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Abstract

Background—Information on antiretroviral therapy (ART) use in HIV-infected children with
severe malnutrition (SM) is lacking. We investigated long-term ART outcomes in this population.

Methods—Children enrolled in the TREAT Asia Pediatric HIV Observational Database who had
SM (weight-for-height or BMI-for-age z-score <—3) at ART initiation were analyzed. Generalized
estimating equations were used to investigate poor weight recovery (weight-for-age z-score <-3)
and poor CD4% recovery (CD4% <25), and competing risk regression was used to analyze
mortality and toxicity-associated treatment modification.

Results—Three hundred fifty five (11.9%) of 2993 children starting ART had SM. Their median
weight-for-age z-score increased from —5.6 at ART initiation to —2.3 after 36 months. Not using
cotrimoxazole prophylaxis at baseline was associated with poor weight recovery (OR 2.49 vs.
using, 95%CI 1.66-3.74, p<0.001). Median CD4% increased from 3.0 at ART initiation to 27.2
after 36 months, and 56 (15.3%) children died during follow-up. More profound SM was

Corresponding author and reprint request: David C Boettiger, MPharm MSc, The Kirby Institute, UNSW Australia, Level 5
Wallace Wurth Building, UNSW Australia, 2052, Australia, Tel: +61 2 9385 0859, dboettiger@kirby.unsw.edu.au.

Conflicts of interest: The authors have no conflicts of interest to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Boettiger et al. Page 2

associated with poor CD4% recovery (OR 1.78 for z-score <—4.5 vs. =3.5 to <-3.0, 95%CI
1.08-2.92, p=0.023) and mortality (HR 2.57 for z-score <—4.5 vs. —3.5 to <-3.0, 95%CI 1.24-5.33,
p=0.011). Twenty two toxicity-associated ART modifications occurred at a rate of 2.4 per 100
patient-years and rates did not differ by malnutrition severity.

Discussion—Cotrimoxazole prophylaxis is important for the recovery of weight-for-age in
severely malnourished children starting ART. The extent of SM does not impede weight-for-age
recovery or antiretroviral tolerability but CD4% response is compromised in children with a very
low weight-for-height/BMI-for-age z-score which may contribute to their high rate of mortality.
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BACKGROUND

The Joint United Nations Children’s Fund — World Health Organization (WHO) — World
Bank Child Malnutrition Database estimates that 14.5% of children in South-East Asia are
malnourished, of whom 5.2% are severely malnourished.! It is also estimated that there are
210,000 HIV-infected persons aged <15 years living in the Asia Pacific area.2 Although food
insecurity is more common in resource-limited parts of the region, the association between
HIV infection and adverse nutritional outcomes has been reported in both resource-rich and
resource-limited settings.3

In children aged 6 to 60 months, severe malnutrition (SM) can be defined as a weight-for-
height z-score <—3 or a mid-upper arm circumference less than 115 mm, and in children
aged 61 months to 14 years, a BMI-for-age z-score <—3.% The optimal management of HIV
in children with SM is not well defined. Expert opinion suggests that SM should be
stabilized and ART initiated as soon as possible following stabilization.3 ° Yet information
on the effectiveness and safety of antiretroviral drugs in this setting is lacking,3 8 7 and HIV-
infected children with SM have a high risk of early mortality after starting ART.3: 8-11

The aims of this study were to describe the prevalence and predictors of SM in HIV-infected
children starting ART in Asia, and to investigate how the extent of SM at ART initiation
impacts treatment response.

