 years of age, attending the pedi-
atric hiv outpatient clinic of the Academic Medical Center, were approached 
for study participation between December 2012 and January 2014. Healthy 
controls were recruited through parental evenings at schools, sports clubs 
and churches situated in areas in Amsterdam, aiming to capture an ethnically 
diverse population with a lower socioeconomic status (ses) than the general 
Dutch population, as similar as possible to patients.27 Exclusion criteria were 
chronic (non-hiv associated) neurological diseases like epilepsy, (history 
of ) intracerebral neoplasms and psychiatric disorders. Intelligence quotient 
(iq) was measured using the wisc iii and wais iii for children older than 16 
years of age.28-29 Frequency matching for age, gender, ethnicity and ses was 
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performed. ses was determined using parental education and occupational 
status. Parental education was scored according to the International Standard 
Classification of Education (isced). Occupational status was defined as no-, 
one or two caregivers with a paid job. The remaining socio-demographic data 
were obtained using standardized questionnaires.

hiv- and cart-related characteristics

Historical hiv vl and cd4+ T-cell counts, Center for Disease Control (cdc) 
clinical stage category and cart treatment history were derived from the 
Dutch hiv Monitoring Foundation database. Clinical, immunological and 
virological data prior to migration to the Netherlands were collected for 
the immigrant children, and registered as ‘missing’ when not traceable. 
Outpatient visits in our center occur every 3 months and all clinical, immuno-
logical and virological data are registered by the hiv Monitoring Foundation. 
The time of hiv diagnosis was defined as the first known documented posi-
tive hiv test, also using test data from the country of origin of children who 
were born outside the Netherlands. vl results were based on different assays 
used between 1995 and 2013 with decreasing detection limits (<1000 copies/
mL in 1995 to <40 copies/mL in 2013). An undetectable hiv vl was defined as a 
vl below the detection limit of the assay used at that time. The hiv vl during 
study participation was determined by the Abbott Real Time hiv-1 assay. The 
peak hiv vl was defined as the highest vl prior to cart initiation, or the high-
est hiv vl due to interruption of cart or virological failure. The proportion of 
life spent with a detectable viral load was calculated by adding all days between 
two detectable hiv vl and half of the days between the last detectable and the 
next undetectable hiv vl, and dividing the cumulative number of days with a 
detectable vl by the participant’s age at inclusion to this study.

To account for physiological age-related differences in cd4+ T-cell counts, 
all registered cd4+ T-cell counts were transformed into z-scores by subtract-
ing the reference value for the age at the time of the cd4+ T-cell measurement 
and dividing this by the age-related sd. A z-score of 0 represents the age-ap-
propriate mean.30 The nadir cd4+ T-cell z-score was defined as the lowest 
z-score prior to cart initiation or to a maximum of 3 months after the start 
of cart. At inclusion, absolute cd4+ T-cell counts were analysed instead of 
z-scores as all children were >8 years of age. Lastly, we calculated the cumula-
tive time with a cd4+ T-cell count below 50, 100, 200, 350 and 500 cells (*106/L) 
by adding all days between two cd4+ T-cell measurements of <500*106/L to 
half of the days between two cd4+ T-cell measurements with one < 500*106/L 
and one >500*106/L.
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ophthalmic examination

Ophthalmic exclusion criteria were high refractive errors (se> +5.5 or > −8.5 
D), visual acuity below 0.1 logmar, intraocular pressure (iop) higher than 21 
mm Hg, significant media opacities and a history of ocular surgery or ocular 
disease. One patient with a history of cytomegalovirus retinitis in both eyes 
and one control with a refractive error > +5D were excluded for not meeting 
the inclusion criteria. In addition, 2 left eyes of 2 hiv-infected children were 
excluded from analysis due to the presence of uveitis and congenital toxoplas-
mosis lesions, respectively. 

Visual acuity was measured using a modified etdrs chart with Sloan let-
ters (Lighthouse, ny) at 4 meters. Visual acuity (va) was recorded in logmar 
units. iop was measured by air-puff tonometry (computerized tonometer, 
ct80; Topcon Medical Systems, Inc.). All subjects underwent pupil dilation 
(0.5% Tropicamide and 5% Phenylephrine) and a standard ophthalmic exam-
ination, including slit-lamp biomicroscopy with a handheld lens, as well as 
fundus photography. 

mars contrast sensitivity (cs) charts

All children were tested with the Mars Letter cs Test (Mars Perceptrix, 
Chappaqua, ny), a portable chart measuring 23 × 36 cm, consisting of 48 letters 
arranged in eight rows of six Sloan letters each. The Mars test letters subtend 
2° (at 50 cm), the change in contrast between successive letters is 0.04 log 
units, and ranges from 0.04 to 1.92 log cs. The Mars test has test-retest reliabil-
ity equal to/better than the Pelli Robson test and has proven to be a useful and 
practical alternative to the Pelli Robson cs chart.23,31-34 

lanthony d-15 color vision panel test 

Color vision was determined using the Lanthony Desaturated 15-hue (D-15) 
color vision test.35 This test is more sensitive to subtle color discrimination 
deficiencies and is easier to perform and score than the Farnsworth-Munsell 
100-hue test (fm-100).36 Testing was performed under standard illuminant 
conditions and repeated once when errors were made. Color confusion index 
(cci), as described by Vingrys and King-Smith37, was determined for each eye. 
Errorless performance is scored with a cci of 1.0 and higher values indicate a 
worse test result. The best outcome per eye was used for analysis. 

103



long-term outcomes of children treated for hiv-infection

rarebit perimetry and rarebit fovea test

The Rarebit Perimetry (rbp) and Rarebit Fovea Test (rft) are visual function 
tests developed to detect subtle central visual field damage and have been 
described extensively elsewhere.38,39 The rbp (inner and outer tests) evaluates 
the central 30° visual field, while the rft evaluates the central 4° visual field. 
The results of the Rarebit test are presented as mean hit rate (mhr), a percent-
age of the stimuli seen by the subject.

sd-oct and retinal layer segmentation

oct images of the subjects were obtained with sd-oct (Topcon 3D oct-
1000; Topcon Inc., Paramus, nj) using the 3D macular and disc volume scan 
protocols. Only high-quality images with a Topcon image quality factor (qf) 
>60 were used. From each 3D macular volume, individual retinal layers were 
segmented automatically by  the Iowa Reference Algorithm25,26, which uses an 
extensively validated, robust fully three-dimensional graph search approach 
(Figure 1A). The Iowa Reference Algorithm25,26 allows for the calculation of the  
thickness of all individual retinal layers for each of the nine etdrs-grid 
defined regions (Figure 1B-E).

In addition, peripapillary rnfl thickness measurements were acquired 
from the 3D optic nerve head oct’s using the same  Iowa Reference 
Algorithm25,26. The peripapillary ring was centered manually if needed, with 
the center of the ring coinciding with the center of the optic disc.

statistical analysis

Demographic characteristics were compared between groups using the 
Unpaired T-Test, the Mann-Whitney U test or the χ2 test. Univariable and mul-
tivariable linear regression models with mixed effects were used to explore 
associations between hiv-status and ocular variables in all study participants, 
while accounting for the inclusion of both eyes and potential confounders 
(age at study visit40-44, gender41-43, intelligence quotient (iq; corrected for in 
the function test analyses), oct quality factor (qf)40,44-46 and spherical equiva-
lent (se) (corrected for in the oct analyses).44,47 Covariates with a P-value<0.2 
in univariable analysis were incorporated in the multivariable models. In the 
multivariable models the level of significance was set at a P-value<0.05.

The outcome variables that were significantly different between hiv-in-
fected and healthy children in the models described above, were further 
investigated in the hiv-infected group only, again using multivariable mixed 
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linear regression models. Associations between the specified parameters and 
1) disease-related factors (hiv vl at time of study visit, peak hiv vl, the pro-
portion of life spent with a detectable vl, nadir cd4+ T-cell z-score, duration 
of cd4+ T-cell counts <500*109/L, cdc clinical category) and 2) cart-related 
factors (age at cart initiation, duration of cart use, current cart use and 
duration of exposure to didanosine and/or stavudine (which can cause a toxic 
retinopathy48-50) were explored. 

Furthermore, possible correlations between visual function test results 
and retinal layer thickness were assessed, in particular focusing on the signif-
icant parameters. 

Data entry and management was performed using OpenClinica© open  
source software. Statistical analyses were carried out using Stata Statistical 
Software, release 12 (StataCorp lp, College Station, tx, usa).

Figure 1a. Macular sd-oct b-scan with intraretinal surfaces as indicated by the colored lines 
and segmented using the Iowa Reference Algorithm25,26. In this study, the highly reflective layer 

between inner and outer segments, and the outer segments up to the retinal pigment layer 
were taken together as one layer, the outer segment layer (osl), ignoring the line ascribed to the 
cone outer segments63. Corresponding retinal layers: 1/ retinal nerve fiber layer, 2/ ganglion cell 
layer, 3/ inner plexiform layer, 4/ inner nuclear layer, 5/ outer plexiform layer, 6/ outer nuclear 

layer + inner segments (photoreceptors), 7/ outer segments (photoreceptors), 8/ retinal pigment 
epithelium.  Figure 1b-e. etdrs grid. Nine subfields of the 9 etdrs regions in each eye. (b) Right 
eye. (c) Left eye. For each retinal layer, three areas were defined using this etdrs grid: the fovea, 

the central circle with a diameter of 1 mm (depicted as 1 in Figures b-c); the pericentral ring,  
a donut-shaped ring centered on the fovea with an inner diameter of 1 mm and an outer diameter 

of 3 mm (d); and the peripheral ring, with an inner diameter of 3 mm and outer diameter  
of 6 mm (e). Thickness measurements of the pericentral and peripheral rings were estimated 

 by averaging the thickness measurements of the four corresponding quadrant areas (segments  
2 to 5 for the pericentral ring and segments 6 to 9 for the peripheral ring).
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Results

demographic and clinical characteristics

Table 1 shows the demographic and clinical characteristics of all study partici-
pants. In total, 33 hiv-infected children (median age 12.1; iqr 11.5-15.8) and 36 
healthy controls were included (median age 13.7; iqr 12.2-15.8). Most children 
were of black (hiv: 79%; healthy: 75%) or mixed black (hiv:12%; healthy:17%) 
ethnicity. Although mean spherical equivalent, intra-ocular pressure and visu-
al acuity differed significantly between the two groups, all values were within 
a normal range. Among the hiv-infected children, 32 (97%) had ever received 
cart, and 28 (85%) were using cart at time of the study assessment, among 
which 27 (96%) had an undetectable plasma hiv vl. The median cd4+ T-cell 
count was 760 * 106 cells/L at the time of assessment. 

Table 1. Participant characteristics 

Demographic characteristics hiv-infected  
children (nr=33)

Healthy controls 
(nr=36)

p-value

Male gender 17 (52) 17 (47) 0.807

Age 12.1 (11.5-15.8) 13.7 (12.2-15.8) 0.170

Country of birth Netherlands 10 (30) 34 (94)

<0.001
Sub Saharan Africa 18 (55) 2 (6)

Suriname 1 (3) 0 (0)

Other 4 (12) 0 (0)

Ethnicity Black 26 (79) 27 (75)

0.358
Mixed black 4 (12) 6 (17)

Caucasian 0 (0) 3 (8)

Other 3 (9) 0 (0)

Education child Primary School 9 (27) 19 (53)

0.036
High school 10 (30) 13 (36)

Special school 9 (27) 1 (3)

Other 5 (15) 3 (8)

Country of birth, parent (m/f ) Netherlands 1 (3)/ 4 (12) 6 (17)/ 8 (22)

<0.001
Sub Saharan Africa 25 (76)/ 18 (55) 8 (22)/ 5 (14)

Surinam 2 (6)/ 3 (9) 19 (53)/ 19 (53)

Other 5 (15)/ 6 (18) 3 (8)/ 4 (11)

isced educational level parent^^ 5 (4-6) 5 (5-6) 0.245

One parent employed 16 (62) 24 (67) 0.468

Two parents employed 5 (19) 9 (25) 0.798
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hiv- and cart related characteristics

Clinical

Age at hiv diagnosis (y) 2.3 (0.7-4.9) - -

cdc category N 4 (12) - -

A 6 (18) - -

B 15 (46) - -

C 8 (24) - -

Cerebral hiv/aids◊ 2 (6) - -

cd4+ t-cell and hiv viral load

Peak hiv viral load (log copies/mL) 5.54 (5.10-5.92) - -

Nadir cd4+ z-score -0.7 (-1.4- -0.4) - -

hiv viral load at eye exam Detectable 6 (18) - -

Undetectable 27 (82) - -

cd4+ t-cell count at eye exam (*106/L) 760 (580-950) - -

cd4+ z-score at eye exam -0.1 (-0.3- 0.2) - -

Time living with a detectable viral load (y) 2.4 (1.4-5.8) - -

Time with cd4+ t-cell count <500 (*106/L) (m) 18.3 (11.0-94.1) - -

cart

Age at cart initiation (y) 2.6 (1.0-6.2) - -

Current cart use 28 (85) - -

Duration cart use (y) 10.7 (7.1-14.4) - -

Mono- or dual therapy treatment before cart 3 (9) - -

Duration of exposure to didanosine (y) (n=15) 2.2 (0.8-4.4) - -

Duration of exposure to stavudine (y) (n=12) 4.6 (3.9-5.6) - -

Ocular features mean  ± sd, Range mean  ± sd, Range p-value

Spherical equivalent refraction, D -0.86 ±1.6 (-5.9-1,3) -1.6±2.2 (-7,1-0,8) 0.033

Intra-ocular pressure, mm Hg 14.1±2.4 (10-19) 16.2±3.1 (10-24) <0.001

Visual acuity, LogMar -0.02±0.06 (-0.2-0,1) -0.05±0.05 (-0.18-0.06) 0.008

Topcon image quality factor, macula scan 85.6±6.9 (60.0-100.6) 85.3±7.2 (68.7-101.9) 0.771

Topcon image quality factor, disc scan 84.7±7.2 (66.6-94.9) 86.0±5.3 (73.6-96.5) 0.247

hiv=Human Immunodeficiency Virus. (y)=years. (m)= months. (m/f )= mother/father. isced: International 
Standard Classification of Education. cart=combination antiretroviral therapy. cdc= Center for Disease 

Control and Prevention. Values are expressed ad N (%), median (iqr) or as mean ± standard deviation (sd).  
 *: Most educated parent. †: hiv-encephalopathy (n=2) and cmv encephalitis (n=1). p-values in bold are <0.05. 
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visual function tests

No significant differences in color vision and central visual field were detected 
between both groups (Table 2). Contrast sensitivity was significantly lower in 
the hiv-infected children, although this accounted for half a letter only (1.74 vs 
1.76 logcs, P-value=0.006).

Table 2. Visual function test results in hiv patients and controls 

hiv-infected children (nr=33) Healthy controls  (nr=36)
Visual function test n mean sd range n mean sd range Coeff p-value

Lanthony d15 test; Cci 64 1.18 0.23 1-2.12 70 1.15 0.19 1-1.87 -0.0379 0.315

Mars cs; logcs 63 1.74 0.03 1.64-1.80 72 1.76 0.03 1.72-1.92 -0.0192 0.006

rbp Outer Test; mhr 60 79.5 13.3 47-99 71 83.8 11.6 43-100 -2.44 0.379

rbp  Inner Test; mhr 60 93.6 11.1 44-100 72 94.8 7.4 63-100 0.0158 0.993

Rarebit Fovea Test; mhr 60 88.6 17.3 38-100 72 93.9 9.8 50-100 -2.0372 0.476
 

p-values derived from multivariable linear mixed model and adjusted for age at assessment, gender and total 
iq. n=number of eyes. *=p-value<0.05.

thickness of individual retinal layers

Multivariable mixed linear regression analyses (adjusted for age, gender, oct 
quality factor and spherical equivalent) were performed to detect differences 
between the hiv-infected and healthy groups. Mean retinal layer thicknesses 
(individual retinal layers, peripapillary rnfl and total retinal thickness) for 
patients and controls are shown in Table 3. hiv-infected children had a signifi-
cantly thinner total foveal thickness (-11.2 µm, P-value=0.012), predominantly 
due to a thinner foveal outer nuclear layer and inner segments (onl-is; -6.2 
µm, P-value=0.011). 

