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Introduction

Malnutrition contributes to 45% of deaths in children 
younger than 5 years.1 In many African countries, the 
prevalence of stunting in children, a measure of chronic 
linear growth retardation,2 remains >30% and impacts 
149 million children worldwide.1,3-5 This chronic nutri-
tional marker differs from other acute measures of  
malnutrition, such as underweight and wasting, which 
impacts more than 85 and 49 million children worldwide, 
respectively.1,6 Stunting, underweight, and wasting are 
associated with increased mortality and consequences on 
cognitive development and brain functional connectivity in 
early childhood, an essential time period for establishing 
growth and development trajectories for a lifetime.5,7-10

Children born to women living with HIV (WLHIV) 
have higher rates of malnutrition compared to children 
born to HIV-uninfected mothers, even when the children 
themselves are uninfected.4,11 The etiology of this trend 
has not been clearly identified, however, it is likely 
multifactorial, including viral loads, prenatal drug 
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Abstract
This retrospective study investigated growth outcomes of Kenyan children born to women living with HIV, comparing 
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Of 15 027 total children in the study population, 3.5% (n = 520) were orphaned maternally, 8.1% (n = 1222) were 
orphaned paternally, and 2.2% (n = 336) were orphaned totally. Children who were orphans had higher rates of 
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exposure, familial stress, and parental illness limiting 
the care of children.12,13 Parental HIV increases the like-
lihood of orphanhood in young children, which makes 
them particularly vulnerable to malnutrition.14,15 The 
HIV pandemic has resulted in over 17 million children 
who are orphaned, with 15 million living in sub-Saharan 
Africa.16,17 Although orphaned children born to WLHIV 
are at higher risk for poor health outcomes and increased 
mortality, it remains unclear if the mechanism by which 
a child is orphaned (ie, maternally, paternally, or totally) 
disparately alters the risk for this population. Children 
orphaned maternally experience stigma and discrimina-
tion, while children orphaned paternally experience 
heightened poverty.18

Current literature reports mixed findings regarding 
the factors associated with malnutrition in children who 
are orphaned, including age, gender, family size, and 
living context (village/orphanage).19-22 The unique 
maternal and paternal roles in a child’s development 
may lead to different risks of impaired growth in chil-
dren who are orphaned maternally or paternally.15 
Comparing children who are orphaned differently may 
provide further insight toward identifying populations at 
risk for poor growth and health outcomes within the vul-
nerable population of children born to WLHIV. The 
objective of this study was to evaluate the growth of 
young children who are born to WLHIV in western 
Kenya, comparing children who are non-orphaned and 
orphaned (maternally, paternally, or totally).

Methods

Study Design and Setting

This is a secondary analysis of data collected pro
spectively during routine clinical care and stored in the 
Academic Model Providing Access to Healthcare 
(AMPATH) electronic medical record system.23 The 
primary study for which these data variables were 
derived has been published elsewhere.11 Data were 
pulled for all children enrolled in the AMPATH HIV 
clinical care system. AMPATH was born from a 20-year 
partnership between Moi University School of Medicine 
(MUSM), Moi Teaching and Referral Hospital, and a 
consortium of North American universities, led by 
Indiana University School of Medicine (IUSM). The 
AMPATH HIV care program has enrolled over 200 000 
patients and currently provides care for approximately 
15 000 children born to WLHIV in 65 clinics across 
western Kenya.24

Study Participants

Participants were eligible if they were seen in an 
AMPATH clinic between January 2011 and August 2016 

and were <4 years of age. All children exposed to HIV 
but with negative confirmatory testing between 18 and 
24 months of life are referred to as being HIV-exposed. 
Children who were HIV-exposed were eligible to receive 
free follow-up care with well-child visits in the AMPATH 
system. No children unexposed to HIV are included in 
this cohort.

During the period of data collection, pregnant 
WLHIV were on an antiretroviral (ARV) regimen of 
tenofovir, lamivudine, and efavirenz (Option B+). 
Infants attending AMPATH clinics received nevirapine 
prophylaxis from birth to 6 weeks and co-trimoxazole 
from 6 weeks of life until confirmatory testing at 
18 months of age.25 If a child was diagnosed with  
HIV, they were switched to a regimen of zidovudine/
lamivudine/nevirapine or abacavir/lamivudine/nevirap-
ine as first-line treatment. In late 2013, the first-line regi-
men for children was changed to abacavir/lamivudine/
lopinavir/ritonavir in accordance with changes in the 
World Health Organizations (WHO) guidelines.26 Per 
AMPATH standard operating procedures, all children 
included in this study from 2010 to 2015 were recom-
mended to attend monthly follow-up visits until 5 years 
of age.27 In 2016, the national policy guided a change to 
monthly visits until 18 months, followed by biannual 
visits until 5 years of age.25