METHODS

The study population consisted of HIV-infected patients enrolled in the TREAT Asia
Pediatric HIV Observational Database (TApHOD). This cohort contributes to the
International Epidemiologic Databases to Evaluate AIDS global consortium and has been
described previously.12 Recruitment started in 2008. Up to March 2014, TApHOD included
data from 5511 children that had ever received care from one of 16 pediatric clinics in
Cambodia (n=1), India (n=1), Indonesia (n=2), Malaysia (n=4), Thailand (n=5), or Vietnam
(n=3). These sites are predominantly public or university-based pediatric HIV referral
clinics. A 2010 survey of ten TApHOD sites found that only 30% provide food
supplementation for malnourished patients,13 however, nutritional aid (milk/formula, rice, or
cash) is usually provided to children in need through local governments in the region. The
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same survey also indicated that 90% of sites provide nutritional counselling to patients and
their caregivers, 80% provide micronutrients for patients, and 60% routinely initiate
cotrimoxazole prophylaxis in HIV-exposed infants (unpublished results). TApHOD ethics
approval is obtained at the sites, TREAT Asia/amfAR (coordinating center), and the Kirby
Institute (data management and statistical analysis center). Patient consent is deferred to the
individual participating sites and their institutional review boards. This means that some
TApHOD sites require informed consent and others do not. Children aged 6 months to 14
years that initiated ART (defined as =3 antiretrovirals) on or after January 1, 2003 and had a
height and weight measurement within 3 months of starting ART were included in this
analysis. Those aged <6 months were excluded because this group requires specialized
clinical intervention in the context of SM.14 Baseline was the date of ART initiation. The
database included information up to March 31, 2014.

The window period for baseline CD4% and hemoglobin was within 3 months of ART
initiation. For baseline viral load it was between 6 months before to 1 day after ART
initiation. The measurement taken closest to baseline was used. Children were considered
hepatitis B coinfected if they had any record of a positive hepatitis B surface antigen test,
and hepatitis C coinfected if they had any record of a positive hepatitis C antibody test. Prior
tuberculosis diagnosis was defined as any diagnosis (as determined by the treating clinic) of
tuberculosis prior to or at ART start. Children were considered to be on cotrimoxazole
prophylaxis if they were using cotrimoxazole at ART initiation or if they started within 3
months of initiating ART.

Weight and height measurements were converted into age- and sex-standardized z-scores.
Height-for-age and weight-for-height z-scores for children <61 months were calculated
using the WHO 2006 child growth standards and macros (ages 6 months-5 years).1> Height-
for-age and BMI-for-age z-scores for children =61 months old were calculated using the
WHO 2007 child growth standards and macros (ages 5-19 years).16 Weight-for-age z-scores
were calculated using the WHO child growth standards and macros for 1977.17 The 1977
standards were used because the WHO 2007 weight-for-age standards are only applicable to
children <10 years old,6 and a previous TApHOD analysis found the 1977 and 2007
standards give similar results.18

Children were considered to have SM when their baseline weight-for-height z-score was <
-3 if aged 6 to 60 months or their BMI-for-age z-score was <-3 if aged 61 months to 14
years.# Information on edematous SM diagnoses and mid-upper arm circumference was not
available. In children with SM at baseline, clinical endpoints evaluated whilst on ART were:
poor weight recovery (weight-for-age z-score <—3); severe anemia (hemoglobin <7.5g/dl);
poor CD4% recovery (CD4% <25); toxicity-associated treatment modification (a change of
initial ART associated with an adverse event); loss-to-follow-up (not seen at clinic for >12
months with no documentation of transfer); and death. Weight-for-age was preferred over
weight-for-height/BMI-for-age as the measurement of weight recovery so as to avoid follow-
up measurements being comprised of weight-for-height for some patients, BMI-for-age for
others, and a mixture of both for the remainder.
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Statistical analysis

