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Research in context 

 

Evidence before this study 

The safety of antiretrovirals in very young children should be evaluated carefully. It may be different 

from that observed in adults, or even children, because of the immaturity of certain metabolic 

pathways during the first months of life, as well as more limited knowledge of the pharmacology. 

This concerns both mother-to-child transmission prophylaxis programs that include a post-natal 

treatment component for the child, as well as early treatment of HIV-infected children. The analysis 

is complex for the early treatment of HIV infection because it is not easy to distinguish the specific 

effect of a molecule within an association; In addition, HIV infection itself, particularly during the 

primary infection phase, may be accompanied by confounding symptoms. For various reasons, 

lopinavir boosted with ritonavir (LPV/r) remains one of the key molecules of the pediatric antiviral 

armamentarium in 2018, especially in countries with restricted access to treatment where a generic 

form is available. Unexpectedly and paradoxically, a slightly lower weight in the LPV/arm was 

reported in three out of four randomized studies in HIV-infected young children, despite a better 

virological outcome. 
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Added value of this study 

Here lower weight gain under LPV/r was confirmed in the large ANRS 12174 randomized trial, which 

compared two monotherapies administered to uninfected newborns during the entire duration of 

breastfeeding, for a maximum of one year, for prophylactic purposes. The difference here is 

indisputable, since it was observed in the absence of HIV infection of the child and as a randomized 

monotherapy. The large number of children included in the trial allows for a robust statistical 

analysis. 

 

Implications of all the available evidence 

The lower weight gain under LPV/r indicates a persistent metabolic or nutritional effect in young 

children for which the mechanisms, as well as long-term clinical implications, need to be assessed. 

 

 

  

 

Abstract:  

Background: The tolerance of antiretroviral drugs by infants must be carefully evaluated. Lower 

weight gain under lopinavir/r-based combinations has been previously observed in HIV-1 infected 

children.  

Methods:  As a secondary analysis, we evaluated the growth of  1,273 HIV-1 exposed uninfected 

(HEU) infants enrolled in a multinational, randomized, double-blind, controlled trial of infant 

prophylaxis to prevent HIV-1 transmission by breastfeeding (NCT00640263). The 1:1 ratio 

randomization, stratified by country, occurred at seven days for either lamivudine or lopinavir/r 

prophylaxis until cessation of breastfeeding (maximum 12 months). Comparison of weight and height 
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are expressed as z-scores, using the least mean-squares method from the linear-mixed model and 

spline-regression model.  

Findings: There was no difference in length-for-age z-scores (LAZ) between arms during the follow up 

but the weight-for-length z-score (WLZ) and weight-for-age z-score (WAZ) was consistently lower in 

the lopinavir/r than lamivudine arm:  WAZ: -0.18 (95%CI: -0.30; -0.05, p=0.01) at 26 weeks and -0.24 

(95%CI: -0.45; -0.05, p=0.02) at 50 weeks. The difference over time for the WLZ and WAZ was 

confirmed by linear mixed models, whereas spline regression models suggested that the 

phenomenon occurred early and remained constant thereafter (p=0.02 with a knot at 118 days for 

WAZ and p<0.0001 with a knot at 44 days for WLZ). The difference in WLZ was greater among girls.  

Interpretation: Lower weight gain under lopinavir/r is indicative of a persistent impact that could 

have long-term deleterious effects. This merits attention given the early and lifelong ART 

recommendations for HIV-infected infants. 

Funding: French National Agency for Research on AIDS and Viral Hepatitis (ANRS), the Total 

Foundation, the European Developing Countries Clinical Trials Partnership (EDCTP) and the Research 

Council of Norway.  

