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Abstract

Background—We described malnutrition and the effect of age at antiretroviral therapy (ART)
initiation on catch-up growth over 24 months among HIV-infected children enrolled in the IeDEA
West African paediatric cohort (pWADA).

Methods—Malnutrition was defined at ART initiation (baseline) by a Z-score <-2 SD, according
to three anthropometric indicators: Weight-for-age (WAZ) for underweight, Height-for-age (HAZ)
for stunting, and Weight-for-Height/BMI-for-age (WHZ/BAZ) for wasting. Kaplan-Meier
estimates for catch-up growth (Z-score =-2 SD) on ART, adjusted for gender, immunodeficiency
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TheleDEA West Africa Collaboration Study Group (as of April 29, 2013): Participating sites (*members of the Steering

Committee, Smembers of the Executive Committee):

Benin, Cotonou:

Adults; Djimon Marcel Zannou*, Carin Ahouada, Jocelyn Akakpo, Christelle Ahomadegbé, Jules Bashi, Alice Gougounon-Hong’taoge 5
ngele Azon-Kouanou, Fabien Houngbé, Jean Sehonou (CNHU Hubert Maga).

Pediatrics: Sikiratou Koumakpa'l'*§, Florence Alihonou, Marcelline d'Almeida, Irvine Hodonou, Ghislaine Hounhoui, Gracien Sagbo,

Ee'rli_anaf;mmﬂ@mm AR (it dhbARTagalgimen, time period and country, were compared by age
urkina Faso:

Adults: Joseph Drabo*, René Bognounou, Arnaud Dienderé, Eliezer Traore, Lassane Zoungrana, Béatrice Zerbo (CHU Yalgado,

Ouagadougou), Adrien Bruno Sawad0g0*§, Jacques Zoungrana, Arséne Héma, Ibrahim Soré, Guillaume Bado, Achille Tapsoba

(CHU Souro Sanou, Bobo Dioulasso)

Pediatrics: Diarra Yé*, FlaKouéta, Sylvie Ouedraogo, Rasmata Ouédraogo, William Hiembo, Mady Gansonré (CH Charles de Gaulle,

Ouagadougou).

Céote d'lvoire, Abidjan:

Adults: Eugene Messou*, Joachim Charles Gnokoro, Mamadou Koné, Guillaume Martial Kouakou, (ACONDA-CePReF); Clarisse

Amani Bosse*, Kouakou Brou, Achilsidore Assi (ACONDA-MTCT-Plus); Henri Chenal*, Denise Hawerlander, Franck Soppi

(CIRBA); Albert Minga*, Yao Abo, Jean-Michel Yoboue (CMSDS/CNTS); Serge Paul Eholié*§, Mensah Deborah Noelly Amego,

Viviane Andavi, Zelica Diallo, Frédéric Ello, Aristophane Koffi Tanon (SMIT, CHU de Treichville), Serge Olivier Koule*, Koffi

Charles Anzan, Calixte Guehi (USAC, CHU de Treichville);.

Pediatrics: Edmond Addi Aka*, Koffi Ladji Issouf, Jean-Claude Kouakou, Marie-Sylvie N'Gbeche, (ACONDA-CePReF); Touré

Pety*, Divine Avit-Edi (ACONDA-MTCT-Plus); Kouadio Kouakou*, Magloire Moh, Valérie Andoblé Yao (CIRBA); Madeleine

Amorissani Folquet*, Marie-Evelyne Dainguy, Cyrille Kouakou, Véronique Tanoh Méa-Assande, Gladys Oka-Berete, Nathalie Zobo,

Patrick Acquah, Marie-Berthe Kokora (CHU Cocody); Tanoh Frangois Eboua*, Marguerite Timité-Konan, Lucrece Diecket

Ahoussou, Julie Kebé Assouan, Mabéa Flora Sami, Clémence Kouadio (CHU Yopougon).

Ghana, Accra:

Pediatrics: Lorna Renner*§, Bamenla Goka, Jennifer Welbeck, Adziri Sackey, Seth Ntiri Owiafe (Korle Bu TH).

