Original Article

Assessment of Physical Growth in Male Children Infected with
Human Immunodeficiency Virus on Highly Active Antiretroviral
Therapy in Abakaliki
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Abstract
Background: Human immunodeficiency virus (HIV) infection causes a derangement in growth. Antiretrovirals promote immune function
restoration and improvement in the quality of life. Variables such as poor adherence to drugs and unsuppressed viral load may negatively influence
growth in HIV‑infected children. The study aimed at determining the growth in HIV‑infected males aged 8–17 years in Abakaliki who were on
antiretrovirals. Methods: A case–control hospital‑based study, involving 80 HIV‑infected males aged 8–17 years who were matched for age and
socioeconomic class with 80 HIV‑uninfected controls. Growth parameters including the heights, weights, and body mass index (BMI) of subjects
and controls were measured, and Z scores for age derived for height, weight, and BMI. Results: The mean height of subjects (1.420 ± 0.18 m)
was significantly lower than that of controls (1.515 ± 0.17 m). The mean weight of subjects (35.09 ± 12.48 kg) was significantly low compared
to controls (42.21 ± 12.95 kg). A significant difference was documented in the mean BMI for age among subjects (16.78 ± 2.12 kg/m2) and
controls (17.93 ± 2.27 kg/m2). There was a significant relationship between CD4 count and growth (BMI) (P = 0.006) and between duration
on highly active antiretroviral therapy and growth (P = 0.024). Conclusion: HIV‑infected males had significantly impaired growth despite
the use of antiretroviral drugs.
Keywords: Children, human immunodeficiency virus antiretroviral drugs, males, physical growth

Introduction
Human immunodeficiency virus (HIV) infection is caused
by a virus that belongs to the family retroviridae, affecting
the immune state and depleting the natural defense system.[1]
HIV destroys the CD4 T‑lymphocytes leading to cell‑mediated
immune incompetence known as Acquired Immune Deficiency
Syndrome (AIDS) and even death.[1] In 2018, about 36.9
million people and about 1.8 million children <15 years
were living with HIV in the same year.[2] It was estimated
that 940,000 people living with HIV died from AIDS‑related
illnesses worldwide in 2018.[2] The majority of the people living
with HIV (PLHIV) live in developing countries.[2]
In Sub‑Saharan Africa, about 25.5 million people were
infected with HIV and reside in Africa.[3] Among PLHIV
globally, Nigeria has the second‑largest HIV disease burden
with 3.1 million people after South Africa which has an
estimate of 6.8 million people living with HIV.[3] However,
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a current published Nigeria HIV/AIDS Indicator and Impact
Survey, one of the largest population‑based HIV/AIDS
household surveys ever conducted, found the prevalence
to be 1.4%.[4] Better surveillance was responsible for the
apparent decline.[4] Approximately 150,000 people died from
AIDS‑related illnesses in Nigeria in 2017.[4] Mother‑to‑child
transmission of HIV accounts for over 90% of paediatric HIV
transmission in Sub‑Saharan Africa.[2] Children can also be
infected through contaminated and unsterilized needles and
blood transfusions and sexual abuse.[5]
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With the introduction of antiretroviral therapy (ART), there
was a reduction in HIV replication, preservation of CD4
T‑lymphocyte cell count/function, and restoration of immunity
to fight infection, thereby promoting or restoring normal
growth and development, as well as improving quality of
life.[6‑8] This led to a reduction in mortality and morbidity of
HIV‑infected children/adolescents as well as an increase in the
number of adolescents living with HIV.[8]
Symptomatic HIV infection in children is associated with
initial and subsequent reductions in weight, height, and
body mass index (BMI).[9] It has been reported that delayed
physical growth in HIV‑infected children/adolescents results
in poor self‑image and low self‑esteem mainly when they are
among their peers.[9] This may be related to the psychological
and social change experienced during adolescence, whereby
the adolescent spends time thinking about physical growth
and body image because they want peers’ acceptance. Some
studies have reported that males were more vulnerable to
poor growth than females and called for further research
into this finding.[10‑12] Furthermore, the existing studies on
assessing physical growth in male adolescents infected with
HIV were reported in developed countries.[13‑15] The study
aimed to assess physical growth in HIV‑infected males aged
8–17 years in Abakaliki. It hopes to provide information that
will guide paediatricians in counselling caregivers and/or
HIV‑infected adolescents. It will also provide data that may
help create awareness and sensitization in the community on
early diagnosis and prompt enrollment in HIV care.

