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Abstract

Objectives. Prevention of mother-to-child HIV transmission has been globally successful leading to a decline in HIV-
infected infants. Thus, the number of HIV-exposed, but uninfected, infants is increasing. As growth is an important
indicator of child health, this study aimed to evaluate growth parameters of HIV-exposed Chinese infants. Methods.
A prospective study was conducted among HIV-exposed (HIV-infected and uninfected) infants born during 2007
to 2015 in Liuzhou, China. Their weight and length were assessed longitudinally from birth to |8 months of age
and compared with HIV-unexposed, uninfected (HUU) infants from the same region. Results. There were 467
HIV-exposed infants. Four percent of infants were HIV-infected. The mean weight-for-age (WAZ) and length-
for-age (LAZ) z scores of HIV-infected infants were significantly lower than those of HIV-exposed but uninfected
(HEU) infants during 9 to |8 months and 12 to |8 months of age, respectively. Additionally, the mean WAZ and
LAZ scores of HIV-infected infants were significantly lower than HUU infants during the first 12 months and |8
months of life, respectively. The mean WAZ and LAZ scores of HEU infants were significantly lower than HUU
infants during the first 12 months and 6 months of life, respectively. HEU infants also had a lower mean weight-for-
length z score than HUU infants during the first 6 months. Conclusion. We demonstrated poor growth among HIV-
exposed Chinese infants, including HIV-uninfected, compared with HUU infants. The results emphasize the need
for nutritional monitoring and interventions for HIV-exposed infants regardless of HIV infection status. Research is
needed on long-term growth trajectories and factors affecting growth of HIV-exposed infants in China.
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Introduction

The prevalence of human immunodeficiency virus (HIV)
among women of child-bearing ages has increased world-
wide." According to the latest information from the Joint
United Nations Program on HIV/AIDS, there were 17.8
million women living with HIV in 2016,% and approxi-
mately 1.2 million women living with HIV give birth annu-
ally.” Prevention of mother-to-child HIV transmission
(PMTCT) has been globally successful; there has been a
48% decline in the number new infections in infants in the
highly endemic HIV regions since 2010.* As a result, the
cumulative number of infants born to HIV-positive moth-
ers but uninfected is expected to increase over time.
Several studies from developed and developing
countries have focused on the health, particularly the
growth parameters, of the HIV-exposed but uninfected

(HEU) infants. A large prospective European study
revealed no major differences in growth between HEU
children and children in the general population from
birth to 10 years of age.” In a multicenter cohort study in
the United States, HEU children whose mothers initi-
ated antiretroviral therapy (ART) during pregnancy had
lower than average birth weight and length. However by
2 years of age, their mean weight Z score, length Z score,
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and weight-for-length Z score were above average.
Moreover, weight-for-length Z score at 2 years of age
was more than the 95th percentile in 13%.° In contrast, a
prospective study in Uganda found that a significant
proportion of HEU children were substantially below
the World Health Organization (WHO) growth stan-
dards for weight and height from birth to 4 years of age.’
In a longitudinal analysis comparing growth of HEU
infants and children and HIV unexposed and uninfected
(HUU) counterparts from 2 cohort studies in Zambia,
the HEU group had lower weight-for-age and length-
for-age during early childhood and these differences still
existed when children reached school age.® Some
authors have suggested that the growth differences
between American, European, and African cohorts, and
even subcohorts within Africa, of HEU infants and chil-
dren compared with the HUU may be related to specific
formula feeding versus breastfeeding practices, along
with differences in universal maternal ART and new-
born prophylaxis.”"* In one study of Ethiopian infants,
HEU infants actually had noninferior growth and higher
mean weight-for-age Z score than HUU controls."* Thus,
there appears to be conflicting results on growth in HEU
children in various settings globally. Moreover, HIV-
unexposed (uninfected) infants were not always included
as the control group for comparison in some of these
studies.