Table 3. oct individual retinal layer thicknesses in hiv patients and controls

hiv-infected children (nr=33) Healthy controls (nr=36)
Macular layer n mean sd range n mean sd range Coeff p-value

rnfl

  Fovea 64 3.4 1.5 0.8-8.5 70 4.0 1.8 1.1-11.3 -0.6162 0.068

  Pericentral ring 64 20.3 1.8 15.6-24.7 70 21.3 1.9 15.6-25.1 -0.9317 0.015

  Peripheral ring 64 33.1 3.4 24.1-42.7 70 34.3 3.3 26.5-41.0 -1.009 0.153
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gcl
  Fovea 64 10.9 3.3 4.1-18.4 70 14.4 5.1 5.5-31.3 -3.1545 0.001

  Pericentral ring 64 51.8 5.6 31.2-63.1 70 53.3 4.8 41.7-66.2 -2.0811 0.094

  Peripheral ring 64 32.0 3.9 26.0-43.4 70 31.7 2.7 25.3-38.5 0.0480 0.951

ipl
 Fovea 64 20.3 3.8 14.0-29.9 70 22.1 4.4 14.5-31.2 -1.5397 0.103

  Pericentral ring 64 39.6 3.5 33.9-49.9 70 40.4 3.0 34.1-46.7 -0.9592 0.217

  Peripheral ring 64 40.6 3.5 31.4-49.3 70 40.4 2.7 34.9-47.7 -0.0580 0.937

inl
  Fovea 64 16.9 3.6 11.2-27.6 70 19.3 4.1 11.5-32.1 -1.9766 0.026

  Pericentral ring 64 38.3 3.8 30.8-47.0 70 39.0 2.8 33.8-45.4 -0.9530 0.225

  Peripheral ring 64 34.0 3.2 27.7-42.0 70 33.4 2.4 25.2-39.6 0.2916 0.656

opl
  Fovea 64 23.6 4.4 14.7-37.4 70 23.2 4.0 15.0-33.3 0.4933 0.562

  Pericentral ring 64 27.6 3.7 19.9-37.9 70 27.9 3.9 22.2-40.0 -0.2125 0.795

  Peripheral ring 64 25.2 1.6 22.2-28.9 70 24.8 1.4 21.6-28.4 0.3330 0.309

onl + is
  Fovea 64 107.1 11.9 82.1-135.1 70 112.4 9.6 92.4-130.2 -6.2414 0.011

  Pericentral ring 64 95.5 8.9 81.6-116.7 70 96.3 8.4 73.6-111.1 0.2998 0.507

  Peripheral ring 64 81.7 6.9 70.0-96.6 70 82.8 5.6 70.4-94.9 -1.9953 0.311

osl
  Fovea 64 50.9 2.6 44.5-56.8 70 49.0 3.9 29.6-54.5 1.8653 0.010

  Pericentral ring 64 43.7 2.7 37.6-51.7 70 41.2 4.1 20.8-46.9 2.1511 0.006

  Peripheral ring 64 38.8 2.8 32.7-46.0 70 37.0 3.1 30.3-42.5 1.1224 0.088

rpe
  Fovea 64 16.9 2.1 14.2-23.1 70 17.3 1.8 14.0-22.9 -0.3441 0.425

  Pericentral ring 64 17.4 2.2 12.8-22.0 70 18.7 2.3 14.7-23.7 -0.9706 0.063

  Peripheral ring 64 19.5 2.8 12.5-23.7 70 20.7 2.1 16.4-24.0 -0.9117 0.113

Total foveal rt 64 233.2 18.3 198.2-279.4 70 244.4 19.3 208.5-279.7 -11.2368 0.012

Total pericentral rt 64 316.9 16.5 283.4-348.8 70 319.3 14.1 287.1-345.1 -5.0431 0.162

Total peripheral rt 64 285.5 16.0 248.2-317.5 70 284.4 12.3 258.3-310.7 -0.8588 0.798

Peripapillary rnfl 63 112.1 15.8 81.0-143.9 67 111.2 9.5 91.4-129.8 0.8840 0.772
 

sd=standard deviation. n= number of eyes. rnfl=retinal nerve fibre layer. gcl=ganglion cell layer.  
ipl= inner plexiform layer. inl=inner nuclear layer. opl=outer plexiform layer. onl-is=outer nuclear  

layer- inner segments. osl=outer segment layer. rpe=retinal pigment epithelium. rt=retinal thickness.
p-values derived from multivariable linear mixed model and adjusted for age, gender, oct quality factor  

and spherical equivalent. *=p-values<0.05. 
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multivariable analyses within the hiv-infected group 

Visual function and oct parameters that differed significantly between hiv-
infected and healthy children were further investigated in the hiv-infected 
group, to identify potential associations between these parameters and hiv- 
and/or cart related variables.

Multivariable mixed regression analysis showed an inverse association 
between total foveal retinal thickness and peak hiv vl (-10.7 µm per log copy/
ml, P-value=0.016, Figure 2); a similar relationship was observed between the 
foveal outer nuclear layer and inner segments and peak hiv vl (-7.1 µm per 
log copy/ml, P-value=0.013). No other associations were found between visual 
function, oct parameters and hiv or cart-related parameters.

Figure 2. Correlation between total foveal thickness and peak hiv viral load

 
structure-function relationships

Finally, we explored potential correlations between visual function test results 
(color vision, contrast sensitivity and central visual field) and oct retinal layer 
thickness in hiv-infected children. No associations were observed (data not 
shown). 

Discussion
This study aimed to assess retinal structure and visual function in a group of 
perinatally hiv-infected children, compared to a group of matched healthy 
controls. Subtle structural retinal changes and visual dysfunction, termed 
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‘hiv- Associated Neuroretinal Disorder’ (hiv-nrd), have been described in 
hiv-infected adults on cart without infectious retinitis1-10,14,16,17,51-59, howev-
er data on this subject in hiv-infected children are limited and derived from 
one study group22,23. This is the first study assessing individual retinal layer 
thicknesses and exploring associations between various hiv-and cart-relat-
ed factors and ocular parameters in hiv-infected children.

Our findings indicate that hiv-infected children have a thinner foveal ret-
inal thickness than healthy controls, while having a comparable peripapillary 
rnfl thickness and visual function outcomes. 

We found no significant differences in peripapillary rnfl thickness 
between hiv-infected children and age-, gender-, ethnicity- and socioeco-
nomically matched controls, which is not in line with the previous pediatric 
study by Moschos et al.22 They reported a thinner peripapillary rnfl thickness 
in a group of 19 hiv-infected children compared to a group of 21 age-matched 
healthy children.22 Of note, however, in our study we used Spectral-Domain 
oct, which is more accurate in measuring retinal and rnfl thickness than 
Time-Domain oct.60 Furthermore, in our assessment of peripapillary rnfl 
thickness, we adjusted for known confounders such as age40-44, gender41-43, 
spherical equivalent40,44,47 and oct quality factor.40,44,46 In addition, we applied 
multilevel mixed linear modelling to take correlations between right and left 
eyes into account. 

In their second study, Moschos et al. found an increase in foveal thickness 
as well as multifocal erg abnormalities in a subgroup, consisting of 10 eyes 
(the number of children was not stated) in their cohort.23 We observed the 
opposite in our study with a significantly lower total foveal thickness in the 
group of hiv-infected children, predominantly due to a thinner outer nuclear 
layer and inner segments of the photoreceptors as well as thinner inner reti-
nal layers. Since we are the first group measuring individual oct retinal layer 
thicknesses in hiv-infected children, comparison of our findings to other 
studies in children is not yet attainable. In hiv-infected adults however, it is 
thought that damage (caused by hiv and/or other factors) to the optic nerve 
leads to thinning of the peripapillary rnfl.1,7,9 Multiple adult studies indeed 
reported a decrease in peripapillary rnfl thickness, particularly in patients 
with (a history of ) low (<100 cells/µl) cd4+ T-cell counts.4,52,57-59 Since the axons 
of the ganglion cell layer make up the optic nerve for a large part, a decrease 
in peripapillary rnfl implies that a decrease in ganglion cell layer thickness 
(and possibly other inner retinal layers) would also be expected, but no study 
has reported on this. If we extrapolate this hypothesis of hiv-associated neu-
roretinal degeneration to hiv-infected children, a decrease of peripapillary 
rnfl thickness and inner retinal layers (especially in the pericentral retinal 
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area, where the ganglion cell layer is thickest) would be expected in this group. 
Surprisingly, we detected a thinner foveal thickness and no other oct differ-
ences in the hiv-infected children as compared to the controls. 

However, the consequences of chronic hiv-infection in perinatally infect-
ed children are likely to be different from adults because their infection occurs 
during- rather than after- (neuronal) development. This may result in differ-
ent findings between adults and children. Of all foveal layers, the outer nuclear 
layer shows the most distinct increase during foveal maturation (from infancy 
to 16 years of age), creating a bulge.61 Therefore, if we speculate that hiv-infec-
tion may interrupt this maturation, this would be mostly reflected in the outer 
nuclear layer. This may explain the significantly thinner fovea – in particular 
the outer nuclear layer and inner segments- we detected in the hiv-infected 
children in our study. Supporting this hypothesis was the significant asso-
ciation we observed between a higher peak hiv vl and thinner foveal outer 
nuclear layer and inner segments. 

A recent study in 22 perinatally hiv-infected children (median age 16.6 
years) on cart with nadir cd4 counts > 200 cells/µl, reported an absence of 
vision-threatening disease, but a high prevalence (18%) of strabismus62, which 
is thought to be a developmental disorder, again suggesting that hiv-infection 
may hamper the development of the visual system. 

We did not detect any correlations between retinal structure and visual 
function in hiv-infected children. This was to be expected, considering the 
high inter-individual variability in retinal layer thickness and functional test 
outcomes, and the small changes observed. 

Strengths of our study are the inclusion of an age, gender, ethnicity and 
socioeconomically matched control group, and the adjustment for relevant 
potentially confounding factors in our statistical analyses. Of note, we found 
iq to be an important confounder when analyzing the functional test out-
comes, with a strong positive association between test results and total iq. 
Nonetheless, there are some limitations. Despite being the largest ophthal-
mological study in clinically stable hiv-infected children without retinitis at 
present, the relatively small sample size may have hampered the detection of 
some potential associations. Secondly, a cross-sectional study of parameters 
known to have a high inter-individual variability is less able to detect small 
changes in retinal structure and function than a longitudinal study.

The visual function tests we used are psychophysical techniques and 
involve an element of subjectivity; however we used standardized proto-
cols (i.e. lightning conditions, testing distance) to minimize this problem. A 
more objective method for evaluating retinal function is multifocal-electro-
retinography (mf-erg), but needs adequate cooperation and can therefore be 
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challenging to perform in children. Lastly, we did not measure peripapillary 
rnfl thickness in quadrants, therefore it is possible that there were quadran-
tal changes in rnfl thickness in our patients, while the average peripapillary 
rnfl thickness was not different between the two groups. 

In summary, our findings indicate that hiv-infected children have a thin-
ner foveal retinal thickness compared to matched controls, while having a 
comparable peripapillary rnfl thickness and visual function outcomes. Our 
results do not confirm the results of Moschos et al.22,23, however they are in 
accordance with some recent studies in hiv-infected adults, observing simi-
lar average peripapillary rnfl thickness between patients and controls1,9, and 
little differences in contrast sensitivity.7,9 A novel finding in our study is the 
decrease in foveal thickness in the group of hiv-infected children, of which the 
clinical significance is yet unclear, since both visual acuity and visual function 
were adequate. We postulate that hiv-infection may disturb foveal mat-
uration, leading to a thinner fovea. Although our results do not support the 
presence of a hiv-neuroretinal disorder, it is also possible that retinal (neuro)
degeneration will occur at a later time in patients’ lives. The long-term effects 
of hiv-infection on the retina are unknown, and as life-expectancy of hiv-in-
fected patients is increasing with the global roll-out of cart, vision loss might 
become more prevalent and symptomatic with time. Therefore, longitudinal 
studies are warranted to investigate the effect of chronic hiv-infection and 
long-term cart on the retinal structure and visual function of both hiv-in-
fected adults and children.
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Abstract
background: Combination antiretroviral therapy (cart) can alter hiv-infec-
tion in children into a chronic condition. Studies investigating health related 
quality of life (hrqoL) in hiv-infected children are scarce, and lacking from 
Western-Europe. This study aimed to compare the hrqoL of clinically stable 
perinatally hiv-infected children to healthy, socioeconomically (ses)-matched 
controls as well as the Dutch norm population, and to explore associations 
between hiv and cart-related factors with hrqoL. 
methods: hiv-infected and healthy children aged 8-18 years completed the 
Pediatric Quality of Life Inventory tm 4.0 (Pedsql™). We determined diffe ren-
ces between groups on Pedsql™ mean scores, and the proportion of children 
with an impaired hrqoL per group (≥1sd lower than the Dutch norm popula-
tion). Logistic regression models were used to explore associations between 
disease-related factors and hrqoL impairment. 
results: In total, 33 hiv-infected and 37 healthy children were included. There 
were no differences in the mean Pedsql™ subscales between hiv-infected 
children and both control groups. The proportion of children with an impaired 
hrqoL was higher in the hiv-infected group (27%) as compared to the healthy 
control group (22%) and the Dutch norm (14%) on the school functioning sub-
scale (hiv vs. Dutch norm: P=0.045). 
conclusion: Mean scores of hrqoL of perinatally hiv-infected children in 
the Netherlands were not different from a ses-matched control group, or from 
the Dutch norm population. However, the hiv-infected group did contain 
more children with hrqoL impairment, suggesting that hiv-infected chil-
dren in the Netherlands are still more vulnerable to a compromised hrqoL.

Introduction
Combination antiretroviral therapy (cart) has altered human immunode-
ficiency virus (hiv)-infection into a chronic medical condition, resulting in 
an increasing group of perinatally hiv-infected children who are growing up 
into adulthood. Apart from co-morbidities associated with chronic hiv-in-
fection, the consequences of cart itself -such as toxicity and adherence 
difficulties- are also becoming more prevalent. Besides, hiv-infected children 
and adolescents face issues such as social stigmatization, low self-esteem, 
hampered sexual development, need for regular hospital visits and recurrent 
periods of school absence.1-3
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Quality of life is defined by the World Health Organization (who) as indi-
viduals’ perceptions of their position in life in the context of the culture and 
value systems in which they live and in relation to their goals, expectations, 
standards and concern.4 Health-related quality of life (hrqoL) is a concept 
that includes measures of physical symptoms, functional status, and dis-
ease impact on psychological and social functioning5, which justifies it as an 
important health outcome measure to be monitored in hiv-infected children.

hrqoL has been extensively studied in hiv-infected adults, and is general-
ly poorer as compared to healthy controls.6 Fewer studies have been performed 
in hiv-infected children, and in accordance with the adult studies reported 
lower levels of physical, school, and psychosocial functioning as compared to 
healthy controls.7-12 Recently, the predict study group from southeast Asia 
showed a poorer hrqoL on all functioning scales in hiv-infected children.13

In industrialized countries, an increasing proportion of hiv-infect-
ed children are first or second generation immigrants, who live in areas 
with a relatively low socioeconomic status (ses) as compared to the general 
population.14-17 The impact of ses on hrqoL has been well documented in 
hiv-infected adults18-20 and chronically ill children21-23, but is less clear in chil-
dren with hiv. With the current knowledge, it is however likely that ses also 
has an influential role on hrqoL in hiv-infected children. Apart from ses, 
various disease and therapy-related factors were found to negatively influence 
hrqoL in hiv-infected adults, such as drug-related side effects, lower cd4+ 
T-cell counts and higher hiv viral loads (vl).6 In pediatric studies also, hrqoL 
was positively associated with the use of cart and a better immunological and 
clinical state.7,10,24,25

The abovementioned pediatric studies focused on heterogeneous cohorts 
of hiv-infected children, not only in terms of country of origin and ses, but 
also hiv- and cart-related factors. None of the studies were from western 
European countries. Our study therefore aimed to assess hrqoL of perinatally 
hiv-infected children living in the Netherlands, and compare it to the hrqoL 
of a healthy, hiv-unaffected group of children with a comparable ses. 

Patients and Methods
The committee for medical ethics of the Academic Medical Center in Amster-
dam approved the study protocol. Written informed consent was obtained 
from all parents, and children aged 12 years and older.
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participants

From December 2012 until January 2014 we conducted a cross-sectional 
study investigating the neurological and cognitive outcomes of perinatal-
ly hiv-infected children as compared to healthy, ses-matched controls. All 
hiv-infected patients between 8 and 18 years of age from the outpatient clinic 
of the Emma Children’s Hospital were approached to participate in the study. 
Healthy controls in the same age range were recruited through parental events 
of schools, sports clubs and churches in areas around Amsterdam, capturing 
an ethnically diverse population with a lower ses than the general Dutch pop-
ulation.26 Exclusion criteria were chronic neurological diseases like epilepsy, 
intracerebral neoplasms and psychiatric disorders. Frequency matching for 
age, gender, ethnicity and ses was performed. ses was determined using 
information on parental education and occupational status. From one week 
before the day of the study visit onwards, all participants and parents/caregiv-
ers completed several questionnaires at an online portal (www.hetklikt.nu).27

sociodemographic background and hiv-related parameters

Sociodemographic data on all participants and parents were collected using a 
questionnaire completed by one parent or caregiver. The following informa-
tion on the child was obtained: age, gender, country of birth, adoption status 
and education level. From parents or caregivers we obtained information 
on age, country of birth, marital status, number of children, type of educa-
tion (according to the International Standard Classification of Education 
(isced)28) and employment status.