 

Trial Registration: clinical trials.gov: NCT00640263 
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TEXT:  

Introduction 

The treatment of HIV-1-infected children with antiretrovirals is remarkably effective. Apart from the 

specific compliance difficulties of very young children and adolescents, clinical and virological efficacy 

is similar to that observed in adults.1 The overall tolerance is remarkable, despite specific toxicity 

profiles for each class and each molecule of the same class.2 The protease inhibitor (PI) lopinavir 

(LPV), pharmacologically boosted by ritonavir (LPV/r), is one of the key molecules of the pediatric 



7 

 

antiviral armament, due to its intrinsic antiviral efficacy and the high “genetic barrier” to viral 

resistance.3-5 Its use in low-income countries is increasing, as a generic pediatric formulation is now 

available.6 In addition to the inconvenience of the poor palatability of its oral solution, the tolerance 

of LPV/r is characterized, above all, by digestive disorders, such as nausea and diarrhea,3-4 and lipid 

perturbations, mainly hypertriglyceridemia.7,8 Unexpectedly, lower weight gain in children has been 

observed in the LPV/r based regimen of several randomized studies comparing it to nevirapine-based 

regimens, unrelated to virological outcomes.9-11  

The large randomized ANRS 12174 trial, comparing extended infant prophylaxis of either LPV/r or 

lamivudine – a nucleoside analogue lacking significant overt clinical toxicity12 – in exposed, 

uninfected (HEU) newborns and infants for the prevention of HIV-1 transmission by breastfeeding 

offered a unique opportunity to precisely evaluate the impact of LPV/r on weight gain relative to that 

of another antiretroviral, without interference of either HIV infection or other drugs used in 

combination. 

 

Methods 

Study design and participants 

The ANRS 12174 trial was a multinational, randomized, double-blind, controlled trial conducted in 

1,273 mother-infant pairs in Burkina Faso, South Africa, Uganda, and Zambia between November 16 

2009 and May 7, 2013 (clinical trials.gov NCT00640263). Complete details of the protocol and 

methodology according CONSORT guidelines have been published in detail elsewhere.13,14 In brief, 

the trial enrolled infants born to asymptomatic mothers who were not eligible for ART, according to 

WHO recommendations, at the time of the trial, i.e. CD4 blood count > 350 cells/µL. Mothers and 

infants followed the routine national prevention of mother-to-child transmission programs until trial 

inclusion at day seven after birth, including seven days of nevirapine treatment from the birth of the 

infants. Singleton infants were eligible if they had a negative HIV-1 DNA PCR at day 7. Pediatric liquid 
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formulations of LPV/r (Kaletra®, Abbott, Chicago, USA were given at a  dose of  40 mg of LPV and 10 

mg of ritonavir, twice a day, for infants weighing 2 to 4 kg or 80 mg/20 mg, twice a day, for infants 

weighing > 4 kg). These dose bands were proposed before WHO recommendations were available, 

based on a French population PK analysis14. A subsequent PK analysis revealed that this dosage led to 

a higher proportion of suboptimal exposure in children of less than 4 kg than those following the 

WHO recommendations.1  The new formulation of dispersible granules was not available at time of 

the study. Generic lamivudine (from several manufacturers, depending on the country and period of 

the study) was given at  7.5 mg, twice a day, for infants weighing 2 to 4 kg, 25 mg, twice a day, for 

infants weighing 4 to 8 kg, or 50 mg, twice a day, for infants weighing > 8 kg). The prophylaxis was 

given from day 7 until the end of breastfeeding, plus one week with a maximum duration of 50 

weeks. The trial protocol was approved by the National Ethical Committee for Health Research in 

Burkina Faso, the Biomedical Research Ethics Committee in Zambia, the Uganda National Council for 

Science and Technology, the Stellenbosch University Ethics committee, the Medicines Control 

Council in South Africa, and the Regional Committee for Medical Research Ethics of Norway. All 

participating mothers gave written informed consent. 

 

 

Randomisation and masking 

LPV/r or lamivudine were randomly assigned to participants in a 1:1 ratio to either drug with 

stratification by country. All bottles were masked with a study label that prevented the primary 

caregiver or parent from reading the original label. Drugs were renewed monthly by the trial 

pharmacists who weighed returned bottles to grossly assess adherence. 

Procedures 

According to WHO guidelines15 , the trial physicians received extensive training for anthropometric 

measurement before the trial, using uniform standard procedures, and the same scales and height 

gauges at the four sites, and monitoring during the study.Child’s length and weight twice were 
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measured twice, with  a third measurement if the two measurements differed by greater than or 

equal to 0.8 cm for length and greater than or equal to 80 gram for weight.  