Data Collection

Data collection for the original study used variables 
from clinic visit forms completed by a clinician and 
entered into the electronic medical record system. These 
variables included age at enrollment, sex, clinic loca-
tion/type, person accompanying child, orphan status, 
visit height/weights, feeding method, maternal or child 
ARV, HIV-infected sibling, and final HIV testing result. 
Patient identifiers were removed during data extraction. 
All analyzed data were handled and transferred using 
password protected, encrypted methodologies compli-
ant with the United States’ Health Insurance Portability 
and Accountability Act standards.

For this study, we calculated anthropometric 
z-scores using the modeling defined by the WHO.28 
Z-scores are helpful for grouping growth data by age 
and sex, due to their expression of standard deviations 
that are below or above the reference mean or median 
values.29 To characterize malnutrition, 3 variables from 
WHO’s definition of “moderate-severe malnutrition” 
were evaluated: stunting, wasting, and underweight. In 
these analyses, “stunting” refers to height-for-age 
(HAZ) z-scores ≤ −2. “Wasting” refers to weight-for-
height (WHZ) z-scores ≤ −2. “Underweight” refers to 
weight-for-age (WAZ) z-scores ≤ −2. Malnutrition is 
defined as HAZ ≤ −2 or WAZ ≤ −2 or WHZ ≤ −2. In 
this study, undernutrition refers to z-scores < 0.
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Statistical Analysis

We conducted a due-diligence examination of the height 
and weight growth data to minimize errors and data 
irregularity. This included restricting the weight change 
to no more than ±3 kg/month and the height change to 
no more than 10 cm per month. We excluded height 
measures that were shorter than previously recorded and 
z-scores (WAZ, HAZ, WHZ) that changed more than 
±2 units/month upon review of WHO growth charts and 
the current dataset by use of clinical judgment.

Participant characteristics at study entry were evalu-
ated descriptively and summarized in a tabular form for 
the full and sub-samples defined by the orphan groups. 
Frequencies and percentages were calculated for cate-
gorical variables. Means and standard deviations were 
calculated for continuous variables. Comparisons 
between children orphaned maternally, paternally, 
totally, and children who are non-orphaned were ana-
lyzed using Chi-squared tests, while comparisons of 
means between the 2 groups were analyzed using inde-
pendent t-tests. Frequency of malnutrition across orphan 
groups at different ages was analyzed using cross tabu-
lation statistical analyses. Post-hoc pairwise compari-
sons with Pearson Chi-squared tests detected significant 
differences in malnutrition frequencies. To compare 
anthropometrics across groups, an analysis of covari-
ance (ANCOVA) model with random effect was imple-
mented. The covariate factors included gender, HIV 
status, and clinic type, as these factors were associated 
with an increased risk of malnutrition in the primary 
analysis of these data. The random effect accounted for 
repeat clinic visits by the same child. Post-hoc pairwise 
comparisons with Sidak adjustments detected differ-
ences in anthropometrics between orphan groups. A 
multiple variable logistic regression model was used to 
assess factors associated with stunting, underweight, 
and wasting. Estimated adjusted odds ratios and related 
confidence intervals were reported. All analyses were 
implemented in SPSS 25 and R. Alpha was set at .05.

Ethics

This study was approved by the IUSM Institutional 
Review Board and the MUSM Institutional Research 
and Ethics Committee. The requirement for informed 
consent was waived by both ethical governing bodies.

Results

Participant Characteristics

During the time period of interest, 15 027 children met 
the inclusion criteria, with 144 541 clinic visits included 

among them. Children without recorded anthropometric 
data (n = 89) were removed from the dataset (Figure 1).

In this cohort, 51.6% (n = 7766) of children were 
female, 85.5% (n = 12 847) were HIV-exposed, and the 
remaining 14.5% (n = 2180) were living with HIV. 
Between clinic visits, the number of children in each 
orphan group increased. At the first visit for each child, 
1.2% (n = 190) were orphaned maternally, 3.0% (n = 456) 
were orphaned paternally, and 0.4% (n = 61) were 
orphaned totally. By the last visit for each child, 3.5% 
(n = 520) were orphaned maternally, 8.1% (n = 1222) 
were orphaned paternally, and 2.2% (n = 336) were 
orphaned totally (Figure 2).