Historical hiv vl and cd4+ T-cell counts, Center for Disease Control (cdc) 
clinical stage category and cart treatment history were derived from the 
Dutch hiv monitoring foundation (hmf) database (www.hiv-monitoring.
nl).29 Clinical, immunological and virological data from before moving into 
the Netherlands was registered, and recorded as ‘missing’ when not traceable. 
In the Netherlands, outpatient visits occurred every 3 months and all data 
was registered by the hmf. The time of hiv diagnosis was defined as the first 
known documented positive hiv test. Historical hiv vl results were based on 
different assays used between 1995 and 2007 with decreasing detection limits 
(<1000 copies/mL in 1995 to <50 copies/mL in 2007). The hiv vl during study 
participation was determined by the Abbott Real Time hiv-1 assay with a 
lower limit of detection of <40 copies/ml. An undetectable hiv vl was defined 
as a hiv vl below the detection limit of the assay used at that time. The peak 
hiv vl was defined as the highest vl prior to cart initiation, or after cart 
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interruption or failure. To correct for age-related differences, all cd4+ T-cell 
counts were transformed into z-scores by subtracting the reference value for 
the age at the time of the cd4+ measurement and dividing this by the age-re-
lated sd. A z-score of 0 represents the age-appropriate mean.30 The nadir cd4+ 
T-cell z-score was the lowest z-score prior to cart initiation or to a maximum 
of 3 months after start cart. We calculated the cumulative time with cd4+ 
T-cell counts below 500 cells (*106/L) by adding all days between two measure-
ments of <500*106/L to half of the days between two measurements with only 
one lower than 500*106/L.

pediatric quality of life inventory™ 4.0

Health-related quality of life was measured using the Dutch child self-report 
version of the generic Pediatric Quality of Life Inventory™ 4.0 (Pedsql™), for 
children aged 8-12 years and 13-18 years.31,32 The generic Pedsql™ inventory is 
developed to measure hrqoL in healthy and chronically or acutely ill children. 
It includes 23 items, divided over 4 subscales: physical (8 items), emotional (5 
items), social (5 items) and school functioning (5 items). Items are rated on 
a 5-point Likert scale (0 = ‘never a problem’, 1= ‘almost never a problem’, 2 = 
‘sometimes a problem’, 3 = ‘often a problem’, and 4 = ‘nearly always a prob-
lem’) based on the preceding week. A psychosocial health summary score 
(summary of emotional, social and school functioning subscales) and a total 
score (including all subscales) are computed. Previous studies on the Pedsql™ 
have shown good psychometric properties and the Pedsql™ was found to be 
an acceptable and valid measure of hrqoL in hiv-infected children.7,32 Dutch 
normative data are available.31 In this study, internal consistency reliability 
was α>0.70 for the physical, emotional and social subscales and α=0.40 for the 
school subscale.33

statistical analysis

Results were summarized as numbers and proportions, medians with inter-
quartile ranges (iqr) or means with standard deviations (sd). Demographic 
characteristics were compared between groups using unpaired t-tests or 
Mann-Whitney U tests and Chi-square tests where appropriate. Internal 
consistency of the Pedsql™ scales was determined with Cronbach’s alphas 
(α); >0.70 was considered to be good, 0.40-0.70 medium, and <0.40 weak. 
Unpaired t-tests were used to compare the hrqoL between the hiv-infected 
group and the healthy ses-matched controls as well as the Dutch norm pop-
ulation. We included existing data from the healthy Dutch norm population 
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to get better insight in the effect of a lower ses alone, in addition to being hiv 
infected and a lower ses together, on hrqoL.31 Furthermore, the proportion 
of children impaired on hrqoL subscales was calculated. As defined by Varni 
et al., scores ≥1 sd below the mean of the norm population were considered 
as impaired.34 Chi-squared tests were performed to compare the proportion 
of children impaired on hrqoL between the hiv-infected group, the ses-
matched control group and the Dutch norm population. Univariable and 
multivariable logistic regression analyses were used to explore associations 
between hrqoL impairment and demographic characteristics (gender, age 
of immigration, years in the Netherlands, adoption status, hiv-disclosure 
status), disease severity markers (hiv vl at time of hrqoL assessment, dura-
tion of living with a detectable hiv vl, cd4+ T-cell z-score at time of hrqoL 
assessment, nadir cd4+ T-cell z-score, duration of a cd4+ T-cell count <500 
(*109/L)) and/or cart-related factors (age at start of art and years without 
cart (%)). Co-variates were taken into the multivariable model when the uni-
variable P-value<0.2 in univariable analysis. The level of significance was set at 
P-value<0.05.

Data entry and management was performed using OpenClinica© soft-
ware. Statistical analyses were carried out using Stata Statistical Software, 
release 12 (StataCorp lp, College Station, tx, usa).

Results
study population characteristics

In total, 33 hiv-infected and 37 healthy controls were included (Table 1). More 
hiv-infected children were born outside the Netherlands (hiv-infected: 70%; 
healthy: 5%, P-value<0.001). Of them, three were adopted (9%) and 7 were in 
foster care (21%). Special education due to more limited learning skills was 
needed in 1 healthy child (3%), and 7 hiv-infected children (21%), of whom one 
was diagnosed with attention deficit/hyperactivity disorder. Parental educa-
tion and employment as well as household composition was similar for both 
groups.

Most (49%) hiv-infected children had been diagnosed while moderately 
symptomatic (cdc category B). Nine (27%) had been diagnosed with aids (cdc 
category C). Thirty children (90%) were on cart at the time of hrqoL evalua-
tion, two (6%) had been on cart previously, and one had never been on cart 
(3%). Twenty-six hiv-infected children (79%) were aware of their hiv status. 
The 7 children yet unaware of their hiv-infection had a median age of 10.2 
years (iqr 8.4-10.9).
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hrqoL scores

Table 2 shows the Pedsql™ results of all participants and the Dutch norm pop-
ulation. The mean emotional score of the younger hiv-infected children (8-12 
years) was 7 points higher than the Dutch norm, and 7.8 points higher than the 
healthy controls. The social score of the hiv-infected group was 6.3 points lower 
than the healthy controls. Nonetheless, no significant differences were detected 
between mean scores of hiv-infected children compared to both control groups.

The proportion of hiv-infected children with an impaired hrqoL was 
significantly higher than the Dutch norm population in the school subscale 
(n=9, 27%; P-value=0.045). An identical number was impaired in the total score 
(n=9, 27%), however this was not significantly different from the Dutch norm 
(P-value=0.078). The healthy ses-matched control group had a lower propor-
tion of children with impairment on the emotional, school, physical and total 
subscales, however these differences were not significant compared to the 
hiv-infected children (Figure 1).

 
Figure 1. Proportion of children with a score ≥1 sd below the mean of the Dutch norm  

population on the different domains of health-related quality of life (hrqoL)

factors associated with impaired hrqoL  
in the hiv-infected group

Table 3 shows the logistic regression analysis investigating factors associated 
with impairment on the total Pedsql™ score. None of the explored demograph-
ic characteristics, hiv- or cart-related markers were associated with this score. 
The logistic regression models for all other Pedsql™ scores within the hiv-in-
fected group are depicted in Table 4 and 5, and also exposed no associations.
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Table 1. Demographic characteristics 

hiv-infected (n=33) Healthy (n=37)
Sociodemographic characteristics value value p-value

Male gender 16 (49) 18 (49) 0.989

Age at hrqol assessment 13.6 (12.2-15.9) 12.1 (11.5-15.9) 0.192

Ethnicity Black 27 (72) 28 (75) 0.391

Mixed black 4 (12) 6 (16)

Caucasian 0 (0) 3 (8)

Other 2 (6) 0 (0)

Country of birth Netherlands 10 (30) 35 (95) <0.001*

Sub Saharan Africa 18 (55) 2 (5)

Suriname 2 (6) 0 (0)

Other 3 (9) 0 (0)

Age arrived in the Netherlands (years) 4.7 (2.6-6.9) 4.5 (2.4-6.5) <0.001*

Care setting One parent 21 (64) 25 (68)

0.558Two parents 11 (33) 12 (32)

Other 1 (3) 0 (0)

Adoption Not adopted 23 (70) 37 (100)

0.001*Adopted 3 (9) 0 (0)

Foster Care 7 (21) 0 (0)

Education child Primary School 10 (30) 19 (51)

0.292
High school 11 (33) 14 (38)

Special primary/high school 7 (21) 1 (3)

Other 5 (15) 3 (8)

Country of birth m/f Netherlands 1 (3)/4 (12) 6 (16)/ 8 (22)

<0.001*
Sub Saharan Africa 25 (76)/18 (55) 8 (22)/ 5 (14)

Suriname 3 (9)/4 (12) 19 (51)/ 20 (54)

Other 4 (12)/7 (21) 4 (11)/ 4 (11)

Marital status Married 9 (27) 9 (24)

0.858Divorced or single 23  (70) 25 (67)

Other 1 (3) 3 (8)

isced educational level parent^^ 5 (4-6) 5 (5-6) 0.707

One parent employed 18 (58) 25 (68) 0.418

Two parents employed 5 (18) 9 (24) 0.530
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hiv-infected (n=33) Healthy (n=37)

hiv- or cart related characteristic value value p-value

Clinical

Age at hiv diagnosis (y) 2.3 (0.7-4.9) - -

hiv diagnosis disclosed 26 (79%)

cdc category N 4 (12) - -

A 4 (12) - -

B 16 (49) - -

C 9 (27) - -

Cerebral hiv/aids 3 (9) - -

cd4+ t-cells and hiv viral load

Peak hiv viral load (log copies/mL) 5.5 (5.1-5.9) - -

Nadir cd4+ t-cell z-score -0.7 (-1.5- -0.4) - -

hiv viral load at hrqol Undetectable 28 (85) - -

Detectable 5 (15) - -

cd4+ t-cell count at hrqol 770 (580-980) - -

Time living with a detectable viral load (years) 6.9 (4.9-8.9) - -

Time with cd4+ t-cell count <500*106/L (years) 0.7 (0.0-1.8) - -

cart

Age at cart initiation 2.6 (1.0-6.2) - -

Current cart use 30 (90%) - -
 

hrqoL=Health-Related Quality of Life. m/f=mother/father. isced: International Standard Classification  
of Education. cdc= Center for Disease Control and Prevention category (N=no clinical signs, A=minimal signs, 

B=moderate signs, c=aids). Values are N (%) or median (iqr). *: p-value<0.05. ̂ ^: Most educated parent
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Table 2. hiv-infected children as compared to ses-matched healthy controls and the Dutch norm population 

Pedsql™ 
domains

hiv-infected Healthy 
Controls

Dutch Norm hiv vs. Healthy 
Controls

hiv vs. Dutch 
Norm

n Mean sd n Mean sd n Mean sd p- 
value

Effect  
size

p- 
value

Effect  
size

8-
12

 ye
ar

s

Total 14 83.0 11.9 22 82.4 11.0 192 82.3 8.8 0.881 0.05 0.786 0.08

Physical 14 87.1 13.8 22 85.1 11.4 192 85.3 8.9 0.646 0.16 0.483 0.20

Psychosocial 14 80.8 12.4 22 81.0 12.6 192 80.8 10.3 0.972 0.01 0.976 0.00

Emotional 14 83.9 15.7 22 76.1 17.4 192 76.9 13.8 0.183 0.46 0.067 0.51

Social 14 83.9 15.3 22 90.2 12.2 192 86.5 12.2 0.181 0.47 0.455 0.21

School 14 74.6 11.5 22 76.6 14.5 192 78.9 11.9 0.674 0.14 0.199 0.36

13
-1

8 
ye

ar
s

Total 19 84.0 12.6 15 83.3 9.5 148 83.1 9.0 0.855 0.01 0.714 0.10

Physical 19 85.2 14.2 15 86.0 11.4 148 86.8 9.2 0.853 0.06 0.517 0.17

Psychosocial 19 83.3 13.0 15 81.8 10.7 148 81.2 10.2 0.711 0.13 0.409 0.21

Emotional 19 83.2 21.3 15 80.0 13.9 148 77.5 15.0 0.623 0.17 0.147 0.38

Social 19 92.6 11.3 15 90.0 12.0 148 90.1 11.4 0.517 0.23 0.369 0.22

School 19 74.2 14.3 15 75.3 15.5 148 76.0 12.7 0.828 0.08 0.581 0.14
 

N=number. sd=Standard Deviation
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Table 3. Logistic regression model on total Pedsql™ scores within the hiv-infected group 

 Impaired on Total score

uva mva
n or 95 % ci p-value or 95 % ci p-value

Sociodemographic characteristics

Female gender 17 1.25 0.27-5.83 0.776 - - -

Age arrived in the Netherlands 33 0.92 0.72-1.18 0.523 - - -

Years in the Netherlands at Pedsql™ 33 1.01 0.86-1.19 0.881 - - -

Adoption status Biological parents 23 - - - - - -

Foster family/adoption 10 1.21 0.24-6.27 0.817 - - -

hiv status disclosed 26 0.92 0.14-5.89 0.931 - - -

Disease severity markers

hiv viral load at hrqol assessment 33 0.06 0.27-3.19 0.067 0.10 0.00-2.03 0.132

Duration with detectable hiv viral load (y) 33 0.84 0.65-1.09 0.193 0.86 0.62-1.20 0.378

Peak hiv viral load (log copies/mL) 29 0.92 0.27-3.19 0.898 - - -

cd4+ t-cell z-score at hrqol assessment 33 0.12 0.01-2.37 0.163 0.04 0.00-2.12 0.114

Nadir cd4+ t-cell z-score 31 0.47 0.13-1.70 0.253 - - -

Duration with cd4+ t-cell count <500 (*106/L) 33 1.02 0.63-1.63 0.945 - - -

Clinical marker

cdc category n/a 8 - - - - - -

 B 16 1.80 0.27-11.96 0.543 - - -

 C 9 0.38 0.03-5.17 0.464 - - -

Therapy-related factors

Age at start cart 30 0.94 0.74-1.18 0.590 - - -

Years without cart (%) 30 0.99 0.96-1.02 0.621 - - -
 

uva=univariable analysis. mva=multivariable analysis. hrqoL=Health-related Quality of Life.  
cdc= Center for Disease Control and Prevention category (N=no clinical signs, A=minimal signs,  

B=moderate signs, c=aids). cart=combination antiretroviral therapy. or=odds ratio.  
95% ci=95% confidence interval. (%)=percentage. (y)=years. *=p-value<0.05
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Table 4. Logistic regression analysis on Pedsql™ scores within the hiv-infected group

Impaired on Physical score Impaired on Psychosocial score∩ Impaired on Emotional score

uva mva uva uva mva

n or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value

Sociodemographic characteristics

Female gender 17 1.33 0.25-7.17 0.738 - - - 1.33 0.25-7.17 0.738 0.93 0.16-5.45 0.935 - - -

Age arrived in the Netherlands 33 0.88 0.66-1.17 0.367 - - - 1.09 0.85-1.40 0.480 1.07 0.83-1.39 0.596 - - -

Years in the Netherlands at hrqol assessment 33 1.13 0.93-1.37 0.235 - - - 0.91 0.76-1.09 0.296 1.01 0.84-1.21 0.944 - - -

Adoption status Biological parents 23 - - - - - - - - - - - - - - -

Foster family/adoption 10 0.31 0.03-3.03 0.317 - - - 2.04 0.36-11.48 0.421 1.19 0.18-7.84 0.858 - - -

hiv status disclosed 26 * * * - - - 0.60 0.09-4.01 0.594 1.43 0.14-14.70 0.764 - - -

Disease severity markers

hiv viral load at hrqol assessment 33 0.03 0.00-1.29 0.067 0.01 0.00-1.44 0.067 0.14 0.01-2.47 0.179 0.21 0.01-3.18 0.262 - - -

Duration with detectable hiv viral load (y) 33 0.91 0.69-1.18 0.469 - - - 0.85 0.64-1.13 0.261 0.96 0.73-1.26 0.759 - - -

Peak hiv viral load (log copies/mL) 29 1.01 0.27-3.82 0.986 - - - 0.36 0.07-1.77 0.208 0.27 0.05-1.60 0.148 0.26 0.03-1.91 0.184

cd4+ t-cell count at hrqol assessment 33 0.05 0.00-2.50 0.133 0.08 0.00-14.75 0.337 0.38 0.03-5.02 0.465 0.00 0.00-1.53 0.070 0.02 0.00-8.17 0.205

Nadir cd4+ t-cell z-score 31 0.35 0.08-1.53 0.163 0.19 0.02-1.94 0.161 0.90 0.26-3.17 0.873 0.37 0.08-1.74 0.209 - - -

Duration with cd4+ t-cell count <500*106/L 33 1.16 0.72-1.87 0.554 - - - 0.85 0.46-1.57 0.607 1.40 0.86-2.28 0.171 1.27 0.64-2.51 0.488

Clinical marker

cdc category n/a 8 - - - - - - - - - - - - - - -

 B 16 3.18 0.30-33.3 0.334 - - - 3.18 0.30-33.26 0.334 ** ** ** - - -

 C 9 0.88 0.05-16.7 0.929 - - - 0.88 0.05-16.74 0.929 ** ** ** - - -

Therapy-related factors

Age at start cart 30 0.93 0.72-1.20 0.578 - - - 1.06 0.84-1.33 0.613 1.04 0.82-1.33 0.724 - - -

Years without cart (%) 30 0.98 0.95-1.01 0.368 - - - 1.03 0.82-1.27 0.823 1.01 0.80-1.28 0.918 - - -
 

uva=univariable analysis. mva=multivariable analysis. hrqoL=Health-related Quality of Life. or=odds ratio. 
95% ci=95% confidence interval. cart=combination antiretroviral therapy. (%)=percentage. (y)=years.  