 

 

Outcomes 

As pre specified secondary outcome of the trial, the children’s weight and height were compared 

between the groups of treatment. WHO Child Growth Standards were used to estimate the child’s 

anthropometric status: length-for-age z-score (LAZ), weight-for-length z-score (WLZ), and weight-for-

age z-score (WAZ). Children with a LAZ below -2 were considered to show severe stunting, a WLZ 

below -2, severe wasting, and a WAZ below -2, to be severely underweight.16  

 

Data cleaning 

The anthropometric data were cleaned through four steps: step 1) examination of potential 

weight/height outliers according to the age of the child; step 2) Consistency check between two 

reports of height and weight in the study CRF at each visit; step 3) examination of longitudinal data 

per child, i.e. the search for a large break in the weight/length curve during follow up; and step 4) 

determination of the z-scores according to the WHO Child Growth Standards. 17 Measurements were 

considered to be potentially implausible according to the WHO if: 1) WAZ <-6 or > 5; 2) LAZ <-6 or > 

6; 3) WLZ <-5 or > 5; or 4) WLZ > 3 and LAZ <-3. Extreme changes in LAZ and WLZ-scores of more than 

2.5 between visits were also considered to be implausible. During the data cleaning process, all 

extreme values were assessed individually and all implausible measures considered as missing data. 

For the entire study, after adding all the weight and height measurements, as well as z-scores, the 

percentage of missing data was 1.2% (440 missing data points out of 35,980) for the LPV/r arm and 

1.1% (392 missing data points out of 36,705) for the lamivudine arm. 
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Statistical analysis 

We first used a modified intention-to-treat (ITT) analysis, including all children correctly enrolled with 

at least one anthropometric measurement during the follow up. Data were censored at the end of 

treatment or at the first HIV-1 PCR-positive test. A per-protocol (PP) analysis was performed for the 

subgroup of children with an estimated compliance > 80%. The descriptive analyses are presented as 

medians with interquartile ranges (IQRs) or means with standard deviations (SDs) for continuous 

variables and as frequencies with percentages for categorical variables. The analysis was first 

performed for the entire group, then by country and sex. We analyzed the continuous longitudinal 

data using first, a linear mixed effect model (PROC MIXED in SAS) to describe the three z-scores by 

the type of treatment over time. The covariance structure was assumed to be unstructured. Subject 

and time, in weeks, were added to the model as random effects to account for the correlation 

between repeated measurements on the same individuals. Treatment group, time, time squared, 

and interactions between time variables and treatment group were added as fixed effects.  Model 

parameters were estimated using the Restricted Maximum Likelihood approach. Z-scores were 

compared between arms using the least square mean (LSM) from the linear mixed effect model 

method, at 6, 26, and 50 weeks after enrolment. The p value of the interaction between treatment 

and time from this model was used to determine whether the treatment affected the z-scores over 

time. Then, for each arm the average curve was fitted as a B spline with the same node (calculated 

from the spline regression on all data). For each arm, the difference between the slopes before and 

after the node was calculated. Then, these two differences were compared using the Wald test . We 

used a Generalized Linear Mixed Model (proc GLIMMIX in SAS) with binomial distribution and logit 

link function to assess the evolution of the categorical outcomes (low and severe stunting, wasting, 

and being underweight) over time. Subject and time, in weeks, were added to the model as random 

effects, and treatment group and time as fixed effects. The covariance structure was assumed to be 

unstructured. Model parameters were estimated using the Pseudo-Likelihood MMPL approach. Odds 

ratios are presented with the 95% confidence interval. A sensitivity analysis on continuous data was 
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performed on the children treated for at least 26 weeks. The data were analyzed using SAS 

Enterprise Guide V6.1 (SAS Institute Inc., Cary, NC, USA) and R V3.3.1 (R Foundation for Statistical 

Computing). The WHO SAS macro was used to calculate the indicators of the growth standard z-

scores.16 

Role of the funding sources 

The sponsor and funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the data in the 

study and had final responsibility for the decision to submit for publication. 
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Results 