Guinea-Bissau:

Adults: Christian Wejse*§, Zacarias José Da Silva*, Joao Paulo (Bandim Health Project), The Bissau HIV cohort study group:

Amabelia Rodrigues (Bandim Health Project), David da Silva (National HIV program Bissau), Candida Medina (Hospital National

Simao Mendes, Bissau), Ines Oliviera-Souto (Bandim Health Project), Lars @stergaard (Dept of Infectious Diseases, Aarhus

University Hospital), Alex Laursen (Dept of Infectious Diseases, Aarhus University Hospital), Morten Sodemann (Dept of Infectious

Diseases, Odense University Hospital), Peter Aaby (Bandim Health Project), Anders Fomsgaard (Dept. of Virology, Statens Serum

Institut, Copenhagen), Christian Erikstrup (Dept. of Clinical Immunology), Jesper Eugen-Olsen (Dept. of Infectious Diseases,

Hvidovre Hospital, Copenhagen).

Mali, Bamako:

Adults: Moussa Y Ma'l'ga*§, Fatoumata Fofana Diakité, Abdoulaye Kalle, Drissa Katile (CH Gabriel Toure), Hamar Alassane

Traore*, Daouda Minta*, Tidiani Cissé, Mamadou Dembelé, Mohammed Doumbia, Mahamadou Fomba, Assétou Soukho Kaya,

Abdoulaye M Traoré, Hamady Traoré, Amadou Abathina Toure (CH Point G).

Pediatrics: Fatoumata Dicko*, Mariam Sylla, Alima Berthé, Hadizatou Coulibaly Traoré, Anta Koita, Niaboula Koné, Clémentine

N'Diaye, Safiatou Touré Coulibaly, Mamadou Traoré, Naichata Traoré (CH Gabriel Toure).

Nigeria:

Adults: Man Charurat* (UMB/IHV), Samuel Ajayi*, Georgina Alim, Stephen Dapiap, Otu (UATH, Abuja), Festus Igbinoba (National

Hospital Abuja), Okwara Benson*, Clément Adebamowo*, Jesse James, Obaseki, Philip Osakede (UBTH, Benin City), John Olasode

(OATH, lle-Ife).

Senegal, Dakar:

Adults: MoussaSeydi*, Papa Salif Sow, Bernard Diop, Noél Magloire Manga, Judicael Malick Tine§, Coumba Cissé Bassabi (SMIT,

CHU Fann),

Pediatrics: Haby Signate Sy*, Abou Ba, Aida Diagne, Héléne Dior, Malick Faye, Ramatoulaye Diagne Gueye, Aminata Diack Mbaye

(CH Albert Royer).

Togo, Lomé:

Adults: Akessiwe Patassi*, Awérou Kotosso, Benjamin Goilibe Kariyare, Gafarou Gbadamassi, Agho Komi, KankoéEdem Mensah-

Zukong, Pinuwe Pakpame (CHU Tokoin/Sylvanus Olympio).

Pediatrics: Koko Lawson—Evi*§, Yawo Atakouma, Elom Takassi, Améyo Djeha, Ayoko Ephoévi-gah, Sherifa El-Hadj Djibril (CHU

Tokoin/Sylvanus Olympio).

Executive Committee*: Francois Dabis (Principal Investigator, Bordeaux, France), Emmanuel Bissagnene (Co-Principal

Investigator, Abidjan, Céte d'lvoire), Elise Arrivé (Bordeaux, France), Patrick Coffie (Abidjan, Cote d'lvoire), Didier Ekouevi

(Abidjan, Céte d'lvoire), Antoine Jaquet (Bordeaux, France), Valériane Leroy (Bordeaux, France), Charlotte Lewden (Bordeaux,

France), Annie J Sasco (Bordeaux, France).