Although China remains a low-prevalence country
with the national HIV prevalence rate of 0.037%,'> HIV
cases, including women of child-bearing ages, have
been reported in nearly every province as of 2015."
The reported rate of mother-to-child HIV transmission
in China was 5.7% in 2016."”° The information on
growth among HIV-exposed, either HIV-infected or
uninfected, Chinese infants remain limited to date. We
analyzed the cohort data of pregnant women with HIV
infection and their infants who received medical care
and services at Maternal and Child Health Hospital of
Liuzhou (MCHHL). Our aims were to compare growth
parameters between HIV-infected infants and HEU
infants, and to evaluate growth differences between
infants born to HIV-infected women and infants born to
HUU women during the first 18 months of age in
Southwestern China. We also aimed to explore demo-
graphic and socioeconomic factors that might have
affected their growth trajectories.

Material and Methods

Setting

Guangxi province ranks third in the number of people
living with HIV in China."> Liuzhou is a major city in

the center of Guangxi province with a population of 3.7
million. There are approximately 100 women living
with HIV giving birth annually in Liuzhou. MCHHL is
the largest tertiary hospital that provides medical as well
as obstetric care specifically to women, infants, and
children in Liuzhou and cities nearby.

Study Population

This prospective, hospital-based study was conducted at
MCHHL between January 2007 and June 2015. All
infants born to HIV-infected women were entered into
the study after maternal written informed consent was
obtained. In this analysis, the inclusion criteria were (1)
an infant surviving at least 18 months, (2) born a single-
ton, (3) a gestational age between 37 weeks and 42
weeks, (4) a birth weight at least 2500 g, (5) having no
congenital anomalies, and (6) having at least 2 follow-
up visits after birth.

The PMTCT program at MCHHL is outlined as fol-
lows: pregnant women seeking prenatal care at MCHHL
were counseled to undergo a free HIV antibody test by
ELISA (enzyme-linked immunosorbent assay) at the
first visit. If reactive, positive samples were confirmed
by western blot immunoassay (HIV/AIDS Testing
Laboratory, Center for Disease Control of Liuzhou).
Serial, free HIV testing was provided to initially nonin-
fected women during the second trimester and at deliv-
ery. Syphilis and hepatitis B screening was concurrently
performed in early pregnancy, in the second trimester,
and at the time of delivery. Women with confirmed HIV
infection received CD4 T-cell count testing and were
prescribed combination ART from 14 weeks gestation
onward, typically containing either zidovudine with
lamivudine and lopinavir/ritonavir, or tenofovir diso-
proxil fumarate with lamivudine and efavirenz.

Infants born to HIV-infected mothers at MCHHL
received nevirapine or zidovudine prophylaxis from
birth to 4 to 6 weeks of age as well as cotrimoxazole
until HIV infection was excluded. All were followed at
1,3,6,9, 12, and 18 months of age. Blood samples were
taken at 1 month and 3 months of age for HIV DNA-
PCR (polymerase chain reaction) and at 18 months of
age for HIV antibody testing (HIV/AIDS Testing
Laboratory, Center for Disease Control of Liuzhou).
HIV-infected infants received zidovudine or stavudine
combined with lamivudine and nevirapine or efavirenz
(efavirenz was only available in tablet form and given
after 3 years of life). Free infant formula was recom-
mended and provided through 18 months of age for
every HIV-exposed infant. If the infant was found to
have poor growth, the treating physician would offer
additional advice on nutritional guidance at his/her own
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discretion. For those lost to follow-up, they were
assigned to a physician who made phone contacts to
encourage returning to care.

We utilized a cohort of HUU infants as the control
group in this study. This cohort consisted of infants born
from 2014 to 2016 to women with a negative HIV test
during pregnancy and living in Liubai district within the
city of Liuzhou. Liubai district is a national surveillance
site for pediatric nutrition and health. It was selected for
comparison in this study due to its high quality of health
data from the same geographic location as our HIV-
exposed infants with a representative economic level
and appropriate population size.

Data Collection

The birth weight and length were measured using neona-
tal scales accurate to the nearest 10 g and 1 mm at birth.
Weight and length were measured with standardized tech-
niques at each visit. Each anthropometric parameter was
measured twice and the average of 2 readings was used
for data analysis. The pregnant women’s demographic
and socioeconomic variables, including marital status,
education, and employment, were obtained at first visit.