A higher proportion of children who were orphaned 
totally were also living with HIV (42.6%) compared to 
other groups. Children who were orphaned maternally 
or totally were first enrolled at clinic significantly later 
(0.8 ± 1.1 and 0.93 ± 1.1 years respectively) than chil-
dren orphaned paternally (0.54 ± 0.9 years) or non-
orphaned (0.36 ± 0.7 years) (Table 1).

Anthropometrics

Orphan status had a significant negative effect on the 
children’s nutritional status, while accounting for gen-
der, HIV status, and clinic type. All anthropometric 
parameters were significantly lower in orphan groups 
when compared to the non-orphan group (P < .001), 
with the exception of wasting among children orphaned 
maternally (Table 2). Children orphaned maternally and 
totally generally had higher rates of malnutrition when 
compared to children orphaned paternally or non-
orphaned (Table 3). Children who were non-orphaned 
had the lowest rates of malnutrition at every visit, 
except for children orphaned paternally at the 18-month 
visit (Figure 3).

Age of Enrollment to Clinic

Among those first presenting to clinic before the age of 
1 year, malnutrition rates were higher in children who 
were orphaned compared to children who were non-
orphaned (P < .0001). Of these children, less than 16% 
across all orphan groups were living with HIV. Children 
who first presented to the clinic after 1 year of age showed 
no significant differences in rates of malnutrition 
(P = .776); however, there were statistically significant 
differences in the proportion of children who were living 
with HIV across the orphan groups (P < .0001), ranging 
from 66% to 91%. The mean age of enrollment among 
children who were malnourished was 1.53 ± 1.30 years 
for children orphaned maternally, 0.90 ± 1.06 years for 
children orphaned paternally, 1.55 ± 1.31 years for 
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children orphaned totally, and 0.37 ± 0.71 years for chil-
dren who were non-orphaned.

Factors Associated with Malnutrition

Children who were paternally orphaned or non-orphaned 
had higher odds of malnutrition when living in a rural 

setting compared to those living in an urban setting. 
Whereas most orphan groups (except those who were 
maternally orphaned) had lower odds of stunting when 
attending the county or rural health clinics, non-orphans 
experienced higher odds of being underweight or wast-
ing when attending a county or rural health clinic com-
pared to the referral clinics. Across all orphan groups, 
females were more likely to be underweight. Children 
living with HIV were less likely to be underweight 
across all orphan groups when compared to those unin-
fected with HIV (Table 4).

Discussion

This study aimed to evaluate the impact of orphan status 
on malnutrition, differentiating children orphaned 
maternally, paternally, totally, and non-orphaned. We 
found that anthropometric z-scores were significantly 
lower in children who were orphaned compared to chil-
dren who were non-orphaned, supporting our hypothesis 
that orphan status impacts malnutrition. Generally, 

Total number of unique clinic visits of children between the ages of 0-5
years seen between January 2011 and August 2016 who were born to

HIV-infected mothers (N = 169495)

Children between the ages of 0-4 (N =15116)

Number of unique clinic visits in target age range (N = 162369)

Included: children ages  4

Excluded: children ages > 4

Children with valid anthropometric measurements in target age range
(N =15027)

Number of unique valid clinic visits in target age range (N = 144541)

Excluded: absent anthropometric measurements

 Number of children excluded (n = 89)

Figure 1.  Flow diagram of study population selection.

Figure 2.  Orphan groups.



Jansen et al	 5

Table 1.  Basic Study Participant Characteristics.

Total: N = 15 027
Maternal orphans: 

n = 520
Paternal orphans: 

n = 1222
Total orphans: 

n = 336
Non-orphans: 

n = 12 949

P-value  n/total (%) n/total (%) n/total (%) n/total (%) n/total (%)

Gender  
Female 7766 (51.7) 289 (55.6) 616 (50.4) 179 (53.3) 6682 (51.6) .228
HIV status  
HIV infected 2180 (14.5) 178 (34.2) 255 (20.9) 143 (42.6) 1604 (12.4) .000
HIV exposed 12 847 (85.5) 342 (65.8) 967 (79.1) 193 (57.4) 11 345 (87.6)  
Mean at age at 
enrollment (SD) in years

0.40 (±0.8) 0.80 (±1.1) 0.54 (±0.9) 0.93 (±1.1) 0.36 (±0.7) .000

Clinic location  
County/sub-county level 6732 (44.8) 223 (42.9) 447 (39.0) 113 (33.6) 5919 (45.7) .000
Referral hospital 2441 (16.2) 60 (11.5) 237 (19.4) 40 (11.9) 2104 (16.2)  
Rural health clinic 5541 (36.9) 221 (42.5) 479 (39.2) 173 (51.5) 4668 (36.0)  

P-values were calculated using Chi-square testing.
Abbreviation: SD, standard deviation.