Operational and Statistical Team: Dieudonné Amani (Abidjan, Cote d'lvoire), Jean-Claude Azani (Abidjan, Cote d'lvoire), Eric

Balestre (Bordeaux, France), Serge Bessekon (Abidjan, Cote d'Ivoire), Franck Bohossou (Abidjan, Céte d'lvoire), Camille Gilbert

(Bordeaux, France), Sophie Karcher (Bordeaux, France), Jules Mahan Gonsan (Abidjan, Cote d'Ivoire), Jérome Le Carrou (Bordeaux,

France), Séverin Lenaud (Abidjan, Cote d'lvoire), Célestin Nchot (Abidjan, Cote d'lvoire), Karen Malateste (Bordeaux, France),

Amon Roseamonde Yao (Abidjan, Céte d'Ivoire), Bertine Siloué (Abidjan, Cote d'lvoire).

Administrative Team: Gwenaelle Clouet (Bordeaux, France), Madikona Dosso (Abidjan, Cote d'Ivoire), Alexandra Doring§

(Bordeaux, France), Adrienne Kouakou (Abidjan, Cote d'lvoire), Elodie Rabourdin (Bordeaux, France), Jean Rivenc (Pessac, France).

Consultants/ Working Groups: Xavier Anglaret (Bordeaux, France), Boubacar Ba (Bamako, Mali), Renaud Becquet (Bordeaux,

France), Jean Bosco Essanin (Abidjan), Andrea Ciaranello (Boston, USA), Sébastien Datté (Abidjan, Cote d'lvoire), Sophie

Desmonde (Bordeaux, France), Jean-Serge Elvis Diby (Abidjan, Cote d'lvoire), Geoffrey S.Gottlieb* (Seattle, USA), Apollinaire

Gninlgninrin Horo (Abidjan, Cote d'lvoire), Serge N'zoré Kangah (Abidjan, Cote d'lvoire), Denis Malvy (Bordeaux, France), David

Meless (Abidjan, Cote d'lvoire), Aida Mounkaila-Harouna (Bordeaux, France), Camille Ndondoki (Bordeaux, France), Caroline

Shiboski (San Francisco USA), Boris Tchounga (Abidjan, Cote d'lvoire), Rodolphe Thiébaut (Bordeaux, France), Gilles Wandeler

(Dakar, Senegal).
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at ART initiation. Cox proportional hazards regression models determined predictors of catch-up
growth on ART over 24 months.

Results—Between 2001 and 2012, 2004 HIV-infected children < 10 years of age were included.
At ART initiation, 51% were underweight, 48% were stunted and 33% were wasted. The 24-
month adjusted estimates for catch-up growth were 69% (95% confidence interval [CI]: 57;80),
61% (95%CI: 47;70), and 90% (95%CI: 76;95) for WAZ, HAZ, and WHZ/BAZ, respectively.
Adjusted catch-up growth was more likely for children <5 years of age at ART initiation
compared to children =5 years for WAZ, HAZ (P<0.001), and for WHZ/BAZ (P = 0.026).

Conclusions—Malnutrition among these children is an additional burden that has to be urgently
managed. Despite a significant growth improvement after 24 months on ART, especially in
children <5 years, a substantial proportion of children still never achieved catch-up growth.
Nutritional care should be part of the global healthcare of HIV-infected children in sub-Saharan
Africa.

Keywords
HIV; children; antiretroviral therapy; growth; malnutrition; Africa

Introduction

In 2011, 3.3 million children aged <15 years were living with Human Immunodeficiency
Virus (HIV) worldwide, with more than 90% living in Sub-Saharan Africa [1]. Growth
faltering has been reported in up to 50% of untreated HIV-infected children in resource-
limited settings [2-4], and several studies have shown that HIV-related growth faltering can
be reversed with antiretroviral therapy (ART) [3-11]. ART reduces the risk of HIV-infection
progression and reduces mortality in children [12,13]. ART also has an impact on the child's
nutritional status, by reducing pro-inflammatory cytokine concentration, and improving
immune system functions [14]. Improvements in growth may in turn help towards a slower
HIV disease progression and reduce pediatric HI\V-related morbidity and mortality [15,16].
Several factors at ART initiation could influence treatment response and therefore growth
reconstitution. Data suggest that children starting ART at an early age have a greater chance
for catch-up growth and reaching the reference growth standards for their age and gender
[17,18]. While a better growth response is found among younger children at ART initiation
compared to older ones in some studies [5,6,17,19], others report that growth response after
ART initiation is not associated with age [4,20]. In addition, despite an improvement of
weight and height after ART initiation, restoration to a normal nutritional status is often not
reached for a high proportion of children, even after two years of follow-up [3-5,18]. Most
of these studies have been conducted in Eastern and Southern Africa. Few data are available
on malnutrition in West-African HIV-infected children [21], and none have been described
in the post-ART era.