Proportion of exposed cases + proportion of control exposed
2
50% (0.5) was used when there was no recognizable estimate.
Zβ = normal standard variate for significant level as identified
in the previous section. i.e., normal standard variate for the
power of 80%, which is equal to 0.84.
Zα/2 = normal standard variate for significant level as identified
in the previous section, i.e., normal standard variate at 95%
confidence level = 1.96.
P1 − P2 = different in proportions or effect size identified from
previous studies.
P1 = is proportion in cases (subjects) (0.17).[17]
P2 = is proportion in controls (0.04).[17]
n = minimum sample size.
n=

1 + 1 (0.5) (1 − 0.5) (0.84 + 1.96) 2
×
= 232
1
(0.17 − 0.04) 2

Furthermore, a second formula[18] correcting the sample size
for a finite population was used because the first formula
was drawn from a finite population of HIV‑infected children
numbering <10,000 population thus:
nf =

n
1+ ( n / nE )

Where,

Methods

nf = represent sample size for a finite population.

Study area

n = represent a population greater than 10,000 participants.

This study was conducted in the paediatric HIV clinic and
children outpatient (CHOP) department of the Federal
Teaching Hospital, Abakaliki (FETHA) and Mile Four Mission
Hospital, Abakaliki, Ebonyi State.

nE = estimated total number of HIV‑infected males aged
8–17 years in FETHA and Mile Four Hospital were
approximately 105 (61 + 44).

Study population

Hence,

The study populations were male children infected with HIV
attending the paediatric HIV specialty clinic in both hospitals
aged 8–17 years, while the controls were HIV‑uninfected males
aged 8–17 years who were matched for age and socioeconomic
class in both hospitals who were without chronic kidney
disease, sickle cell anemia (SCA), asthma, chronic liver
disease, and cerebral palsy attending the CHOP clinic.

232
= 73
1 + ( 232 / 105)
The minimum sample size was thus 73.
Non responders rate.
n×

Sample size determination
Sample size was determined using Jaykan and Tamoghna
method.[16]
Sample size (n) =

2
r + 1 ( P*) (1 − P*) ( Z β + Zα / 2 )
×
r
( P1 − P2 ) 2

Where r = ratio of control to cases (subjects), 1 for an equal
number of cases and control.
P* = Average proportion exposed

10
= 7.3
100

Therefore, the actual minimum sample size of cases (subjects)
was 80.
However, the sample size was allocated proportionally (William,
1977) to the two hospitals under study thus:
Let N1 be the number of HIV patients aged 8–17 years in
FETHA and N2 be the number of HIV patients aged 8–17 years
Mile four, n = minimum sample size = 80, and N total number
of HIV patients aged 8–17 years in the two hospitals = 105.
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WHO immunological classification was categorized from “not
significant suppression” to “severe suppression” based on the
revised immunological classification for HIV‑related disease in
children and adolescents using absolute CD4+ T‑lymphocyte
counts. Stage 1 (not significant) represented CD4 cell count
of >500 cells/mm3, stage 2 (mild) represented CD4 cell count
of 350–499 cells/mm3, stage 3 (advanced) represented CD4 cell
count of 200–349 cells/mm3, while stage 4 (severe) represented
CD4 cell count of < 200 cells/mm3.[20]

Therefore, the sample size for each hospital is given by:
For FETHA,
n1 =

n × N1 80 × 61
=
= 46 = 57.5%
105
N

For Mile Four,
n1 =

n × N 2 80 × 44
=
= 34 = 42.5%
105
N

The same proportion was used for the selection of the control.

Study design
The study is a case–control hospital‑based study.

Study duration

The research work was carried out within six months (September
2018 to February 2019).

Sampling method
All eligible study participants scheduled for Mondays and
Thursdays in FETHA, Thursdays in Mile Four Mission
Hospital, and children attending CHOP were consecutively
enrolled until the estimated minimum sample size was reached.