RESULTS

Logistic regression conditional upon country was used to evaluate predictors of SM at ART
initiation. Longitudinal analyses were performed in children with SM at baseline on an
intention-to-treat basis. Proportions of children with poor weight recovery, anemia, and poor
CD4% recovery were evaluated at 6£3-month intervals up to 3 years of follow-up. If, for any
given time interval, multiple values were recorded for a patient, the value closest to the 6-
monthly time point was used. Generalized estimating equations adjusted for time on ART
and country were used to investigate predictors of poor weight recovery and poor CD4%
recovery. Kaplan-Meier curves and competing risk regression adjusted for country were used
to analyze predictors of toxicity-associated treatment modification, loss-to-follow-up, and
mortality. Time-to-toxicity-associated treatment modification was censored at the last clinic
visit and competing events were ART modification unrelated to an adverse event, loss-to-
follow-up and death. Time-to-loss-to-follow-up was censored at the last clinic visit and
death was a competing event. Time-to-mortality was censored at the last clinic visit and loss-
to-follow-up was a competing event. Follow-up in all time-to-event analyses was left-
censored. Predictors were considered for the multivariate model if one or more categories
exhibited a univariate p-value <0.15 and retained in the multivariate model if one or more
categories exhibited an adjusted p-value <0.05. Patients with missing data were included in
all analysis, but hazard and odds ratios for missing categories are not reported.

Stata software version 13.1 was used for all statistical analysis.

Severe malnutrition at antiretroviral therapy initiation

Of 4105 children that started ART aged 6 months to 14 years, 2993 (72.9%) had baseline
height and weight data available. Three hundred fifty five of these (11.9%) met our
definition of SM. The prevalences of SM at treatment initiation were 13.5% between
2003-2006, 12.1% between 2007-10, and 8.2% between 2011-14. Cotrimoxazole
prophylaxis was being used at ART initiation by 63.0% of children between 2003-06, 64.8%
between 2007-2010, and 65.4% between 2011-13. See Table 1, which describes the baseline
characteristics for children starting ART and those with SM at ART initiation.

Age 6 to 12 months (odds ratio [OR] 4.23 vs. age 13 to 60 months, 95% confidence interval
[95%CI1] 2.58-6.93, p<0.001), age 11 to 14 years (OR 1.70 vs. age 13 to 60 months, 95%CI
1.16-2.50, p=0.006), CD4% <5 (OR 4.86 vs. CD4% >15, 95%CI 3.26-7.25, p<0.001), prior
tuberculosis diagnosis (OR 1.71 vs. no prior diagnosis, 95%CI 1.29-2.27, p<0.001), and
male sex (OR 1.39 vs. female, 95%CI 1.10-1.77, p=0.006) were associated with
significantly higher odds of SM at ART initiation. Later year of ART initiation (OR 0.55 for
2011-2014 vs. 2003-2006, 95%CI 0.36-0.84, p=0.005) was associated with lower odds of
SM at ART initiation.
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Long-term treatment outcomes in children with severe malnutrition

Total follow-up time on ART in children with SM at baseline was 1707.1 years. Median
follow-up duration was 5.0 years. Total and median follow-up time on the first ART regimen
was 929.1 and 1.8 years, respectively.

Weight recovery—OQOverall median weight-for-age z-score increased on ART from —5.6 at
baseline to —3.4 after 6 months, —2.8 after 12 months, —2.4 after 24 months, and —2.3 after
36 months. Median weight-for-age z-score over time, stratified by baseline weight-for-
height/BMI-for-age category, is shown in Figure 1a. Table 2 shows that age 61 months to 14
years (OR 2.44 vs. age 6 to 60 months, 95%Cl 1.61-3.70, p<0.001), not using cotrimoxazole
prophylaxis (OR 2.49 vs. using cotrimoxazole prophylaxis, 95%CI 1.66-3.74, p<0.001), and
any prior tuberculosis diagnosis (OR 1.56 vs. no prior diagnosis, 95%CI 1.05-2.33, p=0.029)
were significantly predictive of a follow-up weight-for-age z-score <—3. When baseline
weight-for-height/BMI-for-age was added to the final model, no association or trend was
seen.

Severe anaemia—At ART start, 82.8% of children had a haemoglobin level above that
defined as severely anaemic. Amongst children with a weight-for-height/BMI-for-age z-
score —3.5 to <-3.0, —4.5 to <-3.5, and <—4.5 the baseline proportions free of severe
anaemia were 88.1%, 83.6%, and 74.7%, respectively. After 6 months of ART, the overall
proportion increased to 99.5% and remained above 98% up to, and including, month 36 of
ART (Figure 1b).