We hypothesized that children who start ART at a younger age will have a better growth
recovery than children who start ART at a later age. Our main objective was to describe
malnutrition at ART initiation and study the association between age at ART initiation and

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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time to catch-up growth within 24 months post-ART initiation among HIV-infected children
enrolled in the leDEA West African pediatric cohort.

Study population

The 1eDEA network (International epidemiologic Databases to Evaluate Aids) is an
international consortium collecting data on HIV infection and AIDS. The WADA
collaboration (West African Database on Antiretroviral therapy) is in charge of the IeDEA
program in West Africa. The pediatric WADA (pWADA\) cohort is a multicenter
observational prospective cohort including children from 11 pediatric clinical centers from
seven countries (Benin, Burkina Faso, C6te d'lvoire, Ghana, Mali, Senegal and Togo) of the
WADA collaboration [22,23]. Eligible criteria for the pWADA cohort are the following: all
HIV-infected children <16 years with a confirmed HIV-infection (positive serology in
children >18 months, or positive polymerase chain reaction (PCR), whatever the age),
receiving ART or not, and all HIV-exposed children born to HIV-infected mothers until
their definite HIV diagnosis.

Children included in this study were those in the pWADA cohort, HIV-infected, naive of
any ART before inclusion other than Prevention of Mother to Child Transmission (PMTCT),
with a documented date of birth and ART regimen, who initiated ART during follow-up in
pWADA, and aged <10 years, with at least two anthropometric measurements during
follow-up, including one in the first 3 months of ART and one after 6 months of ART. We
excluded children who were enrolled in centers with a very small sample size (<50
children).

Variables and data management

Malnutrition is defined by several anthropometric indicators according to the Waterlow
definition used by the WHO [24]. In this study, we defined standardized malnutrition using
Z-scores, which guantify how many Standard Deviations (SD) child's weight and height is
from the median value of a child of the same age and gender, in a reference population.
Malnutrition is defined by a Z-score < -2 SD, with moderate malnutrition between -3 and -2
SD and severe malnutrition < -3 SD. The 2006 WHO growth charts were used for children
<5 years [25], and the 2007 WHO growth charts for children =5 years [26]. We defined
three anthropometric indicators: Weight-for-Age (WAZ) for underweight, Height-for-Age
(HAZ) for stunting, and Weight-for-Height/BMI-for-Age (WHZ/BAZ) for wasting. The
latter indicator was combined using Weight-for-Height for children until 5 years of age and
BMI-for-age for older children. The Z-scores were calculated with WHO Anthro Software
(version 3.2.2, January 2011) and WHO Anthro Plus. Z-scores < -10 and Z-scores > +10 SD
were viewed as outliers and were not included in the catch-up growth analysis, as
representing less than 2% of data.

The principal covariables were age at ART initiation (in classes: [0-2], [2-3], [3-4], [4-5] and
[5-10] years), gender, ART regimen, Cotrimoxazole prophylaxis, clinical centers, and
immunodeficiency for age according to the 2006 WHO guidelines [27]. CD4 was expressed

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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in percentage for children < 5 years and in cells per pL for children = 5 years. Severe
immunodeficiency was defined as CD4% <15% or CD4 cells/uL <350 cells/uL, and
moderate immunodeficiency as CD4% between 15-25% or CD4 count between 350-499
cells/pL.

