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Abstract
Objective: To correlate serum concentration of IGF-1, IGF-2, IGFBPs and interleukins in a population of HIV-infected children with height
and viral loud (VL).
Study design: Thirty-seven pre-pubertal children vertically infected with HIV, aged 5-11 years, in good clinical condition were allocated into
2 groups: VL>1000 (VL>1000 copies/mL, n= 20) and VL<1000 (VL<1000 copies/mL, n=17). Thirty age-matched non-infected children
were studied as controls (CG). Anamnesis and physical examination were performed at the inclusion in the study, 6 and 12 months after.
Fasting blood sample were collected for IGF-1, IGF-2, IGFBP-1, IGFBP-3, interleukin 2 (IL-2), interleukin 6 (IL-6), tumour necrosis factoralpha (TNF-α), and insulin analysis.
Results: Children in both HIV-infected groups were shorter than the CG (p<0.01). IGF-1 and IGFBP-3 concentrations were lower in
VL>1000 compared with CG (p<0,01). IGF-2 concentrations were lower in VL>1000 and VL<1000 compared with CG (p<0,01). IGFBP-1
concentrations were not different among groups. However, insulin concentrations were lower in the VL>1000 group (p<0.01) and a negative
correlation was observed between insulin and IGFBP-1 concentrations (r=-0.41; p<0.01). IL-6 and TNF-alfa concentrations were higher in
VL>1000 and VL<1000 compared with CG (P<0.01).
Conclusion: HIV-infected children were shorter than no infected children despite good disease control. The growth failure is associated with
reduced concentrations of IGF-1, IGF-2 and IGFBP-3 in relation to IGFBP-1 leading to an imbalance that could decrease IGF bioactivity.
High inflammatory cytokine concentrations in VL<1000 group demonstrates that good control is not enough to extinguish the inflammatory
process that can affect growth by regulating the IGF system.
Keywords: HIV, children, IGF-1, IGF-2, IGFBP-3, interleukins, viral load, growth.

Abbreviations and Acronyms

be a public health problem, especially in developing countries.
About 1500 new children are contaminate on a daily basis [1].

BMI: body mass index; CG: control group; CI: confidence
interval; GH: growth hormone; GHD: growth hormone deficiency;
HAART: highly active antiretroviral therapy; hGHr: recombinant
human growth hormone; HIV: Human Immunodeficiency Virus;
HOMA-IR: homeostatic model assessment insulin resistance;
IGF-1: insulin-like growth factor one; IGF-2: insulin-like
growth factor two; IGFBPs: insulin-like growth factor binding
proteins; IGFBP-1: insulin-like growth factor binding protein
one; IGFBP-2: Insulin-like growth factor protein two; IGFBP-3:
Insulin-like growth factor protein three; IL-2: interleukin two; IL6: interleukin six; SDS: standard deviation score; TNF-α: tumour
necrosis factor alfa; VL: viral loud

Until the 1990s, HIV-infected patients were treated with
antiretroviral schemes with low efficacy on immunity and
disease control. Children suffered multiple and severe
infections, chronic diarrhea, malabsorption and anemia, that
could explain the deficient weight-height gain [2, 3].
The advent of highly active antiretroviral therapy (HAART)
permitted a satisfactory maintenance of immunity and
reduction of complications, mainly regarding infections,
with an important improvement of survival and quality
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Introduction
Acquired Immunodeficiency Syndrome in childhood due to
Human Immunodeficiency Virus (HIV) infection continues to
Pediatr Res Child Health

Received: Feb 18, 2020; Accepted: Feb 24, 2020; Published: Feb 26, 2020

1

Volume 3(1): 2020

Ruiz MA, et al. (2020) Human Immunodeficiency Virus Infected Children Show Poor Growth Associated To Abnormalities in
Insulin Growth Factor System Even With Low Viral Load

of life, especially among children [2]. However, despite a
better control of the disease, several studies still show that a
significant number of HIV-infected children continue to have
short stature [2, 3].

Serum concentrations of IL-2, IL-6 and TNF-α were
determined by Luminex® xMAP® technology using
commercial HCYTOMAG-60K-03 kits (Millipore Corp., St.
Charles, MO, USA). The intra-assay coefficient of variation
was 2.1% for IL-2, 2.0% for IL-6, and 2.6% for TNF-α.

HIV-infected children have high cytokine and reduced IGF1 concentrations, and high levels of IGF-binding proteins
(IGFBPs), especially IGFBP-1 and IGFBP-2[4-7].Studies
on children have been limited to the analysis of one or two
components of the IGF system.