∩=no associations in uva-no mva performed. *=100% of the children impaired on the physical scal were  
hiv disclosed. **100% of the children impaired on the psychosocial score were in cdc category B.
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Table 4. Logistic regression analysis on Pedsql™ scores within the hiv-infected group
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uva mva uva uva mva

n or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value
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Female gender 17 1.33 0.25-7.17 0.738 - - - 1.33 0.25-7.17 0.738 0.93 0.16-5.45 0.935 - - -

Age arrived in the Netherlands 33 0.88 0.66-1.17 0.367 - - - 1.09 0.85-1.40 0.480 1.07 0.83-1.39 0.596 - - -

Years in the Netherlands at hrqol assessment 33 1.13 0.93-1.37 0.235 - - - 0.91 0.76-1.09 0.296 1.01 0.84-1.21 0.944 - - -

Adoption status Biological parents 23 - - - - - - - - - - - - - - -

Foster family/adoption 10 0.31 0.03-3.03 0.317 - - - 2.04 0.36-11.48 0.421 1.19 0.18-7.84 0.858 - - -

hiv status disclosed 26 * * * - - - 0.60 0.09-4.01 0.594 1.43 0.14-14.70 0.764 - - -

Disease severity markers

hiv viral load at hrqol assessment 33 0.03 0.00-1.29 0.067 0.01 0.00-1.44 0.067 0.14 0.01-2.47 0.179 0.21 0.01-3.18 0.262 - - -

Duration with detectable hiv viral load (y) 33 0.91 0.69-1.18 0.469 - - - 0.85 0.64-1.13 0.261 0.96 0.73-1.26 0.759 - - -

Peak hiv viral load (log copies/mL) 29 1.01 0.27-3.82 0.986 - - - 0.36 0.07-1.77 0.208 0.27 0.05-1.60 0.148 0.26 0.03-1.91 0.184

cd4+ t-cell count at hrqol assessment 33 0.05 0.00-2.50 0.133 0.08 0.00-14.75 0.337 0.38 0.03-5.02 0.465 0.00 0.00-1.53 0.070 0.02 0.00-8.17 0.205

Nadir cd4+ t-cell z-score 31 0.35 0.08-1.53 0.163 0.19 0.02-1.94 0.161 0.90 0.26-3.17 0.873 0.37 0.08-1.74 0.209 - - -

Duration with cd4+ t-cell count <500*106/L 33 1.16 0.72-1.87 0.554 - - - 0.85 0.46-1.57 0.607 1.40 0.86-2.28 0.171 1.27 0.64-2.51 0.488

Clinical marker

cdc category n/a 8 - - - - - - - - - - - - - - -

 B 16 3.18 0.30-33.3 0.334 - - - 3.18 0.30-33.26 0.334 ** ** ** - - -

 C 9 0.88 0.05-16.7 0.929 - - - 0.88 0.05-16.74 0.929 ** ** ** - - -

Therapy-related factors

Age at start cart 30 0.93 0.72-1.20 0.578 - - - 1.06 0.84-1.33 0.613 1.04 0.82-1.33 0.724 - - -

Years without cart (%) 30 0.98 0.95-1.01 0.368 - - - 1.03 0.82-1.27 0.823 1.01 0.80-1.28 0.918 - - -
 

uva=univariable analysis. mva=multivariable analysis. hrqoL=Health-related Quality of Life. or=odds ratio. 
95% ci=95% confidence interval. cart=combination antiretroviral therapy. (%)=percentage. (y)=years.  

∩=no associations in uva-no mva performed. *=100% of the children impaired on the physical scal were  
hiv disclosed. **100% of the children impaired on the psychosocial score were in cdc category B.
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Table 5. Logistic regression analysis on Pedsql™ scores within the hiv-infected group

 
  

 Impaired on Social score Impaired on School score

uva        mva         uva mva

n or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value or 95 % ci p-value

Sociodemographic characteristics

Female gender 17 0.93 0.12-7.55 0.948 - - - 0.68 0.15-3.16 0.620 - - -

Age arrived in the Netherlands 33 1.13 0.83-1.53 0.439 - - - 1.14 0.90-1.43 0.271 - - -

Years in the Netherlands at hrqol 33 0.80 0.62-1.04 0.100 0.82 0.60-1.13 0.226 0.86 0.73-1.03 0.094 0.93 0.74-1.16 0.507

Adoption status Biological parents 23 - - - - - - - - - - - -

Foster/adoption 10 2.63 0.31-21.92 0.373 - - - 1.21 0.24-6.27 0.817 - - -

hiv status disclosed 26 0.21 0.02-1.85 0.159 0.70 0.05-10.50 0.794 0.18 0.03-1.07 0.059 0.31 0.03-3.17 0.321

Disease severity markers  

hiv viral load at hrqol assessment 33 0.13 0.00-5.95 0.292 - - - 0.34 0.06-1.97 0.228 - - -

Duration with detectable hiv viral load (y) 33 0.92 0.66-1.28 0.620 - - - 0.96 0.76-1.21 0.721 - - -

Peak hiv viral load (log copies/mL) 29 0.74 0.13-4.20 0.737 - - - 1.20 0.34-4.22 0.780 - - -

cd4+ t-cell count at hrqol assessment 33 0.25 0.00-9.86 0.456 - - - 0.75 0.10-5.58 0.779 - - -

Nadir cd4+ t-cell z-score 31 0.87 0.18-4.22 0.862 - - - 0.66 0.19-2.31 0.517 - - -

Duration with cd4+ t-cell count <500*106/L 33 0.72 0.27-1.93 0.512 - - - 1.24 0.79-1.95 0.343 - - -

Clinical marker

cdc category n/a 8 - - - - - - - - - - - -

 B 16 1.00 0.08-13.01 1.000 - - - 4.20 0.41-43.04 0.227 - - -

 C 9 0.88 0.05-16.74 0.929 - - - 2.00 0.15-27.45 0.604 - - -

Therapy-related factors

Age at start cart 30 1.09 0.83-1.43 0.555 - - - 1.08 0.87-1.35 0.484 - - -

Years without cart (%) 30 1.05 0.81-1.37 0.706 - - - 1.04 0.85-1.28 0.701 - - -
 

uva=univariable analysis. mva=multivariable analysis. hrqoL=Health-related Quality of Life. or=odds ratio. 
95% ci=95% confidence interval. cart=combination antiretroviral therapy. (%)=percentage. (y)=years.
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Table 5. Logistic regression analysis on Pedsql™ scores within the hiv-infected group
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uva        mva         uva mva
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Years in the Netherlands at hrqol 33 0.80 0.62-1.04 0.100 0.82 0.60-1.13 0.226 0.86 0.73-1.03 0.094 0.93 0.74-1.16 0.507

Adoption status Biological parents 23 - - - - - - - - - - - -

Foster/adoption 10 2.63 0.31-21.92 0.373 - - - 1.21 0.24-6.27 0.817 - - -

hiv status disclosed 26 0.21 0.02-1.85 0.159 0.70 0.05-10.50 0.794 0.18 0.03-1.07 0.059 0.31 0.03-3.17 0.321

Disease severity markers  

hiv viral load at hrqol assessment 33 0.13 0.00-5.95 0.292 - - - 0.34 0.06-1.97 0.228 - - -

Duration with detectable hiv viral load (y) 33 0.92 0.66-1.28 0.620 - - - 0.96 0.76-1.21 0.721 - - -

Peak hiv viral load (log copies/mL) 29 0.74 0.13-4.20 0.737 - - - 1.20 0.34-4.22 0.780 - - -

cd4+ t-cell count at hrqol assessment 33 0.25 0.00-9.86 0.456 - - - 0.75 0.10-5.58 0.779 - - -

Nadir cd4+ t-cell z-score 31 0.87 0.18-4.22 0.862 - - - 0.66 0.19-2.31 0.517 - - -

Duration with cd4+ t-cell count <500*106/L 33 0.72 0.27-1.93 0.512 - - - 1.24 0.79-1.95 0.343 - - -

Clinical marker

cdc category n/a 8 - - - - - - - - - - - -

 B 16 1.00 0.08-13.01 1.000 - - - 4.20 0.41-43.04 0.227 - - -

 C 9 0.88 0.05-16.74 0.929 - - - 2.00 0.15-27.45 0.604 - - -

Therapy-related factors

Age at start cart 30 1.09 0.83-1.43 0.555 - - - 1.08 0.87-1.35 0.484 - - -

Years without cart (%) 30 1.05 0.81-1.37 0.706 - - - 1.04 0.85-1.28 0.701 - - -
 

uva=univariable analysis. mva=multivariable analysis. hrqoL=Health-related Quality of Life. or=odds ratio. 
95% ci=95% confidence interval. cart=combination antiretroviral therapy. (%)=percentage. (y)=years.
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Discussion
The mean hrqoL of hiv-infected children living in the Netherlands was not 
different from healthy, ses-matched controls, or from the Dutch norm pop-
ulation. This is in contrast with previous studies, which repeatedly reported 
a compromised hrqoL in hiv-infected adults and children.7-13 Whereas no 
differences in means were observed on group level, there was a significant-
ly higher proportion of hiv-infected children with impairment on the total 
Pedsql™ subscale, suggesting that hiv-infected children in the Netherlands 
are still more vulnerable to a compromised hrqoL. These differences were 
only significant in comparison to the Dutch norm population and not to the 
ses-matched healthy control group, implying that both ses and hiv-infection 
may affect hrqoL, resulting in a double disadvantage in the hiv-infected 
group.

Previous studies in children with hiv predominantly observed a lower 
hrqoL on physical, school and psychosocial scores.7-13 In this study a signifi-
cant difference was only found between the hiv-infected and the Dutch norm 
group on impairment in the school subscale. The impairment on school level 
may be explained by our recent study in the same study groups, in which we 
found that the hiv-infected children performed poorer on several cognitive 
domains including intelligence and information processing speed compared 
to the ses-matched healthy control group.35 In addition, regardless of the 
decent physical health of the hiv-infected children, recurrent school absence 
due to control visits to the outpatient clinic may affect their perception of 
hrqoL in the context of school.

Previous studies repeatedly showed that better immunity was associated 
with a higher hrqoL in hiv-infected children.9,10,24,25 An explanation for this 
may be that less hiv-related complications occur with a better immunological 
state. In our study, no such association was found, however our hiv-infect-
ed group all had an adequate cd4+ T-cell count, and no complications due to 
impaired immunology. cart is another important factor potentially affecting 
hrqoL.6,7,10 However, the age at cart initiation and the percentage of years 
without cart were not significantly associated with hrqoL in this study, 
which was analogous to the predict study from southeast Asia in which 
children who had started cart early did not report a different hrqoL from 
children with deferred cart initiation.13

Besides disease-related factors, domestic aspects have been proposed as 
predictors of hrqoL. Studies from Italy, India and rural China showed that 
hiv-infected children living in foster families reported a better hrqoL than 
children living with their biological parents. An hiv-infected child living with 
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his or her biological parents may be exposed to more negative life events, 
including loss of (multiple) family members, the burden of chronic illness 
and the higher risk of parental psychological issues including depression, and 
stigma on family members as well as on themselves.36 In addition, children 
living with surrogate caregivers may receive increased support when an event 
such as the loss of a parent has occurred.7,8,12 Our study could detect no asso-
ciations between the domestic situation and the reported hrqoL. However, 
multidisciplinary care by doctors, nurses, psychologists and social workers is 
provided for every hiv-infected child in the Netherlands, which may attenu-
ate the abovementioned positive effect of living in a foster or adoptive family. 
Besides, all hiv-infected children in the Netherlands are covered by health 
insurance, which has been shown to positively influence hrqoL in children 
with sickle cell disease.37 Of note, the lack of an association between domes-
tic situation and hrqoL may also be the result of an underpowered analysis, 
for the number of hiv-infected children in adopted families or foster care was 
low. However, as our study is the first from Western Europe, comparisons to 
European countries with similar health, social and economic support systems 
to the Netherlands are not yet attainable.

The Pedsql™ is not a disease-targeted questionnaire. This has the advan-
tage of enabling comparison between patients and healthy controls, or among 
different patient populations. However, it might also miss specific aspects 
of hrqoL related to, in this case, hiv-infection; features such as (fear of ) 
social stigmatization, secret-keeping of hiv and consequent lack of peer-sup-
port, compromised sexual development, the burden of daily medication and 
recurrent periods of school absence. Sexuality is one of the main challenges 
faced by healthy adolescents, and an even more intricate case in adolescents 
growing up with hiv. In a study in Thailand, the Pedsql™ was supplement-
ed with a 17-item disease specific hiv-targeted scale, mainly on hiv-related 
complications or adverse effects of cart.38 The addition of these items was not 
associated with the self-rated severity of disease, whilst all Pedsql™ subscales 
did show these associations.

The current study may have detected more pronounced differences 
between hiv-infected cases and controls if the abovementioned hiv-specific 
aspects would have been included in the hrqoL assessment. Further studies 
are needed to investigate the value of additional hiv-specific aspects to the 
generic hrqoL questionnaires.

This is the first study on hrqoL in hiv-infected children in Western 
Europe, and in contrast with previous pediatric research incorporates a ses-
matched healthy control group. However, our results must be interpreted with 
caution. The small study groups may have resulted in the absence of certain 
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associations in the logistic regression models, while the cross-sectional design 
limits the possibility of drawing causal conclusions. Furthermore, the school 
subscale had a medium internal consistency (α=0.40), which warrants careful 
interpretation of these results.

Nonetheless, the current study shows that the mean hrqoL of hiv-infect-
ed children in the Netherlands was not different from ses-matched healthy 
controls, or from the Dutch norm population. This finding is in contrast with 
previous studies in children with hiv, and may be explained by various dis-
ease-, therapy- and socioeconomic factors. However, the higher proportion of 
children with impairment on specific hrqoL subscales implies that monitor-
ing of hrqoL remains an important aspect of care for hiv-infected children 
and adolescents, and additional studies are needed to address the psychoso-
cial impact of various hiv-specific factors potentially harmful for hrqoL. 
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long-term outcomes of children treated for hiv-infection

Abstract
background: Longitudinal studies objectively evaluating changes in regional 
fat distribution of hiv-infected children assessed by whole body dual energy 
X-ray absorptiometry (dexa) are scarce, whilst this long-term effect of hiv 
and antiretroviral therapy (cart) is an important issue in infected children in 
need for lifelong treatment. 
methods: We assessed regional fat distribution over time, measured with 
sequential dexa-scans in hiv-infected children on cart in cohorts from 
South Africa (sa) and the Netherlands (nl), and in healthy controls (sa). Limb 
and trunk fat z-scores were calculated with the lambda-mu-sigma (lms) meth-
od. Multivariable linear regression models with mixed effects were used to 
investigate the effect of cart compounds on body fat distribution over time. 
results: In total, 218 children underwent 445 dexa assessments with a median 
follow-up of 3.5 years. Fat mass in all limbs was decreased in hiv-infected chil-
dren compared to controls (arm fat z-score: coefficient -0.4813; P-value=0.006, 
leg fat z-score: coefficient -0.4345; P-value =0.013). In the hiv-infected group, 
stavudine treatment was associated with lower subcutaneous fat mass (arm 
fat z-score: coefficient -0.5838; P-value =0.001), with an additional cumulative 
exposure effect (arm fat z-score: coefficient -0.0867; P-value =0.003).
conclusion: Our study shows that subcutaneous fat loss is still prevalent in 
hiv-infected children on cart, and is strongly associated with cumulative 
stavudine exposure. These results underline the need for early detection of 
subcutaneous fat loss and alternative treatment options for hiv-infected chil-
dren globally.

Introduction
The scale-up of combination antiretroviral therapy (cart) has resulted in 
a rapidly growing number of hiv-infected patients receiving cart globally. 
In view of the need for lifelong treatment, the impact of several short- and 
long-term complications of cart has become increasingly important, espe-
cially for hiv-infected children.1 Changes in fat metabolism and distribution 
are amongst the most important of these long-term complications.2,3 These 
changes are physically manifested as lipoatrophy (loss of subcutaneous fat) 
and lipohypertrophy (visceral fat accumulation).4 Lipoatrophy is associated 
with stigma and reduced therapy adherence, in particular in children and 
young adolescents.5 The accumulation of visceral fat affects metabolic and 
inflammatory processes and is consequently associated with a higher risk of 
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coronary artery disease and diabetes mellitus type ii.3,6 Although the under-
lying mechanisms may differ, lipoatrophy and lipohypertrophy can occur 
simultaneously.

Specific antiretroviral compounds, in particular the nucleoside reverse 
transcriptase inhibitors (nrtis) have been implicated in the etiology of 
lipoatrophy.7-10 nrtis, especially stavudine and zidovudine, inhibit mito-
chondrial dna polymerase gamma activity and subsequent mitochondrial 
functioning, resulting in a decrease in lipogenesis and an increase in lipoapop-
totic mediators.11,12 Until 2010, the World Health Organization’s (who) 
first-line regimen options for hiv-infected children included both stavudine 
and zidovudine. Although who guidelines no longer recommend it, many 
children in sub-Saharan Africa continue to receive stavudine as part of their 
cart regimen13, as is the case for zidovudine. Other components of cart, 
such as protease inhibitors (pis) are also reported to have an effect on regional 
fat distribution and fat metabolism.4,10,14 Recently, elevations in low density 
lipoprotein and triglycerides in children on a lopinavir/ritonavir (lopinavir/r) 
based cart regimen were reported, as well as changes in body fat composi-
tion.10 With the latest who guidelines recommending lopinavir/r as firstline 
treatment for children under three years of age1, these findings require further 
assessment.

Assessing regional fat mass accurately and objectively is challenging. Pedi-
atric studies have predominantly used visual assessment, anthropometry and 
bioelectrical impedance with a high variability.7-10,15 Dual Energy X-ray Absorp-
tiometry (dexa) has proved to be a reliable method providing consistent and 
detailed information on regional fat mass. Recently, body composition of a 
cohort of hiv-infected children on cart was assessed in a study on the preva-
lence of visually obvious lipoatrophy in Cape Town, South Africa.9 A subset of 
children in this cohort also underwent dexa. In the Netherlands, bone min-
eral density and regional body fat of hiv-infected children on cart has been 
monitored by dexa for clinical purposes since 2002 in the Academic Medical 
Center in Amsterdam and the Utrecht University Medical Center. Together, 
these two cohorts provide the unique opportunity to assess changes over time 
in regional fat mass in cart-treated, hiv-infected children on two continents.

Patients and Methods
ethics statement

In the Netherlands, all dexa scans were obtained for clinical purposes and 
results were collected and analysed anonymously. The demographic, hiv- and  
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cart-related information was obtained from the hiv monitoring foundation 
database. The hiv monitoring foundation database includes anonymized 
data from all hiv-infected children living in the Netherlands who receive 
care in one of the four pediatric hiv treatment centers. hiv-infected chil-
dren and their caregivers are informed about the data collection by their 
treating physician and patients can object to further collection accord-
ing to an opt-out procedure. Written informed consent and ethical 
approval is not obtained, as data collection is part of hiv care in the Netherlands. 
For the South African cohort the Ethics Committee for Human Research of 
the Stellenbosch University approved the study. Written informed consent 
was obtained from each caregiver and informed consent was obtained from 
capable children.