All children on ART were seen monthly and had unrestricted free access to antiretroviral
drugs. Weight and height were measured at each visit, using standardized procedures [28].
Absolute CD4 cell count and CD4% were measured every 6 months. Nutritional
supplementation was not part of the standard HIV healthcare. Children detected with severe
wasting were hospitalized.

Data from each center were collected prospectively from 1998 to 2012 with the formal
approval of each participating clinic of pWADA, with local Institutional Review Board and
NIH approval.

Statistical analysis

Results

We first measured the prevalence of malnutrition at ART initiation (baseline) according to
the three anthropometric indicators above. Baseline characteristics at ART initiation were
compared according to malnutrition using the Pearson y2 test for categorical variables and
the Kruskal-Wallis test for continuous variables. To investigate the factors associated with
malnutrition at ART initiation, we ran logistic regression models for each indicator. The
variables with a p-value <0.25 in univariate analysis were selected for multivariate analysis
and then kept in a full model. Results were adjusted for age, immunodeficiency, gender,
countries and time period of ART initiation.

The database closing date was October 30t 2012. Children were lost to follow-up (LTFU)
when the last clinical contact was more than 6 months. Catch-up growth was defined by
transition from a Z-score < -2 SD to a Z-score = -2 SD. A sensitivity analysis was then
conducted defining catch-up growth by transition to a Z-score = -1 SD. Among children
malnourished at ART initiation, the probability for catch-up growth, for each growth
outcome separately, within the first 24 months on ART, was described using an adjusted
Kaplan-Meier estimator. Children were followed up from ART initiation to time of first
growth recovery, or death, date of last clinical contact, transfer out or the database closing
date, whichever came first. Additionally, because wasting is defined only until 10 years,
children were censored on their 10t birthday. A Cox proportional hazards regression model
was used to study predictors associated with time to catch-up growth. Analyses were
adjusted for age, gender, immunodeficiency status at ART initiation, ART regimen, time
period of ART initiation, countries and severity of baseline malnutrition (moderate vs.
severe).

Baseline and follow-up characteristics of the study population

Among the 4804 HIV-infected children on ART included in the pWADA cohort, 3610
initiated ART< 10 years between 2001 and 2012 (Figure 1). Among them, 2004 (56%) fitted
the inclusion criteria. At ART initiation, the median age was 4.1 years (interquartile range

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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(IQR)=[2.1;6.7]), and 46% were girls. Median baseline WAZ, HAZ and WHZ/BAZ were
-2.05 (IQR=[-3.27,-1.08]), -1.98 (IQR=[-2.98;-0.97]), and -1.31 (IQR=[-2.58;-0.32]),
respectively. The first-line ART regimen was based on protease inhibitors (PI) for 17% of
children. Data on Cotrimoxazole use were missing for most children, slightly more for
malnourished children. Forty-one percent were classified at WHO clinical stage I11 or IV,
and 37% were severely immunedeficient for age. Fifty-three percent of children initiated
ART between 2005 and 2008 (Table 1). Overall, 50.7% were underweight (95% Confidence
Interval (95%CI)=[48.5;52.9]), 48.4% were stunted (95%CI=[46.2;50.6]), and 33.4% were
wasted (95%CI1=[31.3;35.5]), (Figure 1). Among malnourished children, according to each
type of malnutrition, 58.8% were severely underweight, 50.1% were severely stunted and
57.0% were severely wasted.

The median follow-up time on ART for the 2004 children was 25 months
(IQR=[12;47]).Thirteen percent of children were LTFU and 3% were deceased before 24
months of ART.

The 2004 children contributed 14766 available anthropometric measurements during the
first 24 months of treatment, which represents >75% of the overall available anthropometric
data during the entire follow-up. The median number of observations was 4per child

(IQR=[3;7]).

Compared with the selected population, children excluded for missing anthropometric data
did not differ in age or gender but differed in terms of follow-up quality. Clinical variables
were more often missing (p<0.001) and the proportion of death and LTFU during the entire
follow-up was highest in excluded children: 11% vs. 2% and 34% vs. 24% respectively
(p<0.001).