Plasma HIV-1 RNA was quantitated directly using the
commercial VERSANT HIV-1 RNA 3.0 (bDNA) kits (Bayer
Corporation, USA).
Statistical analysis

The objective of the present study was to describe stature, serum
concentration of components of IGF system and proinflammatory
interleukin according to viral loud (VL) in HIV-infected children
and compare with non-HIV –infected children.

The values utilized for statistical analysis were those obtained
at the inicial evaluation. HOMA-IR [glycemia (mmol/L) x
insulin (μIU/mL) / 22.5] was used for the determination of
insulin resistance. Variables are expressed as medians and
interquartile ranges or means and standard deviation. The
Kruskal-Wallis test with Dunn’s post-test and Spearman
coefficient were used when appropriated. The level of
significance was set at 5% (P≤ 0.05). Statistical analysis was
performed using the GraphPad Prism 7.0 software (GraphPad
Software Inc., San Diego, CA, USA).

Methods
Study population
Thirty-seven pre-pubertal children (22 boys and 15 girls)
vertically infected with HIV, aged 5 to 11 years, were included
in this study. They were further allocated to 2 groups according
to viral load (VL): Group VL>1000 (VL higher than 1000
copies/mL, n= 20) and Group VL<1000 (VL lower than 1000
copies/mL, n=17). The cut-off value of 1000 copies/mL was
used since it represents good control of HIV infection. None
of the children studied showed signs or symptoms of systemic
disorders, chronic diarrhoea, or opportunistic infections, and
none of them used corticosteroids or reached puberty during
the 12 months of the study.

Results
Anthropometric data
Seventeen out of 37 HIV-infected children had VL<1000
copies/mL while 20 had VL>1000 copies/mL. The
anthropometric data are presented in Table 1.
A significant difference in stature was observed among the two
patient groups and the control group (p<0.01) (Table 1, Figure
1), with no difference in BMI among the three groups (p=0.49).

Thirty non-infected children (17 boys and 13 girls) matched
for age and sex were studied as control group (CG).
The study was approved by Local Ethics Committee and
written informed consent obtained from all participants and
guardians before inclusion in the study.

p<0. 01
p<0. 01

Study Design
3

Detailed anamnesis and physical evaluation was performed at
inclusion in the study, after 6 months and after 1 year by the
same observer. Height, body weight, and BMI were recorded.
All participants were evaluated by a nutritionist and their
caloric intake, as well as micro and macronutrient distribution,
was adjusted for age.

2

1

H e ig h t S D S

At the time of clinical evaluation, fasting peripheral blood
samples were collected for IGF-1, IGF-2, IGFBP-1, IGFBP-3,
interleukin 2 (IL-2), interleukin 6 (IL-6), tumour necrosis
factor alpha (TNF-α), glucose and insulin analysis. Serum was
stored at -60oC until analysis.
Assays

-1

-2

IGF-1, IGF-2, IGFBP-1, IGFBP-3 (DSL, Diagnostic Systems
Laboratories, Webster, TX, USA), and insulin (Siemens, USA)
were determined by specific immunoassays. All samples were
analysed in duplicate. The intra- and inter-assay coefficients
of variation were 4.5% and 8.8% for IGF-1, 3.5% and 7.7%
for IGF-2, 2.5% and 6.2% for IGFBP-1, 7.3% and 10.4% for
IGFBP-3, and 5.8% for insulin. Assay sensitivity was 5 ng/ml
for IGF-1, 30 ng/ml for IGF-2, 5 ng/ml for IGFBP-1, 100 ng/
ml for IGFBP-3, and 0.5 μIU/ml for insulin.
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Figure 1: A significant difference in stature was observed
among the two patient groups and the control group (p<0.01)
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(599ng/mL) and in VL<1000 (641ng/mL) groups compared to
CG (901ng/mL) (P<0.01) (Figure 2B).

IGF-1 and IGF-2
The VL>1000 group had lower IGF-1 (129ng/mL) than CG
(245ng/mL) (P<0.01), while the values of the VL<1000
(173ng/mL) group did not differ from either VL>1000 or CG
(Figure 2A).

IGFBP-1 and IGFBP-3
Serum IGFBP-1 concentrations did not differ among the three
groups. VL>1000 (129ng/mL); VL<1000 (173ng/mL) and CG
(245 ng/mL) (Figure 2C).