Study procedure
Males infected with HIV aged 8–17 years (subjects) who met
the inclusion criteria were enrolled consecutively during the
weekly paediatric HIV clinic. Before recruitment into the
study, the researcher obtained informed consent from the
parents/caregivers and assent from the populations. At this
stage, the details and reason for the study were explained
to the researcher’s populations and their caregivers. The
caregivers were also informed that participation in this study
was voluntary, and they would not be penalized if they refuse
to give consent/assent for participation. After that, a Case
records containing detailed information on the biodata of the
subject, history of diagnosis, sociodemographic profile, and
relevant laboratory data including CD4 count and viral load
was then completed by the researcher.
Oyedeji Social Classification System[19] was used to determine
the social class of each participant. They were then subdivided
into the upper, middle, and lower socioeconomic classes. Those
in upper social class were represented by classes 1 and 2, 3 for
the middle class, while classes 4 and 5 were defined as lower
social class. Each score has two variables, occupation, and
level of education of both parents/caregivers.[19]
The clinical staging and immunological classification of
subjects into the paediatric HIV clinic were retrieved from
the children’s case notes. The WHO clinical staging was as
documented by WHO case definitions for clinical staging
system and HIV surveillance in children.[20] Recognized
clinical features were used to group them from Stage 1
(asymptomatic) to Stage 4 (AIDS) according to WHO
criteria.[20] The subjects were assigned to a specific stage if
they had at least one clinical feature in that stage’s criteria. The
194

The HIV‑uninfected males (controls) matched for age and
social class were enrolled from the CHOP clinic of both
hospitals after informed consent from parents/caregivers and
assent from the controls had been retrieved by the researcher.
For HIV counselling and testing, the controls had a pretest
counselling which was done routinely by the treatment support
staff, and then, they had serial consecutive rapid diagnostic
tests according to the National guideline on HIV counselling
and testing to determine their HIV status.[21] To confirm the
HIV status of the child, the initial positive test was followed
by one more confirmatory test (Unigold™ with a sensitivity
of 100% and specificity of 99.7%).[22] If the second test was
negative, a third tie‑breaker test was then used, which has a
sensitivity of 100% and specificity of 100% to confirm the HIV
status.[19] Post-test counselling was done. Controls confirmed
to be HIV infected were referred to the paediatric HIV clinic
for further counselling and enrolled in HIV care. On the other
hand, the HIV‑uninfected controls were also counselled and
subsequently enrolled and matched for age and social class
with the subjects (HIV‑infected). A case record form was then
completed for them by the researcher. None of the controls
enrolled was HIV positive.
The researchers measured the weight and height of both the
subjects and controls to determine the physical growth. The
study participants stood erect on a battery‑powered digital scale
set to the nearest 0.1 kg wearing only light clothing and leaning
on nothing while their weight was read off from the scale and
recorded on the case form.[23] After every ten readings, the scale
was reset to zero to avoid errors. A known weight was placed
on the scale every day before use and periodically while in use.
We measured the heights of the study population using the
stadiometer.[23] Each participant was bare footed, stood erect,
With heels brought together, and the back as straight as possible
while the back of the head, shoulders, buttocks, and heels were
touching the wall. As the headpiece was moved down to touch
the child’s head, the eye–ear plane was placed perpendicular
to the wall, and readings were recorded on the case form. The
measurements were then recorded to the nearest 0.1 cm.
BMI was calculated using the formula.[24]
Weight (kg )
BMI =

(Height )2 (m)

The weight, height, and BMI for age Z scores were determined
and compared with the WHO 2007 reference values using the
WHO AnthroPlus Software.[24‑28]
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Ethical approval

The frequencies of different variables of the subjects

Before commencing the study, the institutional ethical approval
was obtained from the Research and Ethics Committee of
the FETHA and a permission letter from Mile Four Mission
Hospital.