Table 2.  Anthropometrics Across Orphan Groups.

Maternal orphans Paternal orphans Total orphans Non-orphans
Mixed model random 

effect P-value

WAZ –1.097 ± 0.024a –1.060 ± 0.016a,d –1.138 ± 0.029a,c –0.841 ± 0.008b,c,d .000
HAZ –1.917 ± 0.036a,c –1.713 ± 0.024a,b –1.817 ± 0.045a –1.552 ± 0.012b,c,d .000
WHZ 0.066 ±0.037c,d –0.061 ± 0.025a,b –0.095 ± 0.046a,b 0.145 ±0.013c,d .000

Data displayed as mean ± standard error—displayed means are estimated marginal means within the model, accounting for repeated measures.
aP < .05, post-hoc pairwise test with Sidak adjustment, compared to non-orphans group.
bP < .05, post-hoc pairwise test with Sidak adjustment, compared to maternal orphans group.
cP < .05, post-hoc pairwise test with Sidak adjustment, compared to paternal orphans group.
dP < .05, post-hoc pairwise test with Sidak adjustment, compared to total orphans group.

Table 3.  Proportion of Malnourished Children at First and Last Clinic Visits, and Ages of Enrollment (in years).

Maternal orphans Paternal orphans Total orphans Non-orphans
Chi square 

P-value
ANOVA 
P-value

First visit*  
n (%) 122 (64.2%) 232 (50.9%) 37 (60.7%) 6019 (42.0%) .000 -
  Mean age ± SD 1.53 ± 1.30a,c 0.90 ± 1.06a,b,d 1.55 ± 1.31a,c 0.37 ± 0.71b,c,d - .000
  Median age 1.25 0.47 1.24 0.10  
Last visit** 241 (46.3%) 521 (42.6%) 155 (46.1%) 5061 (39.1%) .000 -
  Mean age ± SD 2.21 ± 1.17a,d 2.18 ± 1.07a,d 2.66 ± 1.07a,b,c 1.64 ± 1.01b,c,d - .000
  Median age 1.97 1.95 2.66 1.54  
Proportion of children who first attended clinic <1 year of age (n = 13 129)
  HIV-infected 14 (15.6%) 30 (9.6%) 3 (11.1%) 836 (6.6%) .001  
  Malnourished 59 (65.6%) 138 (44.4%) 16 (59.3%) 5036 (39.7%) .000  
Proportion of children who first attended clinic ≥1 year of age (n = 1898)
  HIV-infected 91 (91%) 107 (73.8%) 26 (76.5%) 1073 (66.3%) .000  
  Malnourished 63 (63.0%) 94 (64.8%) 21 (61.8%) 983 (60.7%) .776  

*First visit indicates that the first visit for each child was set as primary and the remaining visits were not included in the data report.
**Last visit indicates that the last visit for each child was set as primary and remaining visits were not included in the data report.
aP < .05, post-hoc pairwise test with Sidak adjustment, compared to non-orphans group.
bP < .05, post-hoc pairwise test with Sidak adjustment, compared to maternal orphans group.
cP < .05, post-hoc pairwise test with Sidak adjustment, compared to paternal orphans group.
dP < .05, post-hoc pairwise test with Sidak adjustment, compared to total orphans group.
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children who were orphaned maternally and totally had 
lower anthropometric z-scores and larger proportions of 
malnutrition compared to children who were orphaned 
paternally and non-orphaned. These children were also 
enrolled at clinic significantly later and were more likely 
to live with HIV. Stunting was the most significantly 
impacted marker of malnutrition. In our cohort, being 
female increased the risk of malnutrition across both 
orphaned and non-orphaned groups.

Compounding risk factors of malnutrition, including 
HIV exposure and orphan status, may further compro-
mise health outcomes in children. All children within 
this study were born to WLHIV, which is associated 
with lower growth anthropometrics.30 Children born to 
WLHIV, including those who are not HIV-infected, are 
more likely to die before their fifth birthday due to ill-
ness and malnutrition.31 While the primary analysis of 
these data examined the effect of HIV status on chil-
dren’s growth,11 we also evaluated the compounded 
effect of orphan status by incorporating children who 
were non-orphaned as our control group.