Statistical Analysis

Demographic variables were analyzed using descriptive
statistics. Weight and length are reported as mean and
standard deviation (SD). Student’s ¢ test was used to
compare weight and length differences between HIV-
infected infant group and HEU group, HIV-infected
group and HUU group, and HEU group and HUU group.

The Z score was estimated for each anthropometric
parameter, including weight-for-age, length-for-age, and
weight-for-length, which were calculated using the 2006
WHO Child Growth Standards.'® The Z score for weight-
for-age (WAZ), for example, is calculated by subtracting
the mean weight of the reference population at the child’s
age from the child’s weight and dividing by the SD of the
weight of the reference population at that age. The Z score
results are reported as mean £ SD at each age.

All values were generated using Microsoft Office
Excel 2007, and the Z scores were calculated by using
WHO Anthro (version 3.2.2, January 2011). Statistical
analysis was performed using SPSS 23.0 software for
Windows (SPSS Inc, Chicago, IL). A significance level
of .05 was adopted in bivariate comparisons.

Ethical Approval and Informed Consent

This study was approved by the Liuzhou Maternal and
Child Health Hospital Institutional Review Board but no

reference or approval number was assigned. Women
provided written informed consent for themselves and
their infants prior to study entry.

Results

Maternal and Infants’ Demographic and
Socioeconomic Characteristics

The total number of HIV-exposed infants was 512, but 1
set of twins, 19 premature births, and 25 low-birth-
weight infants did not meet the inclusion criteria.
Therefore, a total of 467 HIV-infected mother-infant
pairs were included in this study. The mean age of the
mothers was 28.8 (+4.7) years. The majority (70.0%) of
the mothers were married, 13.6% were divorced, and
16.1% were unmarried. While 52.3% and 21.4% of the
mothers completed junior and senior high school,
respectively, 16.3% had received only primary school
education or no formal education. Over half (58.7%)
were from rural areas and nearly half (49.0%) were
housewives (Table 1). Of note, there were less C-section
deliveries in the HUU group as compared to the HIV-
infected group and HEU group.

Two thirds of the HIV-infected mothers were of
Chinese ethnic minorities, including Zhuang, Miao, and
Yao minorities, whereas the other one third were of Han
(Chinese ethnic majority). Most (81.3%) have had more
than one pregnancy; however, for 65.3% of them this
was their first delivery. The modes of delivery were
Caesarean section in 80.7% and spontaneous vaginal
delivery in 19.3%. Two thirds knew they were HIV-
positive before becoming pregnant, and one third were
diagnosed with HIV at their first prenatal visit. Of the
467 mothers, 80 mothers (17.1%) had no antenatal care
until delivery.

Among 467 HIV-exposed infants, 233 were males.
Nineteen (4.1%) were infected. The reported formula
feeding after 1 week postpartum was 100%. There were
initially 881 HUU infants. However, 100 were excluded
due to twin birth (26), prematurity (23), low-birth-
weight (31), having <2 pre- or postnatal visits (8), and
missing key data (12), resulting in 781 HUU infants
being included in this analysis. The demographic and
socioeconomic characteristics of HIV-infected infants,
HEU infants, and HUU infants and their mothers are
shown in Table 1.

Growth Comparison Between HIV-Infected
Infants and HEU Infants

Weight-for-Age. HIV-infected infants had slightly lower
mean WAZ than HEU infants at birth and the difference
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Table I. Demographic Characteristics of HIV-Infected Infants, HIV-Exposed Uninfected (HEU) Infants, and HIV-Unexposed,

Uninfected (HUU) Infants and Their Mothers.