Factors associated at ART initiation, probabilities and predictors of catch-up growth at 24-
month: Underweight (Weight-for-Age Z-score)

In multivariate analyses, children <2 years had significantly higher odds of being
underweight at ART initiation compared to children >5 years (adjusted Odds Ratio
(a0R)=2.09, 95%CI=[1.62; 2.71]). Furthermore, severely immunedeficient children had
higher odds of being underweight at ART initiation compared with non immunedeficient
children (aOR=1.81, 95%CI=[1.36; 2.40]) (Table 2).

For the 1016 children underweight at baseline, the median time to catch-up growth was 11.7
months (95%CI=[9.8; 12.2]). Their crude 24-month cumulative probability for catch-up
growth was 70% (95%CI=[67;74]), while the adjusted rate was 69% (95%CI=[57-80])
(Figure 2). Children aged 0 to 2 years and 2 to 3 years at ART initiation had the highest
probability for catch-up growth for WAZ before 24 months: the adjusted cumulative
probabilities by 24 months were both 81%, (95%CI=[69; 88] and [67-89] respectively)
whereas it was 53% (95%CI=[40; 63]) for children =5 years (p <0.001) (Figure 2). In Cox
analysis, catch-up growth was more likely in all children <5 years compared to older
children. Boys were more likely to catchup growth for WAZ than girls (aHR=0.80,
95%CI1=[0.68; 0.95]), as well as children with severe malnutrition at baseline (aHR=0.42,
95%CI1=[0.36; 0.50]) compared to moderate malnutrition (Table 3).

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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Stunting (Height-for-Age Z-score)

Adjusted for all co-variables, children <5 years suffered more from stunting at ART
initiation than children =5 years (p<0.001). Boys had higher odds of being stunted at ART
initiation than girls (aOR=1.32, 95%CI=[1.10; 1.58]), as well as severely immunedeficient
children compared to those not (aOR=1.71, 95%CI=[1.28; 2.27]), and children initiating
ART in the 2001-2004 and the 2005-2008 periods, compared with children initiating ART
between 2009 and 2012 (aOR=1.67, 95%CI=[1.19;2.36] and aOR=1.30, 95%CI=[1.07-1.59]
respectively) (Table 2).

For the 970 children stunted at baseline, the median time to catch-up growth was 17.7
months (95%CI=[15.4; 19.3]).Their crude 24-month cumulative probability for catch-up
was 61% (95%CI=[58; 65]), while the adjusted rate was 61% (95%CI=[47-70]) (Figure 2).
Children aged =5 years had a significantly lower 24-month probability for catch-up growth
(40% (95%C1=[28;49]) compared to younger children, where this probability reached 58%
(95%CI1=[44;68])(p<0.001) (Figure 2).In Cox analysis, catch-up growth was more likely in
children <5 years, and less likely in children with severe compared to moderate malnutrition
at ART initiation(0.33, 95%CI=[0.27; 0.39]). The time period of ART initiation did not have
an effect on catch-up growth for HAZ (Table 3).

Wasting (Weight-for-Height / BMI-for-age Z-score)

Compared to children =5 years, children <2 years had higher odds of being wasted at ART
initiation (aOR=2.45, 95%CI1=[1.89;3.17]), whereas we observed an opposite trend in
children aged 3 to 4 years (aOR=0.64, 95%CI=[0.44;0.93]). For other age groups, there was
no significant difference, though there was trend towards lower risks in 4-5 years as well
(Table 1). For the 670 children wasted at baseline, the median time to catch-up growth was
5.5 months (95%CI=[4.8;5.7]). The overall crude cumulative probability for catch-up
growth by 24 months was 94% (95%CI=[91;96]), while the adjusted rate was 90%
(95%CI=[76-95]) (Figure 2). The probability for catch-up growth for WHZ/BAZ differed
according to age at ART initiation (p=0.026).In Cox analysis, there was a significant
association between age at ART initiation and catch-up growth; children aged 3-4 years had
higher odds compared to children =5 years (aOR=1.69, 95%CI=[1.21-2.36].As in previous
analyses, children with severe malnutrition at baseline were less likely to catchup growth
(aHR=0.52, 95%CI=[0.44;0.62]), as were boys (aHR=0.81, 95%CI=[0.68; 0.96]). Catch-up
growth tended to be more likely in children initiating ART between 2001 and 2004 than in
children initiating ART after 2009 (aOR=0.66, 95%CI=[0.48-0.91])(Table 3).