CD4% recovery—Overall median CD4% increased on ART from 3.0 at baseline to 12.0
after 6 months, 20.0 after 12 months, 25.0 after 24 months, and 27.2 after 36 months.
Median CD4% over time, stratified by baseline weight-for-height/BMI-for-age category, is
shown in Figure 1c. The final model for poor CD4% recovery included age (OR 2.93 for 61
months to 14 years vs. 6 to 60 months, 95%CI 1.85-4.65, p<0.001), sex (OR 1.55 for male
vs. female, 95%CI 1.07-2.25, p=0.020), baseline weight-for-height/BMI-for-age z-score
(OR 1.78 for <-4.5 vs. =3.5t0 <-3.0, 95%CI 1.08-2.92, p=0.023), and baseline CD4% (OR
2.91 for <5 vs. =25, 95%CI 1.92-4.42, p<0.001) (Table 3).

Toxicity-associated treatment modification—There were 152 treatment
modifications (due to any cause) to initial ART which occurred at a rate of 16.4 (95%ClI
14.0-19.2) events per 100 patient-years. High rates of treatment modification were evident in
children initiating ART with stavudine (20.6 [95%CI 17.2-24.6] events per 100 patient-
years) and in those with a baseline CD4% =5 (18.3 [95%Cl 14.3-23.5] events per 100
patient-years). Twenty two modifications were associated with toxicity (2.4 events per 100
patient-years, 95%CI 1.6-3.6). The median time to toxicity-associated treatment
modification was 10.6 (IQR 2.3-22.5) months and the most commonly reported toxicities
were anemia (n=7) and lipodystrophy/d4T-related toxicity (n=6). Having grandparents as the
primary care provider was the only significant predictor of toxicity-associated treatment
modification (hazard ratio [HR] 3.98 vs. parents, 95%Cl 1.51-10.48, p=0.005). Rates of
toxicity-associated modification in children with baseline weight-for-height/BMI-for-age z-
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score —3.5 to <-3.0, —4.5 to <-3.5, and <-4.5 were 2.8 (95%CI 1.5-5.3), 1.4 (95%CI
0.6-3.3), and 3.4 (95%CI 1.6-7.1) events per 100 patient-years, respectively.

Loss-to-follow-up—Loss-to-follow-up occurred in 63 children at an overall rate of 3.7
(95%CI 2.9-4.7) events per 100 patient-years. We did not identify any significant predictors
of loss-to-follow-up. In those with baseline weight-for-height/BMI-for-age z-score —3.5 to <
-3.0, —4.5 to <-3.5, and <—-4.5 rates were 3.6 (95%Cl 2.4-5.4), 4.0 (95%Cl 2.6-5.9), and 3.5
(95%CI 2.1-5.7) events per 100 patient-years, respectively.

Survival—Fifty six deaths (15.8% of children with SM) occurred during follow-up.

Median time to death was 3.0 months. Figure 1d shows that, whilst the rate of mortality after
36 months of ART was greatest for children with a weight-for-height/BMI-for-age z-score <
-4.5, there was a delay in the onset of this heightened risk. In a model adjusted for baseline
CD4%, lower baseline weight-for-height/BMI-for-age z-score (HR 2.57 for <-4.5 vs. =3.5
to <-3.0, 95%CI 1.24-5.33, p=0.011) significantly predicted mortality (Table 4).