All patient-related data were stored in a secured database under a patient 
identifying number and kept strictly confidential.

participants

Participants were included from 2 cohorts of hiv-infected children: 1) from 
the Netherlands in care at the Academic Medical Center (Amsterdam) and 
University Medical Center (Utrecht); and 2) from Tygerberg Children’s 
Hospital in South Africa (Cape Town). In the South African cohort, age-, 
gender-, and socioeconomically-matched healthy controls from the same 
community as the hiv-infected children were also included.16 Of note, most 
children from the Netherlands are black or mixed black, and are first or sec-
ond-generation immigrants from sub-Saharan African descent.17

In the Netherlands, all hiv-infected children on cart underwent con-
secutive whole body dexa-scans with median intervals of 1.9 years (iqr 1.5 to 
2.7) to monitor bone mineral density and regional fat distribution for clinical 
purposes.18 All dexa-scans performed from January 2002 until May 2012 were 
included in this study. 

In South Africa, cart-treated, pre-pubertal children between 3-12 years old 
were recruited between February 2010 and January 2011 for an earlier study on 
lipoatrophy as quantified by skin fold thickness.9 In this study, 100 children 
were included (190 subjects met the inclusion criteria, 121 agreed to participate 
yet 21 did not attend the study visits). There were no demographic differences 
between the enrolled and unenrolled subjects (P-value>0.20 for age, gender, 
cumulative time on stavudine and cd4+ T-cell count). In addition to skin fold 
measurements, as many study participants as logistically possible underwent 
dexa scans (n=77), which were the participants included in the current study. 
There was no difference in gender, cumulative time on stavudine or cd4+ 
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T-cell count between subjects who underwent dexa and those who did not 
(P-value>0.50 for all). After the initial referral to the tertiary hospital upon 
diagnosis and inclusion in the study, a proportion of children were transferred 
to local clinics and not under care after 1 year. Therefore, only 32 (42%) of the 77 
children underwent a follow-up dexa scan. The children with a second dexa 
scan had a median 1.2 year interval between both scans (iqr 1.1 to 1.3). 

study parameters

For the Dutch cohort, demographic and hiv/cart-related parameters, and 
Center for Disease Control and prevention (cdc) classifications were extract-
ed from the Dutch hiv Monitoring Foundation database.19 In South Africa 
this information was derived from the electronic health record database and 
the central electronic laboratory results server.9 The cdc classifications from 
the Netherlands were manually changed to who disease stages. Ethnicity 
was divided into four main groups; black, white, mixed black (children from 
the Dutch cohort with one black and one white parent), and mixed ethnicity. 
Mixed ethnicity was defined as a heterogeneous ethnic group living in Cape 
Town, with ancestry from Europe, Malaysia and Southern Africa.

dexa scans

In the Netherlands, scans were performed on the Hologic dexa scanner 
(qdr4500W®; Hologic Inc, Waltham, ma), on which trunk and individual limb 
fat mass (grams), lean mass (grams) and fat percentage were determined. In 
September 2011, the Hologic qdr4500W® scanner in the Netherlands was 
replaced by the Hologic Discovery®, calibrated to the previous machine with no 
effect on the output generated. In South Africa, a Hologic Discovery® was used 
for all scans. All scans were performed and processed according to the same 
manufacturer’s protocol. dexa-output from both centers was exchanged and 
re-evaluated by investigators from the other center, providing similar results.

statistical analysis

All statistical analyses were carried out using Stata ic version 10, 2009 
(StataCorp, Texas). Descriptive statistics were performed on the demographic 
and hiv-related characteristics. Designated tests for parametric (Student’s 
T-test) and non-parametric (Kruskal-Wallis and Mann-Whitney U) numerical 
data, and the Chi-square test for categorical data were used to compare vari-
ables between groups.
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A dexa scan assesses fat, bone and lean body mass of the arms, legs and 
trunk, providing separate measurements for these body compartments. We 
analysed the left leg, left arm, trunk fat and left arm fat versus lean ratio as 
these have shown consistent results in previous studies on lipoatrophy and 
lipohypertrophy.20 

Instead of assessing absolute measurements, we used age-adjusted 
z-scores in our analyses. Age-adjusted z-scores provide the opportunity to 
analyse body fat measurements over time, as a child’s regional fat mass var-
ies substantially with age. The absolute measures were transformed using 2 
methods: 1) Age related z-scores were constructed using all study participants 
(including the healthy controls) as the standard, providing the opportunity to 
evaluate how an individual participants’ measurement compares in z-score 
to the rest of the study group. This is a robust method to generate z-scores 
for this group as it includes the largest number of measurements. Secondly, 
it provides a measure of reference when comparing parameters of fat mass 
distribution in hiv-infected children from South Africa and the Netherlands. 
2) Recently, a standard of regional fat mass of children in the United Kingdom 
was published and we used this standard to create a second set of age-relat-
ed z-scores of the absolute measurements of our study participants.21 This 
latter method provides the opportunity to control for potential differences 
between regions. In both cases the age-adjusted z-scores were obtained using 
the lambda-mu-sigma (lms) method. The lms method enables calculation of 
normalized centile standards and transforms measurements into z-scores, 
as previously described.22 The arm fat versus lean ratio was not transformed 
into z-scores as it varies less with age.20,23 So although the aim of the study was 
to investigate hiv- and cart-related parameters in hiv-infected children, 
we aimed to identify the magnitude of the differences compared to a normal 
population9,24,25 by 1. comparing the hiv-infected children with uninfected 
children from South Africa and 2. deriving z-scores from a European standard.

Within the hiv-infected group, the effects of various demographic, hiv- 
and cart-related variables on body fat distribution over time were assessed 
with multivariable linear regression models on the lms-calculated z-scores. 
Mixed effects linear regression models incorporating maximum likelihood 
estimation were generated to take into account repeated measurements and 
changes over time within individuals. In these models, the number of dexa 
scans was used as the panel variable, and the age at dexa scan as time variable. 
Therefore, the coefficient generated with mixed effects linear regression mod-
els describes an effect ’over time’. All models were adjusted for region of origin 
to account for differences between South African children and children living 
in the Netherlands. To assess whether there was a duration effect of treatment 
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with a specific compound, we repeated the analyses substituting the signifi-
cantly associated cart compound with a time dependent variable. A variable 
with a coefficient with a P-value <0.2 in univariable analysis was included in 
the multivariable model.

A sub-analysis was performed on children who ceased stavudine treat-
ment after their first dexa and had one or more subsequent dexa scans after 
switching away from stavudine. A Wilcoxon-signed-rank-test was used to 
assess the changes over time in the arm and leg z-scores in this subgroup of 
hiv-infected children.

Results
demographic data

A total of 218 children were included in the study; 98 hiv-infected from the 
Netherlands (nl), 77 hiv-infected-, and 43 uninfected healthy children 
from South Africa (sa) (Table 1). At their first dexa scan children from the 
Netherlands were older (median 7.4 years, iqr 5.1 to 10.2) than the South 
African group (median for hiv-infected children 6.3 years, iqr 4.9 to 8.6; 
P-value<0.01). The majority of both groups was black (nl: 68%, sa: 52%) or had 
a mixed ethnicity (nl: 20%, sa: 48%). Despite a higher length- and weight-
for-age in the hiv-infected children from the Dutch cohort, there was no 
difference in median bmi-for-age between hiv-infected children from both 
countries (nl: 0.4 (iqr -0.5 to 1.1); sa: 0.4 (iqr -0.4 to 1.1)).

 
Table 1. Participant characteristics at first dexa scan 

hiv-infected children Healthy children

Demographic variables n nl (n=98) n sa(n=77) n sa (n=43)

Gender Female 98 51 (52) 77 34 (44) 43 20 (47)

Male 47 (48) 43 (56) 23 (53)

Year of birth <1996 98 35 (36) 77 0 (0) 43 0 (0)

1996-2003 58 (59) 18 (23) 2 (5)

>2003 5 (5) 59 (77) 41 (95)

Age (years) 98 7.4 (5.1 to 10.2) 77 6.3 (4.9 to 8.6) ** 43 5.2 (5.0 to 5.7) ◊◊

Ethnicity Black 91 62 (68) 76 41 (54) 43 21 (49)

White 11 (12) 0 (0) 0 (0)

Mixed ethnicity 0 (0) 35 (46) 22 (51)

Mixed black 19 (20) 0 (0) 0 (0)
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hiv-infected children Healthy children

Height for age (Z) 98 -0.1 (-1.0 to 0.7) 75 -1.3 (-1.9 to -0.9) ** 43 -1.1 (-1.7 to -0.5)

Weight for age (Z) 72 0.3 (-0.6 to 1) 68 -0.5 (-1.2 to 0.1) ** 42 0·0 (-1.0 to 0.8) ◊

BMI for age (Z) 98 0.4 (-0.5 to 1.1) 75 0.4 (-0.4 to 1.1) 43 0.6 (0.0-1.4)

Duration follow-up (y) 75 4.8 (2.8 to 6.7) 32 1.2 (1.2 to 1.3) 28 1.2 (1.1-1.3)

Number of dexa scans 98 2.7 (1to 6) 77 1.4 (1 to 2) 43 1.7 (1-2)

hiv-associated variables

Maximum who clinical stage 0-2 78 24 (31) 77 7 (9) na

3 8 (10) 33 (43) na

4 46 (59) 36 (47) na
hiv vl (log cop/mL) at first 
dexa 97 1.7 (1.7 to 2.5) 74 1.8 (1.6 to 2.5) na
Undetectable hiv vl at first 
dexa >500 cop/mL 97 22 (23) 74 8 (11) na

<500 cop/mL 75 (77) 66 (89) na

cd4+ t-cell count (*106/L) cart initiation 90 441 (194 to 1050) 35 753 (375 to 1089) na

first dexa 95 930 (620 to 1260) 74 1142·5 (822 to 1524) ** na

cd4+ t-cell count (%) cart initiation 87 16 (8 to 26) 36 17 (13 to 23) na

first dexa 92 33 (25 to 37) 74 32 (27 to 38) na

Duration cart at first dexa (y) 97 3.1 (1.3 to 5.0) 76 4.4 (3.1 to 6.4) na

Total exposure time to cart (y) 97 7.6 (3.9 to 10.5) 76 5.1 (3.6 to 7.1) na

Age at cart initiation (y) 97 3.5 (1.2 to 6.6) 77 1.8 (0.7 to 3.2) ** na

Pre-treated with mono therapy 97 17 (17) 76 0 (0) na

cart compounds at first dexa Abacavir 38 (39) 33 (43) na

Stavudine 52 (53) 67 (87) na

Tenofovir 7 (7) 0 (0) na

Zidovudine 47 (48) 19 (25) na

Lopinavir 29 (30) 55 (71) na

Nelfinavir 44 (45) 0 (0) na

Efavirenz 46 (47) 26 (33) na

Nevirapine 15 (15) 0 (0) na
 

dexa=dual X-ray absorptiometry. sa= South Africa. nl= the Netherlands. Z= z-score. bmi= Body Mass Index. 
Y=years. who= World Health Organization. na= not applicable. hiv vl= hiv viral load. (Log) cop/mL=(log) 

copies/mL. cart=combination antiretroviral therapy. Values are n (%) or median (iqr). 
**=P<0.01 (nl hiv+ vs. sa hiv+)· ◊=P<0.05 (sa hiv+ vs. sa hiv-) ◊◊=P<0·01 (sa hiv+ vs. sa hiv-).  

All children were exposed to lamivudine at first dexa. 

In South Africa 90% of the children had a pre-cart who clinical stage 3 or 4 
at baseline, compared to 69% of children from the Netherlands, with no dif-
ference in hiv viral load and cd4+ T-cell percentage. cart exposure time was 
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similar between children from the Netherlands and South Africa. At first dexa 
scan, a larger proportion of children in South Africa were treated with stavu-
dine (nl: n=52, 53%, sa: n=67, 87%) and lopinavir (nl: n=29, 30%, sa: n=55, 71%) 
compared to Dutch children, while a higher percentage of Dutch children was 
treated with zidovudine (nl: n=47, 48%, sa: n=19, 25%) and efavirenz (nl: n= 46, 
47%, sa: n=26, 33%).

longitudinal data

The study included 445 dexa scans, including 373 scans from hiv-infected 
children. The median duration of follow-up of the children in the Netherlands 
with more than 1 dexa scan (n=75) was 4.8 years (iqr 2.8 to 6.7), with a maxi-
mum of 9.4 years. The South African cohort included 109 scans of hiv-infected 
children with 32 children having 2 consecutive scans with a median follow-up 
of 1.2 years (iqr 1.2 to 1.3, range 0.4 to 2.2). South African children with and 
without a follow-up scan were similar in gender (P-value=0.631), age at art ini-
tiation (P-value=0.562), cd4+ T-cell percentage (P-value=0.167), hiv viral load 
(P-value=0.614), art exposure years (P-value=0.412), cumulative stavudine 
exposure (P-value=0.980) and cumulative lopinavir exposure (P-value=0.686) 
(all at first dexa scan). In the healthy controls 71 scans were performed with 28 
children having 2 consecutive scans with a median follow-up of 1.2 years (iqr 
1.1 to 1.3, range 0.4 to 1.6). 

We confirmed with multivariable regression analyses adjusting for coun-
try of origin, gender, and ethnicity that the hiv-infected children had a lower 
left arm fat z-score (coefficient -0.4813, P-value=0.006), left leg fat z-score 
(coefficient -0.4345, P=0.013) and arm fat versus arm lean ratio (coefficient 
-0.1295, P-value=0.010) compared to the healthy group from South Africa (data 
not shown). Importantly, no significant association was found between coun-
try of origin and limb fat z-scores (arm: coefficient -0.2449, P-value=0.159; leg: 
coefficient 0.1573, P-value=0.366). Moreover, female gender was positively 
associated with both limb and trunk fat mass in the multivariable analyses 
(arm: coefficient 0.3641, P-value=0.004; leg: coefficient 0.6707, P-value<0.001; 
trunk: 0.5071, P-value<0.001).

We established that by using only the data of the South African hiv-in-
fected and uninfected children, the hiv-associated differences remained 
(left arm z-score: coefficient -0.4678, P-value=0.009; leg: coefficient -0.4078, 
P-value=0.027). Furthermore, these analyses were repeated using the z-scores 
created with the uk reference data.21 hiv-infected children had a -0.6 (iqr: -1.3 
to 0) arm fat mass z-score and a -1.7 (iqr: -2.4 to -1.0) leg fat mass z-score at 
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their first dexa scan, while the uninfected participants had an arm fat mass 
z-score of 0 (iqr -0.6 to 0.4) and a leg fat mass z-score of -0.9 (iqr -1.4 to -0.3) 
compared to the uk standard. Multivariable regression analyses using these 
z-scores again showed lower limb fat z-scores over time in the hiv-infected 
group compared to the healthy children (arm: coefficient -0.4404, P=0.015; leg: 
coefficient -0.6141, P-value=0.002).

Table 2. Univariable and multivariable analyses of left arm fat z-scores in hiv-infected children

Left arm fat z-Score

Univariable Analysis Multivariable Analysis

Characteristics n Coefficient p-value Coefficient p-value

hiv vl at DXA scan <500 140 - - - -

30 0.0975 0.469 - -

Absolute cd4 count at dexa 168 -0.0002 0.028◊ -0.0002 0.094

Maximum who clinical stage 0-2 31 - - - -

3 40 -03965 0.072◊ -0.0653 0.780

4 82 -0.1645 0.392 -0.0080 0.967

Treatment

Abacavir 106 -0.0028 0.976 - -

Stavudine 119 -0.5063 0.001◊ -0.5838 0.001*

Tenofovir 22 0.1417 0.343 - -

Zidovudine 73 0.1604 0.208 - -

Lopinavir 94 -0.3285 0.006◊ -0.2177 0.099

Nelfinavir 44 0.1128 0.473 - -

Efavirenz 104 -0.0104 0.912 - -

Treatment duration (years)

Absolute cd4 count at dexa 168 -0.0002 0.028◊ -0.0002 0.049*

Maximum who clinical stage 0-2 31 - - - -

3 40 -0.3965 0·072◊ -0.1540 0.509

4 82 -0.1645 0.392 -0.0980 0.608

Stavudine 119 -0.0908 0.001◊ -0.0867 0.003*

Lopinavir 94 -0.0781 0.001◊ -0.0403 0.127

hiv vl= hiv viral load. dexa= dual energy X-ray absorptiometry. who= World Health Organization. 
Multivariable analyses are adjusted for gender, ethnicity and country of origin. Lamivudine was used  

in all children and was therefore not included in the models. ◊=P<0.2 in univariable analysis.  
*=P<0.05 after multivariable analysis.
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effect of antiretroviral treatment on regional  
fat mass in hiv-infected children

To evaluate the underlying factors explaining the loss of subcutaneous fat 
in hiv-infected children in these cohorts, we assessed associations between 
hiv-related parameters and specific antiretroviral compounds with regional 
fat mass over time. Univariable regression analyses of the left arm fat z-score 
showed P-values <0.2 for gender, ethnicity, region of origin, cd4+ T-cell count, 
maximum who clinical stage, stavudine and lopinavir/r treatment. These 
variables were included in the multivariable model (Table 2). In the multivari-
able model, treatment with stavudine remained significantly associated with 
a lower left arm fat z-score over time (coefficient -0.5838, P-value=0.001) (Fig. 
1a) and there was a trend towards lower left arm z-score over time in children 
treated with lopinavir/r (coefficient -0.2177, P-value=0.099) (Table 2). 