A total of 1,273 HIV-1 exposed but uninfected newborns were included in the trial; six were wrongly 

enrolled (protocol deviation) and one had no anthropometric data, leaving 1,266 newborns included 

in the analysis (630 in LPV/r group, 636 in lamivudine group, figure S1 in Appendix p1). The baseline 

characteristics of the 1,266 newborns and mothers were similar across the two arms (Table 1) and 

showed slight differences between countries (Table S1 in Appendix, p2). The median age of the 

mothers was 27.1 years (IQR: 23.8-31.2) in the LPV/r group and 27.0 (IQR: 22.9-30.9) in the 

lamivudine group. The median birthweight was 3.00 kg (IQR: 2.74-3.35) in the LPV/r group and 3.00 

kg (IQR: 2.80-3.33) in the lamivudine group. As reported in the main trial article, grade 3-4 serious 

adverse events occurred without significant difference between the two arms.14 Anthropometric 

measurements were available for all 1,266 infants from 14,537 follow-up visits, i.e. 82% of expected 

visits. The median duration of prophylaxis was 41.3 weeks (IQR 28.9-47.3) for the LPV/r group and 

42.1 weeks (IQR 32.9-48.1) for the lamivudine group. Few mothers reported poor feeding or poor 

appetite of their child during treatment (Min-Max: 0.3% at D7 – 5.1% at W46), with no difference 

between arms: three children in each group had a poor appetite at W6; only five children in the 

LPV/r group and one in the lamivudine group at W26 (p=0.09); and eight children in the LPV/r group 

and five in the lamivudine group at W50 (p=0.47). Although there was no difference in the LAZ 

between arms, the WLZ was lower in the LPV/r arm than the lamivudine arm, with differences of -

0.22 (95%CI: -0.34; -0.09, p=0.0006) at 26 weeks and -0.25 (95%CI: -0.47; -0.04, p=0.02) at 50 weeks 

(Table 2). The WAZ was also consistently lower in the LPV/r than lamivudine arm with a difference of 

-0.18 (95%CI: -0.30; -0.05, p=0.01) at 26 weeks and -0.24 (95%CI: -0.45; -0.05, p=0.02) at 50 weeks.  

The difference over time was confirmed by linear mixed models for both the WLZ and WAZ 

(p<0.0001 and p=0.002 Table 2), whereas spline regression models suggest that this reduction 

occurred early and remained uncorrected thereafter (p=0.02 with a knot at 118 days for WAZ, and 
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p<0.0001 with a knot at 44 days for WLZ (Figure 1).  The risk of severe stunting and being 

underweight (z-score <-2) during the period of treatment in the LPV/r arm was not significantly 

different than that in the lamivudine arm: (OR=1.13; IC95%: 0.85-1.49, p=1.13 and OR 1.13; IC95%: 

0.85-1.49, p=0.41, respectively). However, there was a marked trend for higher risk of wasting in the 

LPV/r arm:  OR=1.39; IC95%: 0.99-1.93, p=0.06.The global impact of the treatment on the growth was 

not significantly modified by sex. However, there was a trend for the WLZ (p-value of the interaction 

sex*treatment: p=0.26 for LAZ, p=0.07 for WLZ and p=0.83 for WAZ). The difference in the WLZ was 

greater among girls than boys, with a difference of -0.29 (95%CI: -0.58; 0. 01, p=0.05) for girls and -

0.22 (95%CI: -0.53; 0.09, p=0.18) for boys at 50 weeks (Table 3). The decrease of z-score over time 

was confirmed by linear mixed models for the WLZ and was more significant for girls (girls: p<0.0001; 

boys: p=0.01). Spline regression models suggest that the reduction in the WLZ occurred early among 

girls and remained constant thereafter (p=0.001 with a knot at 44 days, figure S2 in Appendix p 3). 