Sensitivity analyses: catch-up growth at a Z-score = -1 SD

Using a higher threshold for the definition of catch-up growth, the adjusted 24-month
cumulative probabilities for catch-up growth were much lower than previously: 28%
(95%CI=[16;38]), 31% (95%CI=[14-44]), 61% (95%CI=[43-73]) for WAZ, HAZ and
WHZ/BAZ respectively, with significant differences by age group (p<0.001). In Cox
analyses, the association with age at ART initiation was more pronounced, for each
anthropometric indicator, younger children were more likely to catch up growth.

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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Discussion

This large sample-sized prospective cohort study of 2004 HIV-infected children allows
providing an original estimation of the prevalence of malnutrition among children at ART
initiation in West Africa, and assessing their rates and predictors to catch-up of normal
growth for age during the first 24 months on ART. ART was initiated at a late age (median:
4.1 years) and the prevalence of malnutrition at that time was already high according to all
three indicators (51% underweight, 48% stunted, and 33% wasted, with a higher prevalence
in the younger children and those severely immunedeficient). After 24 months on ART,
malnourished children had a substantial probability of reaching their population age norms,
varying from 61% for HAZ, 70% for WAZ, to 94% for WHZ/BAZ. In adjusted analysis, the
rates for catch-up growth differed by age at ART initiation for Weight-for-age and Height-
for-age indicators: children <5 years were more likely to catchup growth compared to older
children. Furthermore, children aged 3-4 years were more likely to catch-up growth
according to Weight-for-Height / BMI-for-age compared to children =5 years.

Growth reconstitution on ART was more effective and occurred sooner in wasted children
compared to those underweight or stunted: it is easier to recover from acute malnutrition
than from chronic malnutrition, where damages can be irreversible. Similar results were
observed in a Kenyan study where catch-up growth was defined by a Z-score = 0 SD [17].
In a study in Southern Africa, the percentage of children with a Z-score > -2 SD at different
times after ART initiation was similar for Weight-for-age and Weight-for-Height, and
higher than for Height-for-age [18].

Children <5 years at ART initiation presented a better growth reconstitution than older
children. This is consistent with other studies [5,6,17,29], but not all [4]. This could be
explained by metabolic and nutritional disorders occurring before ART initiation that
obviously would not last as long in the youngest children compared to the older ones, if we
assume that all these children were perinatally infected. Indeed, HIV-infected children suffer
from opportunistic infections such as persistent diarrhea, malabsorption, and have pro-
inflammatory effects which can cause intestinal dysfunction [30] and affect height and
weight. Early ART initiation could prevent these disorders, but its beneficial effects may be
too late for older children.

Overall, the population selection process could have led to an underestimation of the
prevalence of malnutrition among HIV-infected children initiating ART. Indeed, the
children excluded for missing anthropometric data represented 45% of the targeted
population, and were more often LTFU or deceased, possibly because they suffered from
malnutrition. Multiple imputation could be a solution, however, we felt we had two very
different populations here and chose not to impute for these reasons. More efforts are needed
to improve the quality of the follow-up and data collection. In addition, our study is not
representative of all children on ART in these regions as most of the data were gathered
from urban sites, in which the standard of care may be higher than in rural areas.

Our prospective cohort design allowed controlling the temporality of the events, observing
the development of malnutrition in children after ART initiation over 24 months.

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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Unfortunately, we could only include few explanatory variables to study associated factors
to malnutrition and catch-up growth for data availability issues. Data on viral load were not
collected routinely, neither were data on nutritional supplementation practices during the
follow-up period, which could be critical to further explore this question.