Table 1 shows the clinical characteristics of the subjects.
All the subjects were of mother‑to‑child transmission of
HIV. Sixty‑four (80%) were on the first line of HAART, and
only three had been on HAART for less than six months.
Thirty‑eight (47.5%) were HIV clinical staging 1, while
one (1.25%) subject was in stage 4. The immunological status
was assessed using CD4 count and it showed that majority
of the subjects (49, 61.25%) had non significant (CD4
count >500 cells/mm3) immunological staging and 5 (6.25%)
had severe (CD4 count <200 cells/mm3) immunological
staging. Additionally, more of the 43 (55.8%) subjects had
unsuppressed viral load, while 34 (44.2%) had an suppressed
viral load.

The confidentiality of information and data retrieved from the
study participants were emphasized to all study participants
and were kept throughout and after the study. All the
essential data relating to the survey were kept safe by the
principal investigator. The study participants were assigned
identification numbers and their data coded using their initials
and identification numbers.

Data analysis
The data obtained was transferred into an electronic database
using the Statistical Package for the Social Sciences (SPSS)
version 20.0 (IBM SPSS Statistics for Windows, version 20.0.
Armonk, NY: IBM Corp) and then analyzed. The difference
in means for continuous variables (age, height, weight, and
BMI) for controls and subjects was compared using Student’s
t‑test. The odds ratio was used to ascertain the odd in favor
of the controls over the subjects. The effect of social class,
immunological status, clinical stage, and duration on highly
active ART (HAART) on physical growth was modeled
using multivariate and logistic regression, respectively. The
relationship between physical growth and viral load was tested
using the Chi‑square. All test statistics were conducted at a
0.05 level of significance. Charts and tables were used in the
presentation of the results.

Results

The physical growth profile of the study participants
Table 2 depicts a comparison of the physical growth of controls
and subjects. The mean height for the controls and subjects
were 1.515 ± 0.17 m and 1.420 ± 0.18 m, respectively. The
difference between them was statistically significant (t = 3.350,
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Figure 1: Social class and age profile of the study participants

The age and social class of the study participants
One hundred and seventy‑two males comprising 82 HIV
infected (subjects) and 90 HIV‑uninfected (controls) were
recruited over six months (September 2018 to February
2019). Two males out of the 82 subjects were excluded from
the study because parents/caregivers did not give consent,
while 10 males out of the 90 controls were also excluded
from participating in the study because five males did not
give consent/assent, three males were SCA patients, one was
a known asthmatic patient, and one was on the steroid for
SCA nephropathy.
Therefore, eighty HIV‑infected subjects and eighty
HIV‑uninfected controls within the same age bracket of
8–17 years were enrolled for the study and matched for
age and socioeconomic class. Majority of the subjects and
controls (70%) were pre/early adolescent (8–14 years) stage
of life, while (30%) of the study participants were in middle
adolescence (15–17 years). Forty‑eight of the subjects (60%)
and 48 controls (60%), respectively, were in the lower
socioeconomic class, while 32 (40%) were in the upper
socioeconomic class, but none of the participants was from the
middle class as depicted in Figure 1.
Nigerian Journal of Medicine ¦ Volume 30 ¦ Issue 2 ¦ March-April 2021

Table 1: Clinical characteristics of the subjects
Characteristics

Categories

Frequency (%)

First line
64 (80.00)
Second line
16 (20.00)
Duration on ART
Less than six months
3 (3.75)
Six months to five years
36 (45.00)
Greater than five years
41 (51.25)
Clinical stages
1
38 (47.50)
2
19 (23.75)
3
22 (27.50)
4
1 (1.25)
Immunological
Not significant
49 (61.25)
status (CD4
Mild
14 (17.50)
count)
Advanced
12 (15.00)
Severe
5 (6.25)
Total
80 (100.00)
Viral load
Suppressed
34 (44.20)
Unsuppressed
43 (55.80)
Total
77 (100.00)
Not significant: >500 ml/mm3, Mild: (350-499) ml/mm3,
Advanced: (200-349) ml/mm3, Severe: <200 ml/mm3,
Suppressed: ≤1000 copies/ml, Unsuppressed: >1000 copies/ml.
ART: Antiretroviral therapy
ART regimen
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P = 0.001). Furthermore, the mean weight for controls
and subjects were 42.21 ± 12.95 and 35.09 ± 12.48 kg,
respectively. The difference between them was statistically
significant (t = 3.540, P = 0.001).

between in contrast between viral load and BMI for age with
P > 0.05.