The serum IGF-2 concentrations were lower in VL>1000

Table 1: Median and interquartile age range (years), standard deviation score for height, weight and BMI of patients vertically infected
with HIV with a viral load of more than 1000 copies/ml (VL>1000), less than 1000 copies/ml (VL<1000), and control group (CG).
VL>1000(n=20)
7.75 (6.14 a 8.60)
-0.93 (-1.64 a -0.16)a
-0.54 (-1.15 a -0.19)a
-0.10 (-0.53 a 0.38)

Age (yrs)
Height-SDS
Weight-SDS
BMI -SDS

VL<1000(n=17)
9.0 (7.38 a 10.5)
-0.68 (-1.79 a -0.29)a
-0.68 (-1.30 a 0.25)a
-0.16 (-0.68 a 0.44)

CG(n=30)
6.75 (5.80 a 8.50)
0.73 (-0.11 a 1.36)
0.49 (-0.01 a 0.95)
-0.04 (-0.41 a 1.03)

a=p<0.01 compared to control.
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Figure 2: a) The VL>1000 group had lower IGF-1 (129ng/mL) than CG (245ng/mL) (P<0.01), while the values of the VL<1000
(173ng/mL) group did not differ from either VL>1000 or CG. b) The serum IGF-II concentrations were lower in VL>1000
(599ng/mL) and in VL<1000 (641ng/mL) groups compared to CG (901ng/mL) (P<0.01). c) Serum IGFBP-1 concentrations
did not differ among the three groups. VL>1000 (129ng/mL); VL<1000 (173ng/mL) and CG (245 ng/mL). d) Serum IGFBP-3
concentrations were lower in the VL> 1000 group (3690ng/mL) compared to CG (4995ng/mL) (P<0.01). The values of the
VL<1000 group (3990ng/mL) did not differ from the other two groups
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Serum IGFBP-3 concentrations were lower in the VL> 1000
group (3690ng/mL) compared to CG (4995ng/mL) (P<0.01).
The values of the VL<1000 group (3990ng/mL) did not differ
from the other two groups (Figure 2D).

150

S e r u m IG F B P -1 ( n g /m L )

Insulin, glycaemia and Homa-IR
Serum insulin concentrations were lower in the VL>1000
group (2, 1µUI/mL) than in the VL<1000 and CG (respectively
5,4 and 4,6µUI/mL) (p<0.01). No difference was observed
between the VL<1000 group and CG.
There was no difference in glycaemia among the three groups
and the HOMA-IR index was lower in the VL>1000 group
(0, 42) compared to the VL<1000 and CG (respectively 1,07
and 0,85) (p<0.01). No difference was observed between the
VL<1000 group and CG (Figure 3A).
A negative correlation was found between serum insulin and
serum IGFBP-1 concentrations (r = -0.41; p<0.01; Figure 3B).
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0

IL-2 values were higher in the VL>1000 group compared to
control, but many children showed values below the detection
limit of the method in all groups. We considered it may be
some dosing method problem.

5

Serum insulin (µUI/mL)
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Figure 3b: A negative correlation was found between
serum insulin and serum IGFBP-1 concentrations

VL>1000 (12.3pg/mL) (P<0.01) and VL<1000 (14.6pg/mL)
groups (P<0.01) compared to CG (7.85pg/mL) (Figure 4B).
No significant differences in IL-6 or TNF-α were observed
between the VL<1000 and VL>1000 groups.

Higher IL-6 levels were observed both in the VL>1000 group
(1.24pg/mL) (P<0.01) and the VL<1000 group (2.77pg/mL)
(P<0.01) compared to CG (0.08pg/mL) (Figure 4A).
Serum TNF-α concentrations were also higher in the

Discussion
The present study demonstrated for the first time in children
that multiple changes in the IGF-IGFBP system are associated
with poor height growth in HIV-infected patients even after
the introduction of new antiretroviral treatments. Reduced
IGF-1, IGF-2 and IGFBP-3 concentrations have been reported,
suggesting a state of partial deficiency or insensitivity to growth
hormone related to clinical control and higher inflammatory
cytokine concentrations.

p<0.01
p<0.01

4
3

H O M A -IR

p<0.01

0

IL-2, IL-6 and TNF-α

5

r=-0,41

2

It has been known for several decades that HIV-infected
children have a deficient weight and height gain. Mckinney
et al [8]. Detected a reduction of weight and length in HIVinfected infants even before 24 months of age. In a study of
HIV-infected children in Ruanda, Lepage [9] observed that,
after 5 years of life, more than half of HIV infected children
had short stature and one third had low weight for age.

1 .5

1 .0

0 .5

With new antiretroviral medications and new therapeutic
schemes, the rates of opportunistic and severe infections have
decreased. Today, patients with good adherence to treatment
are able to maintain high TCD4+ lymphocyte concentrations
and a low viral load. Good disease control and appropriate
nutrition are essential to allow children growth [10]. This was
demonstrated by Ran et al [11]. In a study of Chinese children
conducted before and after the beginning of antiretroviral
therapy, weight and height Z-scores increased by 0.052 and
0.014 respectively, after two years of treatment.