All the results observed at and after ART initiation should be interpreted with caution
keeping in mind that children were not issued from a representative birth-cohort, with a high
risk of death in children before the age of two years [31,32]. In this context of difficult
access to HIV-care, the younger children are also the more symptomatic which is what
brings them to care, leading to an indication bias. However, this study offers a unique
opportunity to describe the problem of malnutrition in this pediatric population in its context
and its evolution under ART given the currents healthcare practices.

In our study, children started ART late, at an advanced stage of the disease, reflecting the
difficulties for early detection of HIV-infected children in resource-limited settings [33].
The prevalence of malnutrition in HIV-infected children at ART initiation in our study was
higher than that in the general child population in West Africa (22% of underweight, 36% of
stunting and 10% of wasting) [34], underlining the increasing effect of HIV-infection on
malnutrition among children in this region.

There was no association between baseline immunodeficiency and growth recovery, as
reported in previous studies [35]. However, it has been previously reported that height is
correlated with CD4% at baseline in children on ART [36].For wasted and underweight
children, some studies also observed an association with immunodeficiency at ART
initiation [18,29]. Among malnourished children at ART initiation, those who were severely
immunedeficient could have nutritional problems directly due to HIVV-infection. Thus, after
ART initiation, immune system disorders can be reversed and associated nutritional
problems can be reduced. We report elsewhere in the same population that the initiation of
ART at the earliest age before 5 years and before any severe immunodeficiency occurred is
needed to optimize the 24-month immune recovery on ART [37].

Our cohort represents a decade of pediatric HIV care, but we observed little differences in
the prevalence of malnutrition and the probabilities of catch-up growth according to the time
period of ART initiation. Despite a better access to ART and HIV care, nutritional care does
not seem to have evolved. Few studies have investigated nutritional supplementation among
HIV-infected children. Despite a trend to beneficial effects of these supplements for the
development of HIV-infected children, the level of proof remains low [38,39].

In conclusion, malnutrition among HIV-infected children in West Africa is highly prevalent
at ART initiation, representing an additional burden that needs to be urgently managed. In
resource-limited settings, pediatric HIV infection is still detected too late, and ART
initiation is delayed [31,33]. Initiation of ART before children develop growth failure,
especially stunting, should be encouraged. The present study highlights age at ART
initiation as a predictor of better catch-up growth, with significantly improved chances for
catch-up growth among those starting ART before the age of 5 years. These findings support
ART initiation at the earliest convenience before the age of 5 years and the presence of

Pediatr Infect Dis J. Author manuscript; available in PMC 2016 July 01.
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growth failure, independently of baseline immunodeficiency. This is in line with the revised
WHO guidelines recommending ART initiation in all children aged <5 years [40]. Despite a
significant growth improvement after ART initiation, a substantial proportion of children
still did not achieve catch-up growth after two years on ART, even in the age groups with
the better growth responses, and when defining catch-up growth with the lowest possible
threshold. Further research is needed to better understand the growth reconstitution in ART
treated children and to investigate nutritional interventions to improve growth on ART. This
will lead to the optimization of the ART response of HIV-infected children in West Africa,
improving their survival and quality of life.
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Cohort profile of the study sample selection and prevalence of malnutrition with their 95%
confidence Intervals according to Weight-for-Age, Height-for-Age and Weight-for-Height/
Body Mass Index-for-Age Z-scores (WAZ, HAZ, WHZ/BMI). * Z-score = -2 Standard
Deviations (SD) T Z-score < -10 or >10 SD, $CI = Confidence Intervals. leDEA West

African paediatric cohort
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Figure 2.

Estimated probabilities of catch-up growth (Z-score = -2 SD) based on adjusted Kaplan-

Meier estimates within the first 24 months on ART in HIV-infected children suffering at

baseline from underweight (n=1016), stunting (n=970) and wasting (n=670) respectively,
according to age at ART initiation. leDEA West African paediatric cohort
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