Our data suggests that children orphaned maternally 
and totally experience higher rates of malnutrition in 
infancy and early childhood compared to children 
orphaned paternally or non-orphaned. This is consistent 
with findings of other studies,32 and is attributed partly to 
the maternal role of providing nutrition during this criti-
cal growth period.15 Additionally, children orphaned 
maternally and totally presented later to clinic, a finding 
consistent with other data from sub-Saharan Africa.33 We 
speculate that this resulted from social disruptions within 
the household when a child became orphaned and 
required care from other family members. This delay of 
preventative care services (eg, vaccinations, weight-
monitoring) hinders potential early intervention and risks 
further health outcomes. Furthermore, children orphaned 
maternally and totally were more likely to live with HIV, 
especially if presenting after 1 year of age, compared to 
children orphaned paternally or non-orphaned. Mothers 

struggling with viral suppression and access to medica-
tions during pregnancy are more likely to die from HIV 
complications and transmit the virus to their infants, 
while the caregivers of children who are newly orphaned 
may delay in bringing them to clinic due to the stigma 
surrounding an HIV diagnosis.33,34 Thus, the results of 
our study suggest that children who are maternally or 
totally orphaned are particularly vulnerable to poor out-
comes and should be prioritized for additional support 
and resources by HIV programs.

Across all orphan groups, the mean z-score for stunt-
ing (HAZ) was the most notable negative anthropomet-
ric marker. Prior studies in Zimbabwe and Kenya also 
found that children orphaned maternally and paternally 
had demonstrated higher rates of stunting.18,35 Factors 
contributing to stunting include chronic inadequate 
nutritional intake, recurrent and/or chronic illness, 
maternal malnutrition leading to intrauterine growth 
restriction, and epigenetic changes.2,30 Aside from the 
development of childhood infections, developmental 
delays, and noncommunicable diseases, stunting is also 
associated with poorer school performance and lower 
adulthood earnings.36 Notably, the prevalence of stunt-
ing increases as wealth decreases worldwide.36,37 This 
measure of chronic malnutrition highlights global dis-
parities in the social determinants of health. While inter-
national organizations, such as the World Health 
Assembly, have made ambitious goals to drastically 
reduce rates of stunting,36 these goals require collabora-
tion and advocacy among community partners and gov-
ernmental organizations. Fortunately, with these efforts, 
the prevalence of stunting has significantly declined 
over the years,36,37 partly due to an improvement in 
income inequality, sanitation facilities, and women’s 
rights.36 Supporting efforts to reduce stunting will have 
life-long benefits to children across the globe.

This study found that females were more likely to be 
underweight across all orphan groups, and children living 
with HIV were less likely to be underweight across all 
orphan groups. These results differed from existing litera-
ture reporting that males and children living with HIV 
have worse malnutrition outcomes.11,19,32,38 Globally, 
other factors associated with malnutrition in children who 
are orphaned include households with many dependents 
or low socioeconomic status,32 female-headed house-
holds,32 attending an urban clinic,11 the level of maternal 
education,39 and heightened poverty.40 We hypothesize a 
multifactorial explanation for the mixed results between 
our study and other literature—for example, additional 
nutritional supplementation and resources may have been 
available for families impacted by HIV within the clinical 
care system, but not documented within the electronic 

Figure 3.  Percentage of malnourished children, by orphan 
status and age of child.
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medical record system, and thus not accounted for within 
this analysis. Future studies should account for nutritional 
and support programs that are provided for study 
participants.

The findings presented here should be considered in 
light of some potential limitations. Only children of 
WLHIV were included in our current dataset, and HIV-
exposure is a significant factor relating to malnutrition. 
Also, the number of children attending clinic decreased as 
they aged, likely leading to a selection bias for those who 
continued in clinic after HIV confirmatory testing was 
performed for specific medical concerns. Due to the reli-
ance on retrospective data, some potentially confounding 
variables were not located, such as nutritional supplemen-
tation, socioeconomic status, and living environments. 
Home environments, such as living in relative homes, 
family homes, child-headed homes, or institutional 
homes, were not captured in this study due to its retro-
spective nature.21

Conclusions

Children who are orphaned maternally and totally expe-
rienced worse nutritional outcomes compared to chil-
dren orphaned paternally and non-orphaned. Children 
orphaned maternally and totally also presented to clinic 
later, which may contribute to their malnutrition risks by 
delaying the appropriate referrals to nutritional services. 
These findings support intervention programs for 
improving the rate of child malnutrition worldwide, 
especially among those who are orphaned maternally 
and totally. Identifying additional risk factors will allow 
for more specific interventional strategies aimed at sup-
porting their nutrition and development.
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