HIV-Infected HEU HUU
Infants Infants Infants
Characteristics n % n % n % P1? p2°
Infant’s gender Boy I 579 222 49.6 406 52 610 476
Girl 8 42.1 226 504 375 48
Maternal age (year), mean = SD 31.3 = 5.1 28.7 + 4.7 29.6 + 6.3 .010 .019
Maternal marital status  Married 13 684 356 795 689 882 <.001 .023
Unmarried 3 15.8 72 16.1 67 8.6
Divorced | 53 14 3.1 I5 1.9
Others 2 10.5 6 1.3 10 1.3
Maternal highest Primary school or lower 4 21.1 73 16.3 98 125 <.00l .534
education Middle school 12 632 332 74.1 535 68.5
College or higher 3 15.8 43 9.6 148 19
Living setting Urban I 57.9 182 40.6 459 588 <.00l .134
Rural 8 42.1 266 594 322 41.2
Employment Farmer 4 21.1 109 243 170 21.8 <.001 575
Housewives I 579 218 48.7 217 27.8
Self-employed 0 0 51 1.4 9l 1.7
Worker 0 0 6 1.3 209 26.8
Migrant workers | 53 Il 25 54 6.9
Others 3 15.8 53 1.8 40 5.1
Maternal ethnicity Han 8 42.1 163 364 314 40.2 .36 .879
Zhuang 7 368 180 402 321 41.1
Others 4 21.1 105 234 146 18.7
Number of pregnancy, mean = SD 29+ 13 28+ 1.6 27+ 14 463 788
Delivery mode Vaginal 5 26.3 85 19 485 62.1 <.00l 619
Caesarean section 14 73.7 363 8l 296 379

*Pl:comparison of characteristics of HIV-exposed and HUU.
PP2: comparison of characteristics of HIV-infected and HEU.

in WAZ between the 2 groups reached statistical signifi-
cance at 9 months through 18 months of age (Table 2).

Length-for-Age. The mean length-for-age Z score
(LAZ) of HIV-infected infants was consistently lower
than that of HEU infants from birth through 18 months
of age. The differences between the 2 groups reached
statistical significance at 1, 12, and 18 months of age
(Table 2).

Weight-for-Length. There was no significant difference
between the mean weight-for-length Z score (WLZ)
among infected infants and those of HEU infants through
18 months of age (Table 2).

Growth Comparison Between HIV-Infected
Infants and HUU Infants

Weight-for-Age. The mean WAZ of HIV-infected infants
was significantly lower than that of HUU infants,

respectively, from birth to 12 months (Table 2). No sig-
nificant differences, however, were observed at 18
months of age.

Length-for-Age. The mean LAZ of HIV-infected infant
was significantly lower than that of HUU counterparts
from birth to 18 months (Table 2).

Weight-for-Length. There were no significant differ-
ences between the mean WLZ in HIV-infected infants
and HUU infants at any time measured except at birth
(Table 2).