Treatment with stavudine was also negatively associated with the arm fat 
versus lean ratio (coefficient -0.1670, P-value=0.001). Lopinavir/r showed no 
association with this ratio (coefficient 0.0087, P-value=0.778) (Table 3). We 
further assessed whether a time-dependent effect of stavudine and lopinavir/r 
was present, by repeating the uni- and multivariable analyses and substituting 
the cart-exposure with the cumulative treatment duration of these antiretro-
viral compounds. Duration of treatment with stavudine was associated with 
a lower left arm fat z-score over time (coefficient -0.0867, P-value=0.003) as 
well as with the arm fat to lean ratio (coefficient -0·0294, P-value<0·001) (Table 
2 and Table 3). The left arm fat z-score of the stavudine-treated hiv-infected 
children most markedly decreased in the first 2 years of exposure and then 
stabilized (Fig. 1b). 

Figure 1. Changes in left arm fat z-scores of hiv-infected children
 

Figure 1a. Left arm fat z-scores of hiv-infected children over age. Black circles: scatterplot and locally  
weighted scatterplot smoothing line (lowess) of children exposed to stavudine; Gray triangles: scatterplot  
and lowess of children not exposed to stavudine. Figure 1b. Left arm fat z-scores of hiv-infected children  
over years of stavudine exposure. Black circles: scatterplot and locally weighted scatterplot smoothing line 

(lowess) of children exposed to stavudine.
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Table 3. Univariable and multivariable analyses of the arm fat:arm lean ratio in hiv-infected children

Arm fat: Arm lean ratio

Univariable Analysis Multivariable Analysis

hiv- and cart characteristics n Coefficient p-value Coefficient p-value

hiv vl at dexa scan <500 140 - - - -

>500 30 -0.0021 0.943 - -

Absolute cd4+ t-cell count at dexa 168 <0.0001 0.300 - -

Maximum who clinical stage 0-2 31 - - - -

 3 40 0.0490 0.467 - -

 4 82 0.0422 0.474 - -

Treatment

Abacavir 106 -0.0026 0.904 - -

Stavudine 119 -0.0894 0.042◊ -0.1670 0.001*

Tenofovir 22 0.0543 0.099◊ 0.0588 0.072

Zidovudine 73 -0.0129 0.699 - -

Lopinavir 94 0.0087 0.778 - -

Nelfinavir 44 -0.0921 0.047◊ 0.0415 0.488

Efavirenz 104 -0.0160 0.452 - -

Treatment duration (years)

Stavudine 119 -0.0241 0.001◊ -0.0294 <0.001*

Tenofovir 22 0.0311 0.001◊ 0.0332 0.001*

Nelfinavir 44 0.0023 0.389 0.0043 0.081
 

hiv vl= hiv viral load. dexa= Dual Energy X-ray Absorptiometry. who= World Health Organization. 
Multivariable analyses are adjusted for gender and country of origin. Lamivudine was used in all children 

and was therefore not included in the models. ◊=P<0.2 in univariable analysis. *=P<0.05 after multivariable 
analysis.

Longer duration of treatment with stavudine was borderline significantly 
associated with a decreasing leg fat z-score (coefficient -0.0502, P-value=0.051) 
(Table 4). In univariable analysis, a longer duration of treatment with lopina-
vir/r was associated with a lower left arm fat z-score over time (coefficient 
-0.0781, P-value=0.001), however when assessed in multivariable analysis the 
coefficient was -0.0403 with a P-value of 0.127 (Table 2).

In a sub-analysis we assessed whether treatment with stavudine and 
lopinavir/r together lead to an enhanced decrease in subcutaneous fat mass 
compared to treatment with stavudine alone. The multivariable linear regres-
sion analysis adjusting for gender, ethnicity, region of origin, absolute cd4 
count and maximum who clinical stage showed no significant add-on effect 
of exposure to both cart compounds compared to stavudine alone (arm fat: 
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coefficient -0.0475, P-value=0.838; leg fat: coefficient -0.0099, P-value=0.966).
Several cart compounds were positively associated with the dexa-derived 
limb fat parameters. Cumulative treatment with abacavir was positively asso-
ciated with left leg fat z-score over time (coefficient 0.0738, P-value<0.001) 
(Table 4). Prolonged exposure time to tenofovir was positively associated 
with the arm fat versus lean ratio (coefficient 0.0332, P-value=0.001) and 
the trunk fat z-score over time (arm fat versus lean ratio: coefficient 0.0332, 
P-value=0.001, trunk fat: coefficient 0.1131, P-value=0.026) (Tables 3 and 5).

Table 4. Univariable and multivariable analyses of left leg fat z-scores in hiv-infected children

Left leg fat z-scores

Univariable Analysis Multivariable Analysis

hiv- and cart characteristics n Coefficient p-value Coefficient p-value

hiv vl at dexa <500 140 - - - -

>500 30 -0.1031 0.387 - -

Absolute cd4+ t-cell count at dexa 168 -0.0003 0.001◊ -0.0003 0.001*

Maximum who clinical stage 0-2 31 - - - -

 3 40 -0.0494 0.831 - -

 4 82 -0.1214 0.548 - -

Treatment

Abacavir 106 0.1550 0.064◊ 0.1455 0.077

Stavudine 119 -0.2404 0.125◊ -0.1322 0.398

Tenofovir 22 0.1951 0.139◊ 0.0407 0.767

Zidovudine 73 0.1076 0.387 - -

Lopinavir 94 0.0049 0.966 - -

Nelfinavir 44 -0.0525 0.751 - -

Efavirenz 104 0.0612 0.467 - -

Treatment duration (years)

Absolute cd4+ t-cell count at dexa 168 -0.0003 0.001◊ -0.0002 0.007*

Abacavir 106 0.0847 <0.001◊ 0.0738 <0.001*

Stavudine 119 -0.0542 0.042◊ -0.0502 0.051

Tenofovir 22 0.0525 0.194◊ 0.0046 0.693
 

hiv vl= hiv viral load. dexa= dual energy X-ray absorptiometry. who=World Health Organization. 
Multivariable analyses are adjusted for gender, ethnicity and country of origin. Lamivudine was used  

in all children and was therefore not included in the models. ◊=P<0.2 in univariable analysis.  
*=P<0.05 after multivariable analysis.
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Table 5. Univariable and multivariable analyses of trunk fat z-scores in hiv-infected children

Trunk fat z-scores

Univariable Analysis Multivariable Analysis

hiv- and cart characteristics n Coefficient p-value Coefficient p-value

hiv vl at dexa <500 140 - - - -

>500 30 -0.0205 0.094◊ -0.1790 0.205

Absolute cd4 count at dexa 168 -0.0003 0.002 -0.0003 0.000*

Maximum who clinical stage 0-2 31 - - - -

3 40 0.3176 0.177◊ -0.1149 0.633

4 82 0.0522 0.800 -0.1704 0.384

Treatment

Abacavir 106 0.1033 0.235 - -

Stavudine 119 0.1158 0.469 - -

Tenofovir 22 0.2746 0.044◊ 0.2495 0.099

Zidovudine 73 -0.1742 0.171◊ -0.3331 0.019*

Lopinavir 94 0.0470 0.696 - -

Nelfinavir 44 -0.1357 0.417 - -

Efavirenz 104 0.0611 0.485 - -

Duration Treatment

hiv vl at dexa scan <500 140 - - - -

>500 30 -0.0205 0.094◊ -0.0790 0.570

Absolute cd4+ t-cell count at dexa 168 -0.0003 0.002◊ -0.0003 0.002*

Maximum who clinical stage 0-2 31 - - - -

3 40 0.3176 0.177◊ -0.0322 0.895

4 82 0.0522 0.800 -0.1484 0.454

Tenofovir 22 0.1288 0.002◊ 0.1131 0.026*

Zidovudine 73 0.0172 0.069◊ 0.0077 0.767
 

hiv vl= hiv viral load. dexa= Dual Energy X-ray Absorptiometry. who= World Health Organization. 
Multivariable analyses are adjusted for gender and country of origin. Lamivudine was used in all children 

and was therefore not included in the models. ◊=P<0.2 in univariable analysis. *=P<0.05 after multivariable 
analysis.

 
To support our findings showing associations with cart compounds and 
changes of subcutaneous fat mass over time, we repeated the regression 
analyses described above using z-scores based on the uk norm, detecting 
similar associations regarding hiv and cart related factors. To illustrate, 
we detected equivalent negative associations between exposure to stavudine 
and lopinavir/r with left arm fat over time (stavudine: coefficient -0.5064, 
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P-value=0.007; lopinavir/r: coefficient -0.2826, P-value=0.039). The associa-
tions with cumulative exposure and arm fat mass over time were similar too 
(stavudine: coefficient -0.1131, P-value<0.001; lopinavir/r: coefficient -0.0530, 
P-value=0.051). Interestingly, in this analysis which uses gender specific 
z-scores, we observed a negative association with female gender and fat mass, 
(left arm fat z-score: coefficient -0.3813, P-value 0.006; trunk fat z-score: coef-
ficient -0.4397, P-value 0.001; left leg fat z-score: coefficient -0.3281, P-value 
0.039). This finding implies that although girls may still have a larger absolute 
fat mass, which the earlier analyses showed, the decrease is larger in girls than 
in boys. 

Reversibility of fat loss after ceasing of stavudine treatment is still debat-
ed.25,26 In our cohort a subgroup of 26 children switched from stavudine to 
another nrti (predominantly abacavir) and had dexa assessments before 
as well as after this switch. The majority of these children resided in the 
Netherlands (N=21, 81%). They had been treated with stavudine for a median 
of 4.5 years (iqr 3.5 to 5.8) until switching, and with an alternative nrti for a 
median of 3.0 years at their final fat mass (dexa) assessment (iqr 1.4 to 5.7). 
Left arm fat z-score did not increase after the switch; based on the uk refer-
ence data, their median left arm fat z-score was -0.4 (iqr -1.0 to 0.2) before 
the switch and -0.9 (iqr -1.6 to 0.0) at the last dexa-scan after the switch 
(P-value=0.16). Their median left leg fat z-score was -1.6 (iqr -2.7 to -0.7) before 
the switch and -1.8 (iqr -3.1 to -1.0) after the switch (P-value=0.11).

Discussion
Using longitudinal data of two pediatric cohorts from South Africa and the 
Netherlands, we demonstrate that treatment with stavudine is strongly asso-
ciated with a reduced limb fat mass in a cumulative, time-dependent manner. 
This finding is consistent with prior studies in both hiv-infected adults and 
children.4,7,9,10,13,23 In a small subset of patients in our study, there was no 
evidence of reversibility of subcutaneous fat loss after replacing stavudine. 
Previously, pediatric studies showed that switching away from stavudine may 
lead to recovery of lipoatrophy.25-27 In longitudinal studies in hiv-infected 
adults, partial recovery of fat mass has also been observed, however patients 
on stavudine were least likely to fully recover.28,29 Treatment with stavudine is 
no longer recommended in the who guidelines for the treatment of hiv-in-
fection in children1, however it is still widely used in areas where alternatives 
are sparsely available. Our findings emphasize the need to screen for lipoatro-
phy when treatment with stavudine is unavoidable.
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Apart from the strong association of stavudine treatment and the decrease of 
subcutaneous fat over time, we detected a trend towards a reduced subcuta-
neous fat mass in children treated with lopinavir/r, which is currently advised 
by who guidelines as first line regimen in children under three years of age.1 
pis in general and lopinavir/r in particular have been mentioned as a cause 
for changes in fat metabolism and distribution, albeit to a lesser extent than 
stavudine.7,10 Our data showed a trend towards an association between lopina-
vir/r and subcutaneous fat loss. This could be due to the smaller numbers 
included in our study and caution regarding children on lopinavir/r may still 
be warranted.

Abacavir and tenofovir were positively associated with regional fat mass 
in our study and may provide alternatives for stavudine. Moreover, zidovu-
dine showed no negative association with subcutaneous fat mass and may also 
be considered. However, the anemia-inducing effect of zidovudine limits its 
usefulness, especially in sub-Saharan Africa, and as in adults on zidovudine, 
it may just take longer as compared to stavudine for lipoatrophy to develop.30 
Abacavir, which in fact had a positive association with the leg fat mass in our 
study, may have a reduced long-term efficacy in hiv-treated infants.31 Lastly, 
tenofovir, firstline treatment in adults, is avoided in children due to concerns 
about its renal and bone toxicities.18,32 This indicates that although stavudine 
induces lipoatrophy, appropriate alternatives are limited.

Of note, hiv infection itself also affects adipose tissue33, and effective 
treatment of hiv is essential to halt hiv-associated loss of fat mass in chil-
dren. In the combined cohorts as well as using the South African hiv-infected 
group only, we confirmed that hiv-infected children had a lower limb fat mass 
compared to healthy children. This difference between hiv-infected and unin-
fected children is likely to be not completely drug-induced, and the importance 
of effective treatment of hiv to prevent an abnormal fat mass distribution due 
to the infection should therefore not be disregarded.

dexa is a precise method for body composition assessment.34 However, 
instruments of different manufacturers give different values for soft tissue. 
The Hologic qdr4500W® tends to give higher values for fat mass than the 
Lunar instrumentation, which was used for the uk reference data.35 This 
means that loss of fat mass in hiv-infected children compared to healthy chil-
dren from Western Europe is likely to be larger than presented in this study. 
We decided to present the regression analyses derived from z-scores created 
within our own study group, as they were all measured with the same instru-
ments and more homogeneous. Of note, investigators from both centers 
re-evaluated and confirmed the dexa results from the other center, howev-
er due to the retrospective nature of the study the dexa-scanners were not 
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phantom-calibrated before the start of data collection. Thus, the retrospective 
design of this study is a major limitation, including the lack of healthy controls 
from the Netherlands. Nonetheless, the main study question concerned risk 
factors for lipodystrophy in hiv-infected children on cart, which confirmed a 
detrimental effect of stavudine. The combination of the two cohorts with dif-
ferent follow-up protocols was accounted for using mixed linear regression 
models adjusted for country of residence and the varying numbers of dexa 
scans per individual. Of note, 45 South African children (58%) were lost-to-
follow-up. However, they did not differ in demographic-, hiv- or art-related 
characteristics, and they were transferred to local clinics due to logistic rea-
sons rather than patient or disease-related characteristics. Therefore, the lack 
of follow-up scans from a significant proportion of the South African cohort 
was unlikely to have resulted in selection bias. Length- and weight for age 
was different between groups from both centers, however despite environ-
mental and dietary differences between both groups, their bmi was similar. 
bmi has previously been shown to correlate strongly with body fat distribu-
tion and for the purpose of body fat distribution analysis over time it was the 
most important parameter to match between groups.36,37 We were unable to 
analyse lipohypertrophy because dexa cannot distinguish between visceral 
and subcutaneous abdominal fat, and only provides an indication of trunk fat. 
As a result, co-existence of lipoatrophy and lipohypertrophy may have been 
indistinguishable from normal abdominal fat distribution. Alternatives such 
as mri are required to detect associations between antiretroviral compounds 
and changes in visceral fat. Lastly, we attempted to find evidence on revers-
ibility of lipoatrophy, an important topic that is still debated. However, the 
subgroup that switched away from stavudine in our study was likely to be too 
small to reveal potential restoration of subcutaneous fat mass.

In conclusion, this study shows an objectively measured decrease of subcu-
taneous fat mass over time in stavudine-treated, hiv-infected children from 
South Africa and the Netherlands. Furthermore, the use of protease inhibi-
tors needs to be further investigated in the context of changes in regional fat 
mass. The ongoing use of stavudine in sub-Saharan Africa and the potential-
ly irreversible nature of peripheral lipoatrophy underline the need for early 
detection of changes in subcutaneous fat and alternative treatment options 
for hiv-infected children globally.
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The future of hiv-infected children has changed profoundly since cart was 
introduced in the mid nineties. The purpose of cart is to suppress hiv repli-
cation and thereby reconstitute and preserve the immune system, resulting in 
long-term survival with reduced susceptibility to opportunistic infections and 
other aids-related diseases. The global coverage of cart is continually being 
expanded and the goals of treating as many hiv-infected people as possible, 
while preventing the further spread of the epidemic, are becoming increas-
ingly realistic. 

However, despite the drastic decrease in mortality and aids-related 
diseases, hiv-infected patients with access to cart are now subject to com-
plications of chronic exposure to hiv and lifelong antiretroviral therapy. This 
is especially relevant for perinatally hiv-infected children, who are exposed 
to these factors from the very beginning of life and development. On the 
longer term, these complications are likely to harm their physical condition, 
cognitive function and psychological health. To identify- and understand the 
pathophysiology of these complications is essential for the future treatment of 
hiv-infected children who have been adequately treated with cart for most 
of their lives.

The studies presented in this thesis focused on two main topics: 1) the long-
term immunological and virological response to cart in the hiv-infected 
pediatric population in the Netherlands, and 2) various complications asso-
ciated with chronic hiv-infection in children. This final chapter will provide a 
general discussion of the results of our studies, and will outline our perspec-
tive on areas for future research.

part 1- epidemiology

We demonstrated in Chapter 2 that the majority of the vertically hiv-in-
fected children in the Netherlands originate from sub-Saharan Africa or are 
first-generation immigrants from that region, which was anticipated con-
sidering the global spread of the hiv epidemic. Dutch parents have adopted 
approximately one third of the hiv-infected children originating from sub-Sa-
haran African countries. Other industrialized countries such as Great Britain, 
Denmark, Sweden and Italy report similar demographic statistics concerning 
their pediatric hiv-infected population.1-4 Cases of mother-to-child-trans-
mission (mtct) have become extremely rare in the Netherlands after the 
introduction of first-trimester hiv-screening of all pregnant women in 
2004; an encouraging trend also seen in other countries with antenatal 
hiv-screening programmes.1,5,6 Knowing the demographic composition of 
our hiv-infected population is essential to integrate differences in origin, 
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culture, attitude towards hiv and cart, and adoption or refugee status in the 
approach towards pediatric patients and their families or caregivers.