Relationship between physical growth with social class,
immunological status, clinical staging, and duration of
highly active antiretroviral therapy in subjects

This study assessed HIV‑infected males’ physical growth
(subjects) compared with HIV‑uninfected males (controls).

Discussion
This study’s findings showed that stunting and underweight
were more common in subjects than controls with P = 0.001.
The difference in growth pattern between the two groups can
be attributed to opportunistic infections (OIs) and immune
dysfunction induced by HIV, resulting in increased protein
metabolism and energy diversion away from growth. The
subjects’ reduced height and weight in this study compared well
with observations by Anyabolu et al.[29] among HIV‑infected
children in Ife, Oyo State, Nigeria, who also noted that
more of the HIV‑infected children were stunted, wasted, and
underweight compared to the controls (P = 0.001). This finding
in the index study was corroborated by Newel et al.[30] and
Iloh et al.[31] who studied HIV‑infected female adolescents in
Enugu, Southeast Nigeria.

Table 3 shows a multivariate regression analysis of the physical
growth on social class, immunological stages, clinical stage,
and HAART duration. It shows that CD4 count and duration
on HAART were significant. These indicate significant
relationships between physical growth, CD4 count, and
HAART duration but not with social class and clinical stages.

Relationship between viral load and physical growth
Table 4 shows the relationship between viral load and physical
growth. There was a significant relationship between viral load
and height for age. But there was no significant relationship

Table 2: Comparison of physical growth of the controls
and subjects
Variables

Participant
Controls

t‑statistic

Isanaka et al.[32] suggested that disturbances to energy balance
may be a factor in stunting of growth in HIV‑infected children,
while Newell et al.[30] found that OIs and HIV‑induced immune
dysfunction will lead to increased protein catabolism and
diversion of nutrients away from growth.

P

Subjects

Height (m)
1.515±0.170
1.420±0.180
3.350
0.001
Weight (kg)
42.210±12.950 35.090±12.480
3.540
0.001
BMI (kg/m2)
17.930±2.270
16.780±2.120
4.035
<0.001
Weight for
0.238±0.730
−0.170±0.500
3.216
0.002
age Z‑score
Height for
0.069±1.400
−1.340±1.230
6.758
<0.001
age Z‑score
BMI for age
−0.133±1.040
−0.780±1.220
3.628
<0.001
Z‑score
Values are mean±SD. BMI: Body mass index, Subjects: HIV‑positive,
Controls: HIV‑negative, HIV: Human immunodeficiency virus, SD:
Standard deviation

The mean height in subjects was noted to be significantly
lower compared to controls. The subjects’ chronicity of HIV
infection may have negatively influenced their physical growth
more than the control group. Ferrand et al.[33] stated that
growth failure might be the distinguishing factor in subjects
who have had the illness for a longer time than the uninfected
group. These findings were corroborated by Majaliwa
et al.[9] and Stagi et al.,[34] who found that growth in height
is affected in individuals with HIV infection. Similar results

Table 3: Regression analysis of physical growth on social class, immunological stage, clinical stage, and duration on
highly active antiretroviral therapy
Variable

Physical growth
Z‑score for BMI
β

t (P)

Multivariate test
Z‑score for height

β

t (P)

Δ

F

P

Intercept
−2.396
−2.135 (0.036)
−1.247
−1.005 (0.318)
0.369
59.79
<0.001
Social class
0.161
0.625 (0.534)
0.250
0.880 (0.382)
0.991
0.312
0.733
CD 4 count
Not significant
1.270
2.074 (0.042)
0.900
1.330 (0.188)
0.774
3.194
0.006
Mild
1.061
1.645 (0.104)
0.139
0.195 (0.846)
Advance
0.850
1.269 (0.209)
0.624
0.842 (0.403)
Clinical stage
Stage I
1.359
1.061 (0.292)
−0.533
−0.376 (0.708)
0.917
1.029
0.409
Stage II
0.799
0.614 (0.541)
−0.830
−0.577 (0.566)
Stage III
0.642
0.512 (0.610)
−0.965
−0.696 (0.489)
Duration on HAART
0.102
2.800 (0.007)
0.034
0.853 (0.396)
0.899
3.929
0.024
P<0.05 indicates a significant coefficient. β: Value of regression coefficient, Δ‑Wilks lambda statistic, t: t‑test statistics, F: F test statistic, P: Significant
value, and the last each categorical variable is the reference category. BMI: Body mass index, HAART: Highly active antiretroviral therapy
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Table 4: Relationship between viral load and physical growth for subjects
Viral load
Suppressed
Unsuppressed
Total