The Impact of LPV/r was higher in Burkina Faso and Uganda than in Zambia and South Africa for WAZ 

and LAZ but not for WLZ (p-value of the interaction sex*treatment: p=0.02 for LAZ, p=0.87 for WLZ 

and p=0.03 for WAZ) (Table S2). The reduction in WAZ over time was confirmed by a linear model in 

Burkina Faso (p=0.0003), and the reduction in LAZ was confirmed in Uganda (p=0.02). Eight of 10 and 

9 of 10  statistically insignificant differences for LAZ and WAZ, respectively, disfavor LPV/r (Table S2 

Appendix p4 and 5).The per-protocol analysis included 1,004 infants (481 in the LPV/r group and 523 

in the lamivudine group) with an estimated adherence >80% based on the weight of the returned 

bottles. Similar to the ITT analysis, there was no difference in the LAZ between arms at 50 weeks in 

the per-protocol analysis, and the WLZ and WAZ were consistently lower in the LPV/r than 

lamivudine arm at 50 weeks, with differences similar to the ITT analysis. Moreover, the mixed and 

spline-regression models showed a trend for an effect of time on the LAZ (p=0.01 and p=0.08, 

respectively), in addition to the effect of time on the WAZ and WLZ described in the ITT analysis 

(Table S3 and Figure S3 in  Appendix p6 and 7). 
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The sensitivity analyses conducted on children who were treated for at least 26 weeks did not show 

any differences in the results from mixed linear regressions in the ITT analysis. 

 

Discussion 

This large randomized trial compared two single-drug prophylactic regimens with either LPV/r or 

lamivudine in HIV-1 exposed, uninfected infants born to HIV-infected mothers. We observed lower 

WAZ and WLZ in the LPV/r group, starting early after initiating treatment in both the ITT and per-

protocol analyses. The randomization of a large number of children regularly and precisely measured 

and weighed over a one-year period, after a rigorous training of the investigators, allowed us to 

avoid the imprecision inherent in measuring these parameters. Lamivudine-induced weight gain is 

possible, but our findings are consistent with those observed for HIV-1-infected children treated with 

a LPV /r-based combination, randomly compared to those treated with nevirapine, an antiretroviral 

drug from another class. In three of four randomized trials, a slightly lower WAZ in the LPV/r arm was 

similarly noted in the LPV/r group 9-11 (summary of the trials in Table S4 Appendix p8). It is not 

possible to distinguish between the respective roles of LPV and/or its pharmacological booster 

ritonavir, a former anti-HIV drug that also belongs to the PI class. A deleterious role of the excipient 

for LPV/r, which contains 42.4% alcohol and 15.3% propylene glycol by volume, cannot also be 

excluded. The new pediatric formulation of LPV/r as dispersible granules 6 was not available at the 

time of the study and the impact on growth of the different galenic presentations remains to be 

evaluated.  Reversibility and growth recovery after stopping treatment also needs to be assessed; a 

long-term follow-up study of these children is ongoing. Finally, the data are based on infants of less 

than one year of age and extrapolation to older children is not clear. Of note, there was no significant 

difference in growth in two other randomized studies comparing LPV/r to efavirenz.17,18  This 

discrepancy possibly reflects an age-related effect, as the LPV/r versus efavirenz trials were 

conducted in older children. In addition, efavirenz has a very different metabolic impact than 

nevirapine, even though they belong to the same class of antiretrovirals.19 The LPV/r weight-based 
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dosages were in the commonly used range. Blood levels of LPV measured in a subgroup of infants 

and published elsewhere were within the expected values for therapeutic efficacy, somewhat slightly 

under-dosed for one third of the children.20 The observed difference in growth was more pronounced 

in girls. Contrary to previously published gender differences,21 the area under the curve and LPV/r 

residual levels was similar between boys and girls in this trial (unpublished, Frantz Foissac, personal 

communication).  

The pathophysiological mechanisms leading to the observed weight difference remain to be 

elucidated. The loss of integrity of the digestive track is possible, given the mediocre intestinal 

tolerance of LPV/r. No difference in the incidence of digestive adverse events was observed in this 

trial.17 However, LPV/r induced endoplasmic reticulum stress and epithelial cell apoptosis in a mouse 

intestinal epithelial cell model, leading to the impairment of mucosal barrier integrity.22 Such an 

alteration could induce a subclinical malabsorption syndrome and lower than expected weight gain, 

although this is still speculation. A more trivial explanation could be that the bad taste of the oral 

suspension may have also reduced the appetite of the children, resulting in lower growth. However, 

the appetite of the children was not significantly different between the two arms, as evaluated by 

the mothers.   