In general our pediatric cohort was doing physically well, with a low mor-
tality rate and an undetectable hiv viral load in 89% of all treated children at 
the time of study analysis in 2012. However, data from a very small propor-
tion of children was available in that year. In 2011, the proportion of children 
with an undetectable hiv viral load was 78%, which more closely resembled 
reports from other industrialized countries.7-9 Nonetheless, our study showed 
that the Dutch pediatric hiv-care system was successful in effectively treating 
the majority of the vertically hiv-infected pediatric cohort who were linked to 
care, for which several potential explanations can be considered. First, pediat-
ric hiv-care in the Netherlands is centred within 4 academic hospitals, and is 
executed by multidisciplinary hiv-treatment teams including pediatricians, 
virologists, pharmacists, hiv nurses, psychologists and social workers. This 
allows for evidence-based personalized antiretroviral treatment, with opti-
mal dosing leading to fewer adverse effects, and sufficient attention towards 
adherence and psychosocial issues faced by hiv-infected children and their 
families. Also, the Netherlands has the advantage of a well-structured society 
with relatively easy and insured access to health care, with obvious benefits 
regarding linkage and retention of hiv-infected children in care. Notably, 
the 2014 hiv Monitoring Foundation report which in contrast to our study 
included all hiv-infected children regardless of their hiv-transmission mode, 
showed that 82% of children were retained in care, 94% of them were on cart, 
but notably only 69% were virally suppressed.10 The proportion of children 
with suppressed viremia in this so-called ‘cascade of hiv care’ was negatively 
influenced by the inclusion of non-vertically hiv-infected children, of whom 
only 60% were suppressed.11 A likely explanation for the low percentage of 
suppressed children in this group may be that they are generally teenagers, 
who are vulnerable to having problems with therapy-adherence.12 So, even in 
the Netherlands, where health care and infrastructure are well developed, the 
success-rate of cart in children remains far from perfect. 

The timing of cart initiation in perinatally hiv-infected children has 
been a matter of discussion for many years, due to the challenging balance 
between suppressing hiv replication and immunological restoration on the 
one hand, and minimizing adverse effects of cart in children who will likely 
be exposed to therapy for life on the other hand. In 2013, the who changed its 
recommendations regarding “when to start”. From then on, all children under 
the age of five were to be started on cart, regardless of their clinical state or 
cd4+ T-cell count.13 Previously, this was only the case for children under two 
years of age, and for children with a poor clinical or immunological state.14 The 
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who primarily decided to implement this change because of the program-
matic advantages, which is especially relevant in settings with limited access 
to immunological testing and a high pediatric hiv burden.15 However, for 
children older than 2 years of age there is a lack of evidence for the individual 
benefit of starting cart as early as possible.16,17 Chapter 2 of this thesis demon-
strated that despite a higher initial hiv viral load and a more rapid short-term 
immune reconstitution in the youngest group (0-2 years of age at cart initi-
ation), long-term differences in immunological reconstitution or virological 
suppression between hiv-infected children divided into three age groups (<2 
years of age, 2-5 years of age, and >5 years of age at cart initiation) could not 
be detected. This has previously been described in pediatric hiv-studies from 
other industrialized countries in Europe18-20, and implies that when consider-
ing mortality and immunological reconstitution as outcome parameters, the 
longer-term individual benefit of starting cart in asymptomatic hiv-infect-
ed children between 2 and 5 years of age may indeed be debatable. However, 
when considering other outcome parameters such as neurological status and 
cognitive performance, the timing of cart initiation may be completely dif-
ferent, which will be discussed further on.

A more individual approach has also been considered in the case of immi-
grant hiv-infected adults, based on studies that showed a less favourable 
outcome in non-native hiv-infected patients in industrialized countries. 
Hence, immigrant hiv-infected patients may benefit from stricter virologi-
cal and clinical monitoring than native patients.21-27 As this topic had not been 
addressed in children, and most hiv-infected children residing in industrial-
ized countries are immigrants from developing countries endemic for hiv, we 
initiated the study presented in Chapter 3. In this study, we established that 
children from sub-Saharan Africa were significantly older at time of hiv-di-
agnosis and cart initiation compared to children born in the Netherlands, 
and had a slightly lower initial cd4+ T-cell z-score. However, despite the dif-
ferences in age and cd4+ T-cells, the long-term immunological reconstitution 
was similar in both groups. In addition, we found no differences in the time 
to reach an undetectable hiv viral load and the occurrence of virological fail-
ure. These contrasting findings with the previously mentioned adult studies 
can be explained by several reasons. First, different to the adult population, 
hiv-infected children born in the Netherlands are predominantly first-gen-
eration immigrants of sub-Saharan African descent. Also, the children born 
in sub-Saharan Africa were significantly older than the children born in the 
Netherlands at hiv-diagnosis (and start of cart) and thus survived the first 
years of their life without cart, implying they may have had a more favorable 
immunological, virological and clinical profile to begin with. Nonetheless, our 
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study indicated that hiv-infected children who are born in sub-Saharan Africa 
and in care in the Netherlands do not require enhanced virological or clini-
cal monitoring to ensure an optimal outcome. Importantly, interpreting the 
results of Chapter 3 in the context of other industrialized countries should be 
done with caution, for despite their similar hiv-infected immigrant pediat-
ric populations, health-care programmes and social security systems of these 
countries are different from those in the Netherlands.

part 2: complications

Part 2 of this thesis covers a range of complications thought to be associat-
ed with the sequelae of chronic hiv-infection and exposure to cart, studied 
in a group of perinatally hiv-infected children of whom the far majority was 
clinically, virologically and immunologically stable. An essential element in 
our cross-sectional study investigating the neurological, cognitive and oph-
thalmological status of hiv-infected children was the inclusion of a control 
group matched for age, gender, ethnicity and socioeconomic status (ses). 
Particularly for the assessment of cognitive performance and quality of 
life, both are outcome parameters that can be strongly confounded by ses. 
Including this control group averted an overstatement of the differences 
detected between both study groups.28,29

Nonetheless, when comparing perinatally hiv-infected children to these 
controls in Chapter 4, we found their cognitive performance to be poorer in 
all cognitive domains tested. More specifically, our hiv-infected participants 
had an 11-point lower total iq than the matched controls, who as anticipated 
also had a significantly lower iq compared to the Dutch norm population. To 
put this in perspective, these results are similar to cognitive outcomes of chil-
dren with sickle cell disease (scd), in whom cognitive impairment in multiple 
cognitive domains is a well-described complication due to chronic hypoxemia 
and (silent) cerebral infacts.30 The total iq of our hiv-infected participants was 
slightly superior to scd children with a history of overt stroke, but worse than 
in scd children with mri-determined silent cerebral infarcts.31 Impaired intel-
ligence has recurrently been observed in cart-treated hiv-infected children, 
in studies from both industrialized and developing countries.32-36 We detected 
an inverse association between verbal and total iq on the one hand and a pre-
vious cdc category C diagnosis on the other hand, analogous to a study from 
the United States in which cognitive impairment was detected only in hiv-in-
fected children with aids defining events in their medical history.37 This 
association may be a reflection of the impact of hiv or aids-related damage 
inflicted before the initiation of cart. An important limitation of our study 
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was that a higher proportion of the hiv-infected children were born outside 
the Netherlands compared to the controls, which may have particularly influ-
enced differences in the verbal iq score. However, previous neurocognitive 
comparative studies between hiv-infected patients and controls from similar 
countries of origin also reported highly significant differences in language 
ability, implying that a poorer language ability may indeed be a consequence 
of hiv in children treated with cart.32,38 The additionally tested cognitive 
domains included processing speed, attention span, visual-motor integra-
tion, memory and executive function. In the first three, other studies have 
correspondingly reported poorer results in hiv-infected children.32,34,37,39-42 
The differences in memory and executive function between hiv-infected chil-
dren and controls were smallest in our study, while they have been reported 
as the main cognitive deficits in hiv-infected adults.43 These areas have been 
understudied in hiv-infected children and adolescents, and the discrepancy 
between pediatric and adult data merits further research.

Another underreported aspect of cognitive function in hiv-infected 
children is the prevalence of cognitive impairment. While in adults report-
ing this prevalence with a comprehensive score such as the Frascati criteria 
is common,44 this had not yet been done in children. Due to concerns raised 
with regard to potentially high false positive rates generated by the Frascati 
criteria,45 we used a novel method called multivariate normative comparison 
(mnc). mnc takes all cognitive domains rather than just one into account, and 
detected 17% of our hiv-infected group as being generally cognitively impaired. 
We could not find associations between any hiv or cart-related factors and 
cognitive impairment as detected by mnc, which may have been related to the 
small absolute number of children who were identified as impaired by mnc. 
Larger studies in hiv-infected children are needed to further assess the value 
of mnc and detect potential predictive factors for cognitive impairment in 
hiv-infected children on cart.

To gain more insight in the underlying reasons for the observed cognitive 
deficits in Chapter 4, we performed magnetic resonance imaging (mri) in all 
study participants. Chapter 5 demonstrated that the hiv-infected group had 
a lower gray matter volume, a higher white matter hyperintensity load and 
decreased white matter integrity. In contrast to our results, one previous 
mri study in cart-treated hiv-infected children showed no cortical atrophy, 
and white matter atrophy only in specific areas such as the corpus callosum 
and external capsule of hiv-infected children.46 This study included a small-
er number of 16 hiv-infected children and 14 healthy controls, which may be 
an explanation for not finding any cortical volume differences between their 
study groups. Also, their 1 Tesla magnetic field may have been less accurate in 
measuring cortical volume compared to our 3 Tesla mri. 
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The high prevalence of white matter lesions in hiv-infected children in our 
study was similar to a previous South African pediatric study from the post-
cart era. However, as the South African patients were substantially younger 
(mean age of 2.5 years) and underwent neuroimaging for suspected hiv-re-
lated neurological disease, this similarity was unexpected.47 An explanation 
for this may be the difference in magnetic field strength, since 1.5 Tesla mri 
which was used in the South African study, has a reduced sensitivity to detect 
subtle white matter lesions.48 Nonetheless, white matter hyperintensities may 
also increase with years of exposure to hiv and cart, which would support the 
high proportion of children with white matter lesions in our study. Lastly, our 
hiv-infected participants had a poorer integrity of white matter, illustrated 
by a higher mean diffusivity and a lower fractional anisotropy.49 Various adult 
studies and one previous pediatric study investigating cerebral diffusion char-
acteristics of a group of cart-naive hiv-infected children with slow disease 
progression showed similar results.49-52

In contrast with the impairment in cognitive function and brain matter 
injury, we did not detect major problems with retinal function in our hiv-in-
fected participants (Chapter 6). In adults with well-controlled hiv, functional 
and structural retinal changes have been detected including subtle loss of color 
vision, contrast sensitivity and changes in various retinal layers, alterations 
thought to be mediated by underlying mechanisms such as low-grade micro-
vasculopathy and chronic retinal inflammation.53-55 We did however find a 
significantly thinner fovea in the hiv-infected group, which was associated 
with their peak hiv viral load. The fact that our study detected a structural 
change of the retina but no functional problems may indicate that function-
al retinal problems could develop with time. Nonetheless, our sample size 
may also have been too small to pick up subtle functional differences already 
present.

Another area where differences between hiv-infected and healthy chil-
dren were not evident was the health-related quality of life (hrqoL) (Chapter 
7). Based on foregoing pediatric and adult hiv studies, we anticipated the 
hiv-infected children in our study to have a poorer hrqoL than the healthy 
controls.56-59 In addition, due to the known effect of ses on quality of life, 
we hypothesized that the healthy controls would score lower than the Dutch 
norm population.60,61 However contrasting to our hypotheses, no differences 
in mean hrqoL were observed in our study. A combination of physical and 
socioeconomic factors is likely to have contributed to this positive result. First, 
multidisciplinary support by doctors, nurses, psychologists and social workers 
is offered to every hiv-infected child in the Netherlands, and insured health 
care, which has been associated with a better quality of life in children with 
sickle cell anemia, is unconditionally provided.62 Also, chronic hiv in children 
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is usually not accompanied with pain or other physical discomfort, factors 
which are known to have a strong negative influence on health-related quality 
of life in for example children with juvenile idiopathic arthritis.63 

We did find a significantly higher proportion of hiv-infected children 
with hrqoL impairment (≥1sd below the mean of the Dutch norm) on the 
school subscale of the hrqoL assessment. This may be related to the poorer 
cognitive results demonstrated in Chapter 3, to the recurrent absence from 
school due to control visits to the outpatient clinic, and potentially to the ham-
pered social development of children living in fear of stigmatization by their 
peers. Markedly, the difference on the school subscale was only significant 
when comparing the hiv-infected children to the Dutch norm and not when 
comparing to the control group, suggesting that the combination of a chronic 
hiv-infection and a low ses may lead to a double disadvantage.

Considering the unexpected results of the study in Chapter 7, questions 
arise on whether the questionnaire used to score hrqoL (the Pedsql™) was 
sufficiently sensitive to all factors affecting the quality of life of hiv-infected 
children and adolescents. The Pedsql™ is not a disease-targeted survey and 
may therefore have missed features essential for hiv-infected children, such 
as hampered sexual development, social stigmatization, or the burden of 
daily medication. Studies using additional hiv- and cart-related questions 
to score quality of life in hiv-infected children are scarce, and have thus far 
not yielded clear results supporting the wider implementation of additional 
hiv-targeted sections in quality of life assessments.64 However, larger stud-
ies are required to further investigate this important outcome parameter for 
hiv-infected children and adolescents in the era of permanent cart.

Lastly, we investigated the relationship between specific arv compounds 
and fat distributional changes over time in hiv-infected children, using pedi-
atric hiv cohorts from the Netherlands and South Africa (Chapter 8). The arv 
compounds of primary interest were the nrtis, and in particular stavudine: 
a compound notorious for its associations with unfavourable changes in fat 
distribution in hiv-infected children.65-68 In addition, we addressed certain 
pis and nnrtis, with a less clear association with lipodystrophy but which are 
commonly prescribed in hiv-infected children. As expected, we found a strong 
association of exposure to stavudine and loss of limb fat mass over time. In a 
small subset of patients who were exposed to stavudine and switched to anoth-
er compound during the study, we found no evidence of reversibility of the 
loss of subcutaneous fat, which was in contrast to prior pediatric studies that 
described a partial recovery of fat after stavudine withdrawal .69-71 This may 
have been related to the small size of the subset of patients that had switched 
away from stavudine during our study, and to the relatively short follow-up 
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time after the switch. Nonetheless, reversibility of lipoatrophy is an import-
ant topic because stavudine, despite having been eliminated from the who 
recommendations for cart, is still frequently prescribed in resource-limited 
settings where alternatives are sparse. In fact, alternatives to stavudine can 
be limited in these areas, because of adverse effects such as anemia (zidovu-
dine)72, bone and renal toxicity (tenofovir)73 and a potential reduced efficacy 
against hiv in children (abacavir).74 The pi lopinavir/ritonavir did not show a 
clear association with lipoatrophy in our study, but has repeatedly been asso-
ciated with changes in lipids and cholesterol and therefore caution regarding 
this compound in children remains highly relevant.66,75

future perspectives

Daily cart suppresses hiv in children to undetectable levels, and can recon-
stitute and preserve their immune system for decades. As a consequence, the 
incidence of mortality and opportunistic infections has drastically decreased. 
Nonetheless, even in the Netherlands where access to health care is well-orga-
nized and free of charge, only 60-80% of all treated hiv-infected children have 
an optimally suppressed infection, a percentage that is even higher compared 
to most other countries and highly influenced by access and adherence to 
therapy. Contrary to developing countries with a high hiv burden or countries 
with a health care system that does not automatically support hiv-infect-
ed patients, access to cart is not a problem in the Netherlands. Therefore, 
adherence support is a key element of focus for the treatment of hiv-infect-
ed children and adolescents in our country. Innovative methods to improve 
therapy adherence in teenagers are being implemented in the pediatric hiv 
treatment centers, such as the ‘’reward’’ system where patients receive large 
presents when they manage their own cart and have an undetectable hiv 
viral load for more than 6 months, a system which has proved effective.76 In 
addition, pharmaceutical companies are developing various long-acting arv 
agents, which have the potential to make therapy-adherence in hiv-infected 
children and adolescents considerably easier.

future research on complications of chronic hiv in children

Concurrent with the global roll-out of cart, mid- and long-term consequenc-
es for children who are living with chronic hiv are becoming clearer and 
increasingly relevant. Therefore, the focus of research and treatment is chang-
ing from (long-term) survival alone to reducing consequences of exposure to 
long-term chronic hiv and cart.
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The first step towards management and potentially even prevention of these 
consequences has been to identify them. This thesis demonstrated that the 
central nervous system of clinically stable perinatally hiv-infected children has 
an altered structure and poorer function, and additionally identified ongoing 
changes in fat distribution associated with exposure to certain antiretroviral 
drugs. Numerous (pediatric) studies have shown subclinical and clinical hiv- 
or antiretroviral drug-related complications in various other essential organ 
systems including the cardiovascular-, respiratory- and endocrine system, the 
liver, kidneys and metabolism. Some of the complications described in this 
thesis, including a poor cognitive performance and alterations in fat distribu-
tion, have an evidently immediate negative impact on the hiv-infected child, 
but the consequences of others such as an increased intima media thickness 
remain unclear. In fact, the long-term prognosis of these complications is yet 
unknown, as the oldest hiv-infected children who have had access to cart 
for their entire life are currently only in their early twenties. Therefore, lon-
gitudinal cohort studies investigating known and suspected complications of 
chronic hiv in children treated with cart from birth onwards are essential, 
both in industrialized and developing countries. For that purpose, our own 
cohort may need to be expanded, potentially to include all eligible children in 
the Netherlands, and regular follow-up of all children should be organized. In 
South Africa, the longitudinal Cape Town Adolescent Antiretroviral Therapy 
Cohort (ctaac) study, including cart-treated adolescents perinatally infect-
ed with hiv as well as healthy, matched controls, is a very good example.77 A 
longitudinal cohort including perinatally hiv-infected children who have 
been treated from very early in life onwards has not been established yet, how-
ever would be highly informative.