DISCUSSION

HIV-infection is associated with altered glucose and lipid metabolism, raised basal
metabolic rate (especially when an opportunistic infection is present), multiple micronutrient
deficiencies, high rates of diarrhea and malabsorption, and frequent coinfections.1® This may
explain why SM prevalence in children starting ART (11.9%) far exceeded that currently
estimated for the general pediatric population of South-East Asia (5.2%).1 It may also be
why children with greater exposure to the damaging effects of HIV, indicated by a lower
CD4% and older age (almost all children in TApHOD were vertically infected), and those
with a prior diagnosis of tuberculosis, had a high probability of starting ART with SM.
Children aged 6 to 12 months were probably more likely to be severely malnourished
because of the tendency for perinatal infection to progress rapidly in early infancy 20 and the
high rate of malnutrition that occurs in the first 1-2 years of life.21 Why males presented for
ART with SM more frequently than females is uncertain but suggests boys may be more
sensitive to the nutritional depletion induced by HIV, are more often subject to suboptimal
pre-ART care, or are more likely to survive to ART initiation when malnourished.
Encouragingly, SM prevalence at ART initiation declined with time which suggests rates of
early HIV testing and the quality of nutritional support may be improving in Asia for
children with signs of malnourishment.

Children with SM showed very good recovery of important nutritional status surrogates
(weight-for-age, hemoglobin) after starting ART, consistent with earlier work from South
Africa that found weight-for-age z-scores normalize in moderate and severely underweight,
HIV-infected children using ART for 24 months.® Those of older age, not using
cotrimoxazole prophylaxis, and with a prior tuberculosis diagnosis were less likely to
recover weight-for-age. In both males and females, growth rate slows beyond 24 months of
age.22 23 Also, children infected for many years are most likely to have been exposed to
chronic inflammation and coinfection which might impair weight recovery. Tuberculosis
coinfected children are more likely to struggle acquiring sufficient nutrition compared with
HIV mono-infected children, even with adequate support, as their energy requirements can
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be as much as 20-30% greater during tuberculosis infection and recovery.# This may also be
compounded by the capacity for tuberculosis to impair appetite.* To the best of our
knowledge, this is the first study to indicate that cotrimoxazole prophylaxis may enhance
weight recovery in malnourished children using ART. This is an important addition to the
work by Prendergast et a/(2011) which found cotrimoxazole prophylaxis slows the decline
in weight- and height-for-age of HIV-infected children not using ART 24, and more recent
studies which report on the growth promoting effects of antibiotics in malnourished
children.25 26 The mechanisms by which cotrimoxazole and other antibiotics affect weight
are unclear but may include the treatment and prevention of infection, reduction of
inflammatory responses resulting in less nutrient diversion and less cytokine-mediated
impairment of growth, reduction in enteropathy, and alterations in gut flora.2’

Naidoo et a/ (2010)° reported that, amongst HIV-infected children using ART for 24 months,
mean CD4% increased from 10.53 to 27.52 in those of normal baseline weight, from 9.98 to
29.30 in those with a baseline weight-for-age z-score —3 to <-2, and from 5.69 to 27.10 in
those with a baseline weight-for-age z-score <—3. These results led the authors to conclude
that malnutrition does not adversely affect immunological response to pediatric HIV
treatment. However, after adjustment for baseline CD4%, age, and gender (well established
predictors of CD4 response in children with normal nutritional status 28-39), we found more
pronounced SM was significantly associated with a follow-up CD4% <25. The mechanism
by which very severe malnutrition impairs CD4 response to ART requires further
investigation although current literature suggests it would most likely be due to a higher risk
of coinfection in this subgroup rather than a direct effect of malnutrition.3!

Recent estimates on the risk of death for HIV-uninfected children with SM undergoing
renutrition range from 10.4 — 14.2%.32: 33 |n comparison, we found the risk of mortality was
15.8% for HIV-infected, severely malnourished children receiving ART and an earlier study
reported a risk of 14.3% in severely underweight children receiving HIV treatment.® The
proximity of these figures suggests that malnutrition is the key driver of mortality in severely
malnourished children with appropriately managed HIV. Indeed, this is supported by our
finding that severely malnourished children with the lowest weight-for-height/BMI-for-age
had the greatest risk of death.

Malnutrition leading to poor CD4% recovery may explain the high risk of death we
observed amongst the most severely malnourished children starting ART. Importantly, it
could not be explained by a lower rate of ART toxicity or loss-to-follow-up amongst those
with a higher weight-for-height/BMI-for-age z-score. Others have reported that HIV-infected
children with SM are at risk of developing an immune reconstitution-like reaction
characterized by edematous malnutrition and associated with a high risk of hospitalization
and death.34-36 Future studies should investigate whether such reactions are more common,
more severe, or occur more rapidly in children with the most profound SM.