 

Another possibility could be dysfunction of one of the many metabolic pathways with which LPV 

and/or ritonavir interact. Lipid abnormalities and insulin resistance induced by PIs are well 

described,7,8 but a potential relationship between such alterations and lower weight gain is not clear. 

Cytochrome P450 (CYP) enzyme activity is strongly affected by PIs, as shown by the pharmacological 

role of ritonavir as a booster, which acts through the strong inhibition of CYP 3A4. PI-induced CYP 

inhibition and activation are mainly studied through the very large number of pharmacological drug-

to-drug interactions they induce.23 However, CYPs are present in many metabolic pathways that 

could theoretically impair growth when inhibited or activated by a specific drug. Genetic 
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polymorphisms should also be considered in CYP-related drug toxicity. Recently CYP 2C19 

polymorphisms were shown to be associated with valproic acid-induced weight gain.24  A role for 

food intake and energy balance via the role of CYP2C19 on testosterone and progesterone 

metabolism has been suggested. No less than seven adrenal enzymes belong to the cytochrome 

family25 and hormonal disturbances induced by LPV/r have been described in newborns exposed pre- 

and postpartum,26 as well as in pregnant women.27-28 However, the role of adrenal dysfunction in 

LPV/r-dependent alterations in weight gain is yet to be established. A prolonged elevated DHEA level, 

as observed during perinatal PI exposure, would, on the contrary, accelerate height as an androgen, 

which was not the case here. The difference observed between countries (more pronounced effect in 

Burkina Faso and Uganda than in Zambia and South Africa) cannot be explained by differences in per 

capita income or diet, as the trial was randomized. Although an effect on CYP is still speculative, a 

possible role of high CYP genetic diversity in Africa may be responsible.29 This unexpected finding 

raises the question of the potential country-specific effect of feeding habits concurrent with LPV/r 

intake.  

The difference in weight gain under LPV/r observed in our trial is modest and was not associated with 

significant morbidity during the first year of life. However, this finding is indicative of a persistent 

LPV/r-induced nutritional or metabolic impact that could have long-term deleterious effects under 

treatment. This effect deserves attention given the early and lifelong treatment recommendations 

for infected infants. It must be put in perspective with other advantages of the drug, mainly its strong 

genetic barrier to the risk of viral resistance, a point that is particularly important in children. The 

impact of other anti-HIV-1 protease Inhibitors on growth is also yet to be determined, as well as that 

of alternative drugs in the antiretroviral drug armamentarium.30 
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Table 1. Characteristics of mothers and newborns at inclusion  

 

 

 Lopinavir/r  

(n = 630) 

Lamivudine  

(n = 636) 

Mothers 

Age (years) 27.1 (23.8-31.2) 27.0 (22.9-30.9) 

Parity 2.8 (1.5) 2.7 (1.5) 

Gestational age at delivery (weeks) 38.4 (1.7) 38.5 (1.7) 

Pre-delivery CD4 count (cells per µL) 528 (430-667) 531 (437-673) 

Plasma HIV-1 RNA 

- Undetectable 

- Median (log10 copies per mL) 

 

274 (44%)** 

3.4 (2.9-3.9) 

 

276 (45%)* 

3.4 (3.0-3.9) 

WHO clinical HIV-1staging 

- Stage I 

- Stage II 

- Stage III-IV 

- Unknown stage 

 

612 (97%) 

17 (3%) 

0 (0%) 

1 (<1%) 

 

612 (96%)¤ 

22 (4%) 

1 (<1%) 

0 (0%) 

Any PMTCT regimen 

- During pregnancy 

- During labor 

 

607 (96%) 

614 (98%) 

 

612 (96%) 

626 (98%) 