The most important subsequent step to identification of hiv and cart-as-
sociated complications is to understand the pathophysiological mechanisms 
behind them. First, the initial- and mostly untreated phase of hiv-infection 
may cause irreversible damage to various organs. Supportive of this theory, 
our studies detected associations between a poorer clinical state at diagnosis 
and iq, and between the zenith hiv viral load, nadir cd4+ T-cells and fractional 
anisotropy. Previously, more severe hiv disease has repeatedly been associat-
ed with worse outcomes not only in the brain,37 but also in other organ systems 
such as the cardiovascular system.78 

Secondly, ongoing low-grade viral replication and chronic immune activa-
tion during cart may have continuous adverse consequenses for the cns and 
multiple other organs.79 And thirdly, despite treatment of hiv being funda-
mental for survival and better outcome for most organ systems, various short 
and long-term adverse effects such as osteopenia, fat maldistribution, liver- 
and kidney toxicity, have been associated with a range of arv compounds.80
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The complex interactions between these mechanisms remain poorly 
understood. In addition, most pathophysiological studies have thus far been 
performed in hiv-infected adults. Studies in hiv-infected children are sorely 
needed, as it is becoming increasingly clear that the consequences of chronic 
hiv in growing and developing children versus adults who acquired the 
virus significantly later in life and more importantly, when fully grown and 
developed, may be very different. 

Worldwide, the most extensively used biomarkers for the health status of 
hiv-infected children are cd4+ T-cells and hiv viral load. As demonstrated in 
Part 1 of this thesis, when considering these markers our perinatally hiv-in-
fected cohort was one of the ‘healthiest’ reported. However, Part 2 showed 
numerous complications in these same children, indicating that cd4+ T-cells 
and viral load are not sufficiently sensitive to predict the mid and long-term 
complications in children with chronic hiv.

Within our cross-sectional study, we have generated a small biobank 
including serum, plasma, and peripheral blood mononuclear cells of all partic-
ipants (hiv-infected and healthy) and cerebrospinal fluid (csf) of a selection 
of the hiv-infected group. This biobank will enable us to perform studies to 
identify markers for poor cognitive performance, brain matter injury and 
changes of the retina. In serum, pro-inflammatory markers such as chemo-
kines and cytokines (for example soluble cd14, tumor necrosis factor-α, 
monocyte chemotactic protein-1 and macrophage inflammatory protein-1a), 
but also endothelial activation markers such as vascular or intercellular cell 
adhesion molecules, could be important candidates. The abovementioned 
pro-inflammatory chemokines and cytokines can generally also be measured 
in csf. In addition, csf-determined neuronal damage markers such as tau 
protein and neurofilament light chain may be useful factors. Lastly, the value 
of Arterial Spin Labeling (asl) representing cerebral blood flow, and Magnetic 
Resonance Spectroscopy (mrs) as a non-invasive method to measure various 
metabolites thought to reflect brain damage (including N-acetylaspartate and 
glutamate), will be explored in our study as well. 

However, because our project was cross-sectional and included only a lim-
ited number of participants, the results of these pending studies will hopefully 
generate hypotheses that can be well tested in longitudinal studies with suf-
ficient numbers of hiv-infected children. These longitudinal studies should 
focus on multiple mid- and long-term complications and investigate their 
individual, but also their shared pathophysiological mechanisms.

Once the pathophysiology of the complications of chronic hiv in children 
is better understood, more targeted steps can be taken towards treatment and 
prevention. It has already been shown that starting cart and suppressing hiv 
as early as possible can protect perinatally hiv-infected children from chronic 
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complications, for example in the cns and cardiovascular system. Potentially, 
anti-inflammatory drugs could be considered in specific patients as treatment 
or prevention of further deterioration of complications associated with chron-
ic hiv. Research towards dosing as well as adverse effects of arv drugs in 
children may support further development of age-appropriate non-toxic cart 
regimens, which subsequently will have to be made available to hiv-infected 
children worldwide. 
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Long-term outcomes of children  
treated for hiv-infection

 
Over the past three decades, hiv has changed from a fatal disease to a chron-
ic, manageable condition. Tremendous efforts from many (inter)national 
organizations have enabled the roll-out of combination antiretroviral therapy 
(cart) to reach a continuously increasing number of hiv-infected adults and 
children worldwide. Before cart was introduced, roughly half of all perina-
tally hiv-infected children would have died by their second birthday, while 
children who have had access- and adhered to cart for a large part of their life 
are likely not only to survive, but to become community-participating adults, 
parents, and even grandparents of healthy children.

However, with this great advance in health, it is becoming increasing-
ly clear that hiv-infected children are susceptible to various complications 
affecting most organ systems. In addition, they face the burden of a lifetime of 
daily medication with numerous adverse effects, and the stigma that remains 
associated with their disease.

The studies presented in this thesis focused on two main themes: 1) the 
long-term immunological and virological response to cart in the hiv-in-
fected pediatric population in the Netherlands, and 2) various complications 
associated with cart-treated hiv-infection in children.

part 1 – epidemiology

Chapter 1 provided a historical overview of the hiv epidemic and the develop-
ment of antiretroviral therapy, describing the relatively short period of time 
in which hiv became one of the greatest global health challenges in human 
history. The benefits of cart for hiv-infected children have become increas-
ingly clear over the last years, illustrated by the low incidence of opportunistic 
infections and drastically decreasing mortality rates in cart-treated pediatric 
populations. Unfortunately, even with effective cart, these children remain 
susceptible to physical and psychological health issues. The second part of this 
chapter reviewed important mid- and long-term complications that have been 
associated with hiv in cart-treated children. 

Chapter 2 described that the pediatric vertically hiv-infected population in 
the Netherlands, registered and monitored by the hiv Monitoring Foundation 
(hmf) from 1996 onward, had a sustained long-term immunological response 
to cart which was independent of age or cd4+ T-cell z-score (absolute cd4+ 
T-cell count adjusted for age) at the time of cart initiation. The percentage of 
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children with an undetectable hiv viral load rose substantially over the years to 
reach one of the highest success rates reported, and there was a low mortality 
rate in comparison with studies from other industrialized countries. Within 
the hmf pediatric cohort, we also studied the differences between children 
born in the Netherlands and in sub-Saharan Africa, and found that while the 
time of hiv-diagnosis and cart initiation was significantly later in the group 
born in ssa, the immunological reconstitution and virological response in the 
long-term was comparable between both groups (Chapter 3). 

part 2 – complications

Subsequently, we addressed a selection of the complications previously 
described in Chapter 1. We set up a cross-sectional case-control study to inves-
tigate the neurological, cognitive, psychosocial and ophthalmological status of 
hiv-infected children as compared to healthy controls matched for age, gen-
der, ethnicity and socioeconomic status (ses). Despite effective cart in the 
majority of the hiv-infected group, their cognitive performance -quantified 
by a comprehensive neuropsychological assessment of intelligence, pro-
cessing speed, visual-motor function, memory and executive function- was 
significantly poorer compared with the healthy controls. Moreover, a worse 
center for disease control and prevention (cdc) clinical category at hiv-diag-
nosis was associated with a lower verbal intelligence quotient (iq) (Chapter 4). 
Neuroimaging (3 Tesla mri) of the brain showed that the hiv-infected group 
had a lower cortical and white matter volume, more white matter hyperinten-
sities and a poorer white matter integrity compared to the healthy children. 
A worse cdc status was associated with smaller brain volumes and poorer 
white matter integrity, and worse outcomes in a selection of the mri parame-
ters were correlated with a poorer cognitive function (Chapter 5). Contrary to 
cognitive performance and cerebral mri scans, the retinal function was not 
significantly different between hiv-infected and healthy children. However, 
with retinal optical coherence tomography (oct) we did detect a decrease in 
foveal thickness in the hiv-infected children. A thinner fovea was associated 
with a higher peak hiv viral load (Chapter 6). Remarkably, the health-relat-
ed quality of life of the hiv-infected group was similar to that of the healthy 
controls, as well as to the Dutch norm population. This may be explained by 
multiple factors, including the well-structured hiv-care in the Netherlands 
and the fact that chronic hiv is not associated with pain, an important predic-
tor for a poor health-related quality of life in children (Chapter 7). Chapter 8 
reports results from a longitudinal study in two pediatric hiv cohorts from the 
Netherlands and South Africa, investigating the relationship between several 
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arv compounds and fat distribution changes over time. This study showed 
the persistent occurrence of subcutaneous fat loss in hiv-infected children 
on cart, and an especially strong association with (previous) exposure to the 
nrti stavudine, which although eliminated from the who recommendations 
is still often prescribed for hiv-infected children in developing countries.

In Chapter 9 we provide a general discussion of our findings against the 
existing literature. In addition, this chapter outlines our views on future 
research directions concerning the underlying pathophysiology of complica-
tions in children with chronic hiv infection, and potential approaches to their 
treatment and prevention.
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Lange-termijn uitkomsten in kinderen  
die behandeld worden voor hiv

 
Het humaan immuundeficiëntie virus (hiv) is dankzij combinatie antiretro-
virale therapie (cart) in de laatste dertig jaar veranderd van een dodelijke 
infectie in een chronische, behandelbare aandoening. Grootschalige (inter)
nationale organisaties spannen zich in voor de wereldwijde beschikbaarheid 
van deze therapie, waardoor een steeds toenemend aantal hiv-geïnfecteer-
de volwassenen en kinderen behandeld kunnen worden. Voor er een goede 
behandeling bestond, overleed bijna de helft van de onbehandelde kinderen 
met hiv (die voor, tijdens of kort na de geboorte zijn geïnfecteerd) voor hun 
tweede jaar. Maar tegenwoordig kunnen diezelfde kinderen, mits ze op tijd 
toegang krijgen tot cart, niet alleen overleven, maar ook aan de maatschappij 
deelnemende volwassenen worden, en zelfs ouders of grootouders van gezon-
de kinderen.

Helaas wordt steeds onmiskenbaarder dat ook goed behandelde hiv-geïn-
fecteerde kinderen kwetsbaar zijn voor problemen, die een negatieve invloed 
kunnen hebben op (de ontwikkeling van) de hersenen en andere organen. 
Daarnaast dragen deze kinderen de last van dagelijkse medicatie met ver-
scheidene bijwerkingen, en niet te vergeten het stigma en taboe, wat ondanks 
onderwijs en voorlichting over de ziekte blijft heersen.

De studies in dit proefschrift richten zich op twee hoofdthema’s; de lange  
termijn respons op cart in de hiv-geïnfecteerde kinderpopulatie in Neder-
land, en verschillende complicaties die geassocieerd worden met chronische 
hiv bij kinderen.

deel 1 – epidemiologie

In Hoofdstuk 1 wordt de geschiedenis van de hiv epidemie en de ontwikke-
ling van antiretrovirale therapie beschreven, en staat de relatief korte periode 
waarin hiv een van de grootste gezondheidsproblemen ter wereld is gewor-
den centraal. Het tweede deel van hoofdstuk 1 beschrijft een aantal van de 
complicaties die worden geassocieerd met behandelde hiv bij kinderen, met 
nadruk op de neurologie.

In Hoofdstuk 2 beschrijven we de hiv-geïnfecteerde kinderpopulatie 
in Nederland, die sinds 1996 geregistreerd en gemonitord wordt door de 
Stichting hiv Monitoring (shm). Het grote merendeel van deze kinderen 
zijn immigranten of kinderen van immigranten uit regionen die endemisch 
zijn voor hiv, en met name uit sub-Sahara Afrika. Deze studie laat zien dat de 
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Nederlandse hiv-geïnfecteerde kinderpopulatie een goede immunologische 
reconstitutie had na het starten van cart. Dit effect was niet afhankelijk van 
de leeftijd bij het starten van de therapie, noch van de uitgangswaarde van 
cd4+ T-cellen (de meest gebruikte marker voor immunologische status van 
hiv-geïnfecteerde patiënten). Het percentage kinderen met een onmeetbaar 
lage hiv load steeg van 27% in 1996 tot 89% in 2012, en was daarmee een van 
de hoogst gerapporteerde waarden uit ontwikkelde landen. Ook was er een 
relatief lage mortaliteit in vergelijking met andere studies uit west Europa en 
de Verenigde Staten. 

In ditzelfde cohort onderzochten wij verschillen tussen hiv-geïnfecteerde 
kinderen die in Nederland zijn geboren en kinderen die geïmmigreerd zijn uit 
sub-Sahara Afrika. Bij volwassenen bleek eerder dat therapie bij immigranten 
vaker faalde, en dat zij baat zouden kunnen hebben bij een strengere poliklini-
sche controle. Hoofdstuk 3 beschrijft dat de hiv diagnose en de leeftijd waarop 
gestart werd met cart later was in de groep kinderen uit sub-Sahara Afrika. 
Desondanks was er geen verschil in immunologische reconstitutie op lange 
termijn, en werd een vergelijkbare virologische respons in beide groepen 
geobserveerd. 

deel 2 – complicaties

Deel 2 van dit proefschrift bevat studies die zich richten op verschillende 
complicaties die bij kinderen geassocieerd worden met een chronische hiv 
infectie. Middels een cross-sectioneel onderzoek in kinderen met een perinata-
le hiv-infectie onderzochten wij hun neurologische, cognitieve, psychosociale 
en oogheelkundige status. Een essentieel element van dit onderzoek was de 
inclusie van een gezonde controlegroep. In Deel 1 lieten wij zien dat hiv-ge-
infecteerde kinderen in Nederland vaak immigranten met een relatief lage 
sociaaleconomische status (ses) zijn. ses is een bekende en belangrijke voor-
speller voor bijvoorbeeld cognitief functioneren en psychosociaal welzijn. De 
gezonde kinderen waren daarom van een vergelijkbare leeftijd, geslacht, etni-
citeit en sociaaleconomische status (ses) als de hiv-geïnfecteerde kinderen, 
wat een onterechte overschatting van eventuele problemen kon voorkomen. 

Hoofdstuk 4 laat zien dat ondanks de goede behandeling van het merendeel 
van de hiv-geïnfecteerde groep, zij een duidelijk slechtere cognitieve functie 
hadden dan de gezonde controles. De cognitie werd getest door middel van 
een neuropsychologisch onderzoek in 5 cognitieve domeinen: intelligentie, 
verwerkingssnelheid, oog-hand coördinatie, geheugen en executieve functie. 
Ook vonden wij dat kinderen met een slechte klinische toestand bij hun hiv 
diagnose een lager intelligentie quotiënt (iq) hadden.
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Bij beeldvorming van het brein met behulp van geavanceerde 3 Tesla Magnetic 
Resonance Imaging (mri) scans, vonden wij een lager volume van grijze en witte 
stof, meer witte stof afwijkingen, en een slechtere witte stof integriteit bij de 
hiv-geïnfecteerde kinderen. In de hiv-geïnfecteerde groep vonden we asso-
ciaties tussen een slechtere gezondheid voordat cart werd gestart, en een 
lager hersenvolume en een slechtere integriteit van de witte stof. Daarnaast 
vonden wij dat negatieve afwijkingen in een deel van deze mri parameters 
gecorreleerd waren met een slechtere cognitieve functie (Hoofdstuk 5).

In tegenstelling tot cognitie en mri, vonden we bij oogonderzoek geen 
grote verschillen in functie (Hoofdstuk 6). Wel werd in de hiv-geïnfecteerde 
groep een dunnere fovea (het punt op de retina bijna recht achter de ooglens) 
gevonden, en er bleek een correlatie te bestaan tussen het hebben van een dun-
nere fovea en een hogere virale load bij hiv-diagnose.

In Hoofdstuk 7 wordt de gezondheid-gerelateerde kwaliteit van leven van 
de hiv-geïnfecteerde kinderen met die van de gezonde controles vergeleken. 
Het was opmerkelijk dat de kwaliteit van leven niet verschilde tussen beide 
groepen, en dat beide groepen ook niet negatief afweken van de Nederlandse 
norm. Een combinatie van factoren lijkt hieraan ten grondslag te liggen, in het 
bijzonder de goed gestructureerde zorg en gratis medicatie voor kinderen met 
hiv in Nederland, alsmede het feit dat goed behandelde hiv niet gepaard gaat 
met pijn, wat een belangrijke factor voor een slechte gezondheid-gerelateerde 
kwaliteit van leven is. 

Als laatste beschrijft Hoofdstuk 8 een longitudinaal onderzoek in twee 
kindercohorten uit Nederland en Zuid Afrika, waarin veranderingen in 
regionale vetverdeling werden onderzocht met behulp van dual-energy X-ray 
absorpiometry (dexa). Deze studie liet zien dat subcutaan vetverlies nog steeds 
veel voorkomt bij hiv-geïnfecteerde kinderen, en dat dit vetverlies sterk 
geassocieerd is met het gebruik van het antiretrovirale medicijn stavudine. 
Vooral door deze bijwerking wordt stavudine niet meer geadviseerd door de 
Wereldgezondheidsorganisatie, maar in veel ontwikkelingslanden wordt het 
nog steeds voorgeschreven.

Hoofdstuk 9 is een algemene discussie van de bevindingen van onze stu-
dies tegen de achtergrond van de bestaande literatuur. Dit hoofdstuk bevat 
onze visie op waar toekomstig onderzoek in hiv-geïnfecteerde kinderen en 
adolescenten zich op zou kunnen richten om allereerst de pathofysiologie van 
complicaties van chronische hiv beter te begrijpen, en uiteindelijk methoden 
voor het voorkomen en behandelen van deze complicaties te ontwikkelen.
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