Height for age

Total

Stunting

Normal

2
15
17

32
28
60

Viral load

BMI for age
Severe underweight

Moderate underweight

Normal

Measures of relationship
Statistic

Value

P

34
43
77

χ2

9.283

0.002

Total

Statistic

Value

P

3.816

0.282

Overweight

Suppressed
1
2
31
0
34
χ2
Unsuppressed
4
6
32
1
43
Total
5
8
63
1
77
P<0.05 implies a significant relationship. Subjects: HIV‑positive, BMI: Body mass index, HIV: Human immunodeficiency virus

were also observed among perinatally HIV‑infected males by
Ferrand et al.[33] and Mbwile[17] in Zimbabwe and Tanzania,
respectively, in Africa.
Similarly, the mean weight in subjects in this study was found
to be significantly lower than controls. The survey by Majaliwa
et al.[9] corroborated with this index study and observed that
malnutrition which is a feature of HIV infection affects the
hypothalamic–pituitary–gonadal axis resulting in decreased
physical growth.
Additionally, BMI in this index study was significantly
lower in the subjects than in the control groups. Mbwile[17] in
Tanzania documented a similar finding where he documented
lower BMI for age Z score in HIV infected than the HIV
uninfected.
Thus, chronicity of HIV infection, malnutrition, and OIs may
explain the reported difference in mean height, weight, BMI
scores, and Z‑scores between subjects and controls.
In the index study, there was also a significant positive
association between physical growth and duration on
HAART (P = 0.024). This finding may be that long duration
on ART regimen may lead to the restoration of immune
mechanism and reduction in OIs resulting in improvement of
physical growth. This was corroborated by Brady et al.[35] that
the main reason for the progression of HIV infection in children
is the reduction of CD4 cells and increased viral load, which
may result in OIs AIDS. These were similar to Ebonyi et al.’s
findings,[36] which noted that after nine months on HAART,
there was a significant reduction in the percentage of children
with low BMI for age (P = 0.006). Only 2.5% still had low
BMI after nine months of HAART compared to 18.2% at the
beginning of HAART. Majority of subjects in this index study
had been on HAART for an average of 5.8 years. This suggests
that HAART improves physical growth but does not reverse
growth failure caused by HIV.

Conclusion
HIV‑infected males have significantly lower weight, height,
and BMI than HIV‑uninfected males. The effect of HIV on
growth may persist despite antiretroviral therapy.

Limitation
The study was a case–control hospital‑based study with only
one assessment of physical growth. A prospective cohort study
with multiple interval assessments would have given more
information on the derangement in the physical growth of
HIV‑infected children.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

References
1.