There were several limitations to this study. As an observational analysis the selection of
patients was not random and meant that we had to adjust for confounding factors using
statistical methods. Further, the estimated effect sizes for associations involving tuberculosis
must be interpreted with caution given the well-known difficulty of diagnosing pediatric
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tuberculosis and our inability to clearly distinguish active tuberculosis from the data
available. Information on mid-upper arm circumference and the presence of edema would
have allowed us to expand our definition for SM and to investigate subgroups of severely
malnourished children. Patient level data on nutritional supplementation and support was not
available, although, a large proportion of TApHOD sites provide nutritional counselling and
micronutrients, and most malnourished children in this analysis would have received either
dietary supplementation from their clinic or food aid through their local government.
Unfortunately, data on viral load, ART adherence, and ART dosing data was insufficient to
include in our statistical analyses.

Cotrimoxazole prophylaxis enhances the recovery of weight-for-age in severely
malnourished children starting ART. The extent of SM at ART initiation does not impede
weight-for-age recovery or antiretroviral tolerability but CD4% recovery is impaired in
children with a very low weight-for-height/BMI-for-age which may contribute to their high
rate of mortality. These results highlight the importance of early SM and HIV diagnosis, and
the role of cotrimoxazole in SM recovery.
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Figure 1. Treatment response in children with severe malnutrition at treatment initiation
Values in parentheses represent number of test results available in a)-c), and overall number

of children at risk in d). Abbreviations: ART=antiretroviral therapy; WFH/BFA=weight-for-
height/BMI-for-age z-score.
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Baseline characteristics

Table 1

All children starting ART

Children with SM starting

Weight-for-height or BMI-for-age z-
score, median (IQR)

Weight-for-age z-score, median (IQR)
Height-for-age z-score, median (1QR)
CD4%, median (IQR)

Missing

Viral copies'mL, median (IQR)
Missing

Hemoglobin in g/dl, median (IQR)
Missing

HBsAg positive, n(%tested)

Hepatitis C antibody positive,
n(%tested)

Prior tuberculosis diagnosis
Cotrimoxazole prophylaxis
Initial ART regimen

AZT or ABC + 3TC/FTC + NNRTI
d4T + 3TC/FTC + NNRTI
Pl-based

Other”

Year of ART initiation
2003 to 2006

2007 to 2010

2011 to 2014
Orphan status
Both parents alive
Single parent alive
Neither parent alive
Unknown

Primary care giver
Parent

Grandparent

Relative

Pediatr Infect Dis J. Author manuscript; available in PMC 2017 May 01.

-1.0 (-2.0t0 -0.1)

-2.6(-3.91t0-1.3)
-2.4 (-3.4t0 -1.5)
9(3-16)

283 (9.5)
186,867 (75,000 - 533,505)
2110 (70.5)
10.5 (9.4 - 11.6)
433 (14.5)
96 (4.6)

36 (3.0)

504 (16.8)
1923 (64.3)

1228 (41.0)
1577 (52.7)
118 (3.9)
70 (2.3)

1095 (36.6)
1323 (44.2)
575 (19.2)

911 (30.4)
661 (22.1)
682 (22.8)
739 (24.7)

1297 (43.3)
386 (12.9)
316 (10.6)

(n=2993) ART (n=355)
Agein years, median (IQR) 5.7 (3.2-8.6) 6.7 (3.0-9.6)
Male 1502 (50.2) 206 (58.0)
WHO category
lor2 1502 (50.2) 61 (17.2)
3 986 (32.9) 152 (42.8)
4 505 (16.9) 142 (40.0)

-3.8 (-4.5t0 -3.3)

-5.6 (-7.1t0 -4.4)
-3.1 (-390 -2.1)
3(1-10)

47 (13.2)