Highest education level completed 

- None 

- Primary 

- Secondary or tertiary 

 

80 (13%) 

234 (37%) 

316 (50%) 

 

85 (13%) 

219 (34%) 

332 (52%) 

Newborns 

Boys 321 (51%) 335 (53%) 

Girls 309 (49%) 301 (47%) 

Birthweight (g) 3000 (2740-3350) 3000 (2800-3325) 

 Data are shown as the mean (SD), median (IQR), or n (%). ¤One Missing value,  

**Nine missing values, * 19 missing values. 
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Table 2.  Length-for-age (LAZ), weight-for-length (WLZ) and weight-for-age (WAZ), and least square 

means (Mean) z-scores at 6, 26, and 50 weeks (Intention-to-treat analysis). 

 

 

 Lopinavir/r  

Mean(95% CI) 

Lamivudine  

Mean (95% CI) 

Difference  

(95% CI) 

P value of the 

difference 

P value of the 

reduction of the  

z-score over the time 

LAZ N=12409*  

6 weeks  -0.88 (-0.96; -0.81) -0.83 (-0.91; -0.76) -0.05 (-0.16; 0.05) 0.35 0.17 

26 weeks  -0.95 (-1.03; -0.87) -0.91 (-0.99; -0.83) -0.04 (-0.15; 0.07) 0.47 

50 weeks -1.04 (-1.15; -0.92) -0.92 (-1.03; 0.81) -0.12 (-0.28; 0.05) 0.14 

WLZ N=12286**  

6 weeks  0.16 (0.08; 0.23) 0.18 (0.10; 0.25) -0.02 (-0.12; 0.09) 0.73 <0.0001 

26 weeks  0.01 (-0.08; 0.10) 0.22 (0.14; 0.31) -0.22 (-0.34; -0.09) 0.0006 

50 weeks -0.90 (-1.05; -0.74) -0.64 (-0.79; -0.50) -0.25 (-0.47; -0.04) 0.02 

WAZ N=12428¤  

6 weeks  -0.53 (-0.60 ;-0.46) -0.47 (-0.54; -0.40) -0.06 (-0.16; 0.04) 0.26 0.002 

26 weeks  -0.70 (-0.79; -0.61) -0.53 (-0.62; -0.44) -0.18 (-0.30; -0.05) 0.01 

50 weeks -1.06 (-1.20; -0.92) -0.81 (-0.95; -0.67) -0.24 (-0.45; -0.05) 0.02 

 Monthly visits completed during the treatment period: *85.4%, **84.5, ¤ 85.5%. 
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Table 3. Weight-for-length z-score (WLZ) least square means (Mean) at 6, 26, and 50 weeks by sex 

(Intention-to-treat analysis). 

 

 

 Lopinavir/r 

Mean(95% CI) 

Lamivudine 

Mean (95% CI) 

Difference (95% CI) P value of the 

difference 

WLZ  

Boys N=6395* 

Girls N=5891** 

6 weeks 

Boys 0.23 (0.12; 0.34) 0.15 (0.05; 0.26) 0.07 (-0.08; 0.23) 0.35 

Girls 0.09 (-0.01; 0.19) 0.20 (0.10; 0.31) -0.12 (-0.26; 0.03) 0.11 

26 weeks 

Boys 0.04 (-0.09; 0.17) 0.16 (0.03; 0.28) -0.11 (-0.29; 0.07) 0.22 

Girls -0.02 (-0.14; 0.09) 0.30 (0.19; 0.42) -0.33 (-0.50; -0.16) <0.0001 

50 weeks 

Boys -0.95 (-1.18; -0.73) -0.74 (-0.96; -0.52) -0.22 (-0.53; 0.09) 0.18 

Girls  -0.83 (-1.04; -0.63) -0.54 (-0.74; -0.34) -0.29 (-0.58; 0.01) 0.05 

 Monthly visits completed during the treatment period: *85.1%, **83.9%. 
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Figure 1. Beta spline regression by arm for WLZ (A) and WAZ (B): red line for the lopinavir/r arm and 

blue line for the lamivudine arm (Intention-to-treat analysis).  
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