0 .0

VL>1000

VL<1000

CG

Figure 3a: There was no difference in glycaemia among
the three groups and the HOMA-IR index was lower in the
VL>1000 group (0, 42) compared to the VL<1000 and CG
(respectively 1,07 and 0,85) (p<0.01). No difference was
observed between the VL<1000 group and CG
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observed that the beginning of antiretroviral therapy improved
the Z-scores of height for age although the values continued to
be lower than control.

p<0,01

Joel et al. In Botswana, reported that the prevalence of a short
stature did not significantly differ among HIV children with an
undetectable viral load and from that with treatment failure.
This finding was also observed in the present study. Although
17 patients had a viral load of less than 1000 copies/mL they
remain shorter than the non-infected children.

40
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p<0,01
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In this study, all children were clinically stable and showed no
severe or opportunistic infection during the study period. They
had no adverse reactions to the medications and all received an
appropriate protein-calorie supply. This observation suggests
that, among HIV-infected children, a good control of the
disease was not sufficient to guarantee normal growth.

10

2 .0
1 .5

This findings could be partially explained by the lower IGF1 concentrations observed in HIV-infected children especially
in those with VL>1000. Moreover, IGF-2 concentrations were
also reduced in HIV-infected children as previously described
in adults [13].

1 .0
0 .5
0 .0

VL>1000

B
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No difference was observed in serum IGF-1 concentrations
during the pubertal growth spurt between HIV-infected
adolescents and non-HIV-infected controls, although they did
observe a difference in the final adult height [14]. The present
study data suggest that height impairment and changes in
the IGF-IGFBP system could start early and maybe the late
puberty is not the ideal time for the identification of changes in
the IGF-IGFBP system.

CG
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1110

Serum TNF-α (pg/mL)
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Poor control of the disease has also been linked to higher
proteolytic activity of IGFBP-3. However, the lower IGFBP-3
described in the present paper, in parallel mainly to the chances
in IGF-I, can be better explained by decreased GH stimulus
due to a growth hormone deficiency or insensitivity.
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In this study we showed that the three main growth-stimulating
components of the IGF-IGFBP system, IGF-1, IGF-2 and
IGFBP-3, are reduced in HIV-infected children, with this
reduction being more evident in the VL >1000 copies/mL
subjects.

20
20
15
10

Another finding that contribute to explain the growth
impairment is the lower insulin concentration in the VL>1000
group associated with the negative correlation between
IGFBP-1 and insulin. This could sign to a higher inhibition of
IGF actions by IGFBP-1.

5
0

VL>1000 VL<1000

CG

On this basis, a broad view of the IGF-IGFBP system
reveals that, in the present study, HIV-infected children had
reduced IGF concentrations, with IGFs being proportionally
more linked to IGFBP-1 than to IGFBP-3, with consequent
impairment of their growth-stimulating activities even in
children with good disease control. Kessler et al. described
similar IGF-I concentrations in patients and controls, although
IGFBP-1 was proportionally elevated among the patients.

Figure 4: a) Higher IL-6 levels were observed both in the
VL>1000 group (1.24pg/mL) (P<0.01) and the VL<1000
group (2.77pg/mL) (P<0.01) compared to CG (0.08pg/mL)
b) Higher IL-6 levels were observed both in the VL>1000
group (1.24pg/mL) (P<0.01) and the VL<1000 group
(2.77pg/mL) (P<0.01) compared to CG (0.08pg/mL)

However, several studies have shown that, even with a good
control of HIV infection, these children are shorter than noninfected children. In a study from Uganda, Achan et al [12].
Pediatr Res Child Health

These changes in the IGF system seem to be linked to changes
in the immunological/inflammatory system and with cytokine
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and more studies are need to confirm a probable state of
GH deficiency or resistance, that could led to a proposal of
intervention.

concentrations in particular. Zamboni et al. detected reduced
IGF-I levels in patients with lower T CD4 + lymphocyte counts
and high IL-6 levels. In a vitro study, Wolf et al. [15], observed
that TNF-α and IL-1β inhibit GH stimulation and the synthesis
of IGF-1 in culture cells. In a study of children just before the
HAART, Van Rossum et al. [16] detected high TNF-α levels
and low IGF-1 and IGFBP-3 levels, with the levels returning
to normal after 24 weeks of therapy. Kelley [17] reported
that IL-6 reduce IGF-1 concentrations and the expression of
hepatic GH receptors in animals and in vitro, characterizing
a state of partial GH insensitivity. He also demonstrated that
TNF-α, even at low concentrations, inhibited the anabolic
action of IGF-I in murine neurons and myoblasts and in human
epithelial cells, indicating a double insensitivity to GH and
IGF-1.
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