281,767 (114,00 - 750,000)
257 (72.4)
9.6(8.2-10.7)

53 (14.9)

8(3.7)

1(0.7)

107 (30.1)
266 (74.9)

111 (31.3)
222 (62.5)
113.1)
11(3.1)

148 (41.7)
160 (45.1)
47 (13.2)

107 (30.1)
76 (21.4)
69 (19.4)
103 (29.0)

151 (42.5)
40 (11.3)
30 (8.5)
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All children starting ART | Children with SM starting
(n=2993) ART (n=355)
Foster care 43 (1.4) 2(0.6)
Unknown 951 (31.8) 132 (37.2)

Values are n(%total) unless otherwise specified.

Abbreviations: ART=antiretroviral therapy; SM=severe malnutrition; IQR=interquartile range; WHO=World Health Organization;

Page 13

HBsAg=hepatitis B surface antigen; AZT=zidovudine; ABC=abacavir; 3TC/FTC=lamivudine/emtricitabine; NNRTI=non-nucleoside reverse

transcriptase inhibitor; d4T=stavudine; Pl=protease inhibitor.

N
Other combinations mainly comprised of less commonly used NNRTI-based regimens or triple nucleoside reverse transcriptase inhibitor

regimens.
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Table 2

Page 14

Generalized estimating equation models showing baseline predictors of poor weight recovery (weight-for-age
z-score <—3) in children initiating antiretroviral therapy with severe malnutrition

Number of  Univariate OR p Multivariate OR p
patients (95%Cl) P overall (95%Cl) P overal
Age
6 to 60 months 134 1.00 1.00
61 months to 14 years 221 2.44(1.62-3.69) <0.001 244 (1.61-3.70) <0.001
Weight-for-height or
BM I -for-age z-score *
-3.5t0<-3.0 120 1.00 1.00
-4.5t0<-3.5 145 1.02 (0.69 - 1.51)  0.936 1.09 (0.73-1.63)  0.665
<-4.5 90 0.80(0.51-1.26) 0.341 351~ 097(0.61-153) 0885 (gp1~
Prior tuberculosis
diagnosis
No 248 1.00 1.00
Yes 107 1.65(1.11-2.45) 0.013 156 (1.05-2.33) 0.029
Cotrimoxazole
prophylaxis
Yes 266 1.00 1.00
No 89 2.42 (1.62-3.60) <0.001 2.49(1.66-3.74) <0.001

Abbreviations: OR=0dds ratio; 95%CI=95% confidence interval.

*
Multivariate OR adjusted for variables included in the final model (age, prior tuberculosis, cotrimoxazole prophylaxis).

“Overall p for trend;

Pediatr Infect Dis J. Author manuscript; available in PMC 2017 May 01.
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Table 3

Page 15

Generalized estimating equation models showing baseline predictors of poor CD4% recovery (CD4% <25) in
children initiating antiretroviral therapy with severe malnutrition

Number Univariate OR p Multivariate OR p
of patients (95%Cl) P overall (95%Cl) P overall
Age
6 to 60 months 128 1.00 1.00
61 months to 14 years 212 3.15(2.01-4.92) <0.001 293(1.85-4.65) <0.001
Sex
Female 141 1.00 1.00
Male 199 1.53(1.06-2.21) 0.022 155(1.07-225) 0.020
Weight-for-height or
BM I -for-age z-score
-3.5t0<-3.0 117 1.00 1.00
-45t0<-35 138 1.22(0.80-1.87) 0.350 1.16 (0.76-1.79)  0.490
<45 85 156 (0.96-2.52) 0074 qgo74~ L178(108-292) 0023 o8~
CD4%
25 128 1.00 1.00
<5 180 3.71(2.48-5.57) <0.001 291(1.92-442) <0.001
Unknown 32 - -

Abbreviations: OR=odds ratio; 95%C1=95% confidence interval.

~Overall p for trend;

Pediatr Infect Dis J. Author manuscript; available in PMC 2017 May 01.
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