Meléndez A, Eduardo M, Chica G, María M, Ochoa C, Henao-Mejía W,
et al. Polysomnographic evaluation of uninfected babies born to human
immunodeficiency virus type-1 positive mothers. Iatreia 2013;26: 269-77.
2. UNAIDs. Global AIDS Update, 2018. UNAIDS. ‘Fact Sheet 2018’;
2018. Available from: http://www.unaids.org/sites/default/files/mediaasset/global-AIDS-update-2018-en.pdf. [Last accessed on 2016 May
27].
3. Joint United Nations Programme on HIV/AIDS. The Gap Report;
September, 2014. Available from: http://www.unaids.org/sites/default/
files/media-asset/UNAIDS-Gap-report-en.pdf. [Last accessed on 2017
Oct ].
4. PEPFAR’ Large National Survey Shows Smaller HIV in Nigeria
Than Once Thought and Highlights Key Gaps Toward Reaching HIV
Epidemic Control’. Available from: https://www.cdc.gov/globalhivtb/
who-we-are/features/nigeria-phia.html. [Last accessed on 2019 Apr].
5. Ubesie A, Emodi I, Ikefuna A, Ilechukwu G, Ilechukwu G. Prevalence
of human immunodeficiency virus transmission among transfused
children with sickle cell anemia in Enugu Nigeria. Ann Med Health Sci
Res 2012;2:109-13.
6. Jain V, Hartogensis W, Bacchetti P, Hunt PW, Hatano H, Sinclair E,
et al. Antiretroviral therapy initiated within 6 months of HIV infection
is associated with lower T-cell activation and smaller HIV reservoir size.
J Infect Dis 2013;208:1202-11.
7. Burdo TH, Lentz MR, Autissier P, Krishnan A, Halpern E, Letendre S,
et al. Soluble CD163 made by monocyte/macrophages is a novel
marker of HIV activity in early and chronic infection prior to and after
anti-retroviral therapy. J Infect Dis 2011;204:154-63.
8. Okulicz JF, Le TD, Agan BK, Camargo JF, Landrum ML, Wright E,
et al. Influence of the timing of antiretroviral therapy on the potential
for normalization of immune status in human immunodeficiency virus
1-infected individuals. JAMA Intern Med 2015;175:88-99.
9. Majaliwa ES, Mohn A, Chiarelli F. Growth and puberty in children with
HIV infection. J Endocrinol Invest 2009;32:85-90.
10. Williams PL, Abzug MJ, Jacobson DL, Wang J, Van Dyke RB, Hazra R,

Nigerian Journal of Medicine ¦ Volume 30 ¦ Issue 2 ¦ March-April 2021

197

Ogeh, et al.: Poor physical growth among perinatally HIV‑infected boys despite antiretroviral therapy in Abakaliki, South‑East Nigeria

11.

12.

13.
14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

198

et al. Pubertal onset in children with perinatal HIV infection in the era
of combination antiretroviral treatment. AIDS 2013;27:1959-70.
Szubert AJ, Musiime V, Bwakura-Dangarembizi M, Nahirya-Ntege P,
Kekitiinwa A, Gibb DM, et al. Pubertal development in HIV-infected
African children on first-line antiretroviral therapy. AIDS 2015;29:609-18.
Jesson J, Schomaker M, Malasteste K, Wati D, Kariminia A, Sylla M, et al.
Stunting and growth velocity of adolescents with perinatally acquired
HIV: Differential evolution for males and females. A multiregional
analysis from the IeDEA global paediatric collaboration. J Int AIDS Soc
2019;22:e25412.
Berhane R, Bagenda D, Marum L, Aceng E, Ndugwa C, Bosch RJ, et al.
Growth failure as a prognostic indication of mortality in pediatric HIV
infection. Pediatrics 1997;100:e7.
de Martino M, Tovo PA, Galli L, Gabiano C, Chiarelli F, Zappa M, et al.
Puberty in perinatal HIV-1 infection: A multicentre longitudinal study of
212 children. AIDS 2001;15:1527-34.
Buchacz K, Rogol AD, Lindsey JC, Wilson CM, Hughes MD,
Seage GR 3rd, et al. Delayed onset of pubertal development in children
and adolescents with perinatally acquired HIV infection. J Acquir
Immune Defic Syndr 2003;33:56-65.
Charan J, Biswas T. How to calculate sample size for different study
designs in medical research? Indian J Psychol Med 2013;35:121-6.
Mbwile GR. Growth and Pubertal Development among Children Aged
8-18 Years in Dar es Salaam. Dissertation. Muhimbili University of
Health and Allied Sciences; 2012.
Taofeek I. Research Methodology and Dissertation Writing for Health
and Allied Health Professionals. 1st ed.. Abuja: Cress global Link Ltd.;
2009. p. 284.
Uchendu UO, Ikefuna AN, Nwokocha AR, Emodi IJ. Impact of
socioeconomic status on sexual maturation of Nigerian boys living with
sickle cell anaemia. Hematology 2010;15:414-21.
Tindyebwa D, Kayita J, Musoke P, Eley B, Nduati R, Coovadia H,
et al. Handbook on Paediatric AIDS in Africa. Africa Network for the
Care of Children Affected by AIDS. 2nd ed.. Uganda: Family Health
International; 2011. p. 3-26.
National Guidelines for HIV Counseling and Testing. Nigeria: Federal
Ministry of Health; 2011. Available from: http://sbccvch.naca.gov.ng/
sites/default/files/HCT%20Guideline%202011 (1)—pdf. [Last accessed
on 2017 Oct ].
Bassey O, Adedeji A, Oke O, Abubakar A, Yakubu K, Jelpe T, et al.
Evaluation of nine HIV rapid test kits to develop a national HIV testing
algorithm in Nigeria. Afr J Lab Med 2015;4:1-17.
Measuring a Child’s Growth Department of Nutrition for Health and
Development. Available from: https://www.who.int/childgrowth/

24.

25.

26.
27.

28.
29.

30.

31.

32.
33.

34.

35.

36.

training/module_b_measuring_growth.pdf. [Last accessed on 2018
Nov 12].
World Health Organization. Growth Standards: Length/Height for Age,
Weight For Age, Weight for Length, Weight for Height And Body Mass
Index for Age. Methods and Development. Geneva WHO. Available
from: https://www.who.int/publications/i/item/924154693X. [Last
accessed on 2017 Sep 15].
Weight for Age Percentiles for Boys 2-20 Years. Available from: http://
www.medscape.com/calculator/weight-age-percentile-boys.
[Last
assessed on 2019 Apr 14].
Height for Age Percentiles for Boys 2-20 Years. Available from: http://
www.medscape.com/calculator/height-age-percentile-boys.
[Last
assessed on 2019 Apr 14].
Body Mass Index (BMI) Percentiles for Boys 2-20 Years. Available from:
http://www.medscape.com/calculator/body-mass-index-percentile-boys.
[Last assessed on 2019 Apr 14].
WHO. Application Tools: WHO AnthroPlus Software. Available from:
http://www.who.int/growthref/tools/en/. [Last accessed on 2019 May 18].
Anyabolu HC, Adejuyigbe EA, Adeodu OO. Undernutrition and anemia
among HAART naïve HIV infected children in Ile-Ife, Nigeria: A casecontrolled hospital based study. Pan Afr Med J 2014;18:77-85.
Newell ML, Borja MC, Peckham C, European Collaborative Study.
Height, weight, and growth in children born to mothers with HIV-1
infection in Europe. Pediatrics 2003;111:e52-60.
Iloh O N, Ubesie AC, Iloh KK, Emodi IJ, Ikefuna AN, ObumnemeAnyim I. Poor Physical growth among perinatally HIVinfected girls
despite Anti-retroviral therapy in Enugu, South-East Nigeria. World J
Nutr Health 2016;4:22-6. doi:10.12691/jnh-4-1-5.
Isanaka S, Duggan C, Fawzi WW. Patterns of postnatal growth in HIVinfected and HIV-exposed children. Nutr Rev 2009;67:343-59.
Ferrand RA, Luethy R, Bwakura F, Mujuru H, Miller RF, Corbett EL.
HIV infection presenting in older children and adolescents: A case series
from Harare, Zimbabwe. Clin Infect Dis 2007;44:874-8.
Stagi S, Galli L, Cecchi C, Chiappini E, Losi S, Gattinara CG, et al. Final
height in patients perinatally infected with the human immunodeficiency
virus. Horm Res Paediatr 2010;74:165-71.
Brady MT, Oleske JM, Williams PL, Elgie C, Mofenson LM,
Dankner WM, et al. Declines in mortality rates and changes in causes
of death in HIV-1-infected children during the HAART era. J Acquir
Immune Defic Syndr 2010;53:86-94.
Ebonyi AO, Oguche S, Dablets E, Sumi B, Yakubu E, Sagay AS. Effect
of HAART on growth parameters and absolute CD4 count among
HIV infected children in a rural community of central Nigeria. Niger J
Paediatr 2014;41:1-6.

Nigerian Journal of Medicine ¦ Volume 30 ¦ Issue 2 ¦ March-April 2021