Growth Comparison Between HEU Infants
and HUU Infants

Weight-for-Age. The mean WAZ of HEU infants was
significantly lower than that of HUU infants from birth
to 12 months of age (Table 2). No significant differences
were noted at 18 months of age.
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Table 2. Weight-for-Age, Length-for-Age, and Weight-for-Length Z Scores in HIV-Infected Infants, HIV-Exposed but
Uninfected (HEU) Infants, and HIV-Unexposed (HUU) Infants.
HIV-Infected HEU Infants HUU Infants
Infants (n = 19) (n = 448) (n =781)
Age
(Months) Mean SD Mean SD Mean SD tl® Pl 02" P2 3¢ P3
Weight-for-age Z score
0 -0.76 0.52 -0.632 061 -0.114 0.78 -0.89 37 12.09 <.0l 3612 <.0lI
I -0.592 0.71 -0.515 057 0.079 091 -0.56 .58 12.504 <.0l 3.196  <.0I
3 -0.594 1.06 -0.581 059 -0.005 0.88 -0.05 96 1235 <.0l 2.868 .004
6 -0.725 0.92 -0.708 058 -0.064 0.78 -0.13 9 15.22 <.0l 3.633 <.0I
9 -0.573 0.76 -0.263 053 -0.059 0.84 -2.38 02 464 <.0l 2.64 .008
12 -0.332 0.64 -0.078 0.46 0.104 0.57 -0.23 02 576 <.0l 3.285 .001
18 -0.441 0.53 -0.169 063 -0.089 0.96 -2.69 <.0I 1.58 14 1.591 A1
Length-for-age Z score
0 0.137 0.57 0.191  0.65 0.469 0.74 -0.36 72 6614 <0l 1.938 .052
| -0.478 0.45 -0.238 068 -0.042 0.94 -2.21 .04 3873 <.0lI 2017 .043
3 -0.673 0.93 -0.503 086 -0.025 0.95 -0.84 4 8783 <.0l 2.939 .003
6 -0.886 0.74 -0.543 088 -0.031 0.87 —-1.67 N 9.88 <.0l 4245 <0l
9 -0.607 0.75 -0.303 093 -0.215 0.65 -1.37 A7 1.94 .052  2.588 .009
12 -0.374 0.65 0.136 0.88 0.158  0.90 -2.49 .01 0.42 677  2.559 .0l
18 -0.699 0.51 -0.235 069 -0.163 0.71 -2.88 <.0l 1.728 .084 3.269 .001
Weight-for-length Z score
0 —-1.321 0.57 -1.157 055 -0.655 0.93 -1.27 2 10425 <.0I 3.106 .001
I -0.247 0.98 -0.421 075 -0.101 0.65 0.97 .33 7846 <.0l 0.953 .34
3 -0.125 1.29 -0.246 09 -0.068 0.87 0.56 .58 3408 <.0I 0.278 .78
6 -0.185 1.0l -0.409 079 -0.107 0.89 1.2 23 5.96 <.0l 0.376 .706
9 -0.31 0.98 -0.08 0.74 -0.054 0.97 -1.24 22 0491 623 1.136 256
12 -0.238 0.79 -0.169 063 -0.018 0.8l -0.46 .65 3.399 <0l 1.17 241
18 -0.157 0.74 -0.078 054 -0.006 0.88 -0.61 .54 1.57 .16 0.742 458

*tl: comparing HIV-infected infants and HEU infants.
®t2: comparing HEU infants and HUU infants.
“t3: comparing HIV-infected infants and HUU infants.

Length-for-Age. The mean LAZ of HEU infants were sig-
nificant lower than that of HUU infants during the first 6
months of life (Table 2). However, no significant differ-
ences were observed from 9 to 18 months of age.

Weight-for-Length. The mean WLZ was significantly
lower for HEU infants than HUU infants at all ages
except 9 months and 18 months of age (Table 2).

Comparison of Growth Between Male and
Female Infants Born to HIV-Infected Mothers

At birth, WAZ was similar between male and female
infants born to HIV-infected mothers. However, male
infants had significantly lower WAZ than females
from 1 month through 18 months of age (Table 3).
Moreover, LAZ for males was significantly lower than
that for females from birth to 18 months. WLZ for
males was significantly lower than that for females

from 3 months to 18 months of age. Differences in
males’ and females’ gender weight-for-age and length-
for-age Z scores were also analyzed in the HIV-
exposed (HIV-infected and HEU) infants as compared
with HUU infants and summarized in Table 4. Table 5
shows the number of infants evaluated per age-based
scheduled follow-up plan, per protocol, by gender, and
exposure status.

Data on mean weight (S1) and mean length (S2)
compared with the WHO and Chinese national stan-
dards are included in supplemental files (available
online). Data on the incidence of wasted, malnourished,
and stunted HIV-exposed compared with HIV-
unexposed subjects are available in the S3 file. Risk fac-
tor analyses for wasted, malnourished, and stunted cases
are included in the S4 file. Age-specific rates of wasted,
malnourished, and stunted cases were low (0.2% to
1.7%) and were not significant between HIV-exposed
and HIV-unexposed infants.
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Table 3. Growth Parameters of Infants Born to HIV-Positive Mothers, Compared by Gender.

Male (n = 233) Female (n = 234)
Age (Months) Mean SD Mean SD t P
Weight-for-age Z score
0 -0.690 0.60 -0.584 0.61 -1.89 .06
I -0.693 0.58 -0.343 0.53 -6.82 <.0l
3 -0.853 0.58 -0.306 0.51 10.61 <.0l
6 -0.988 0.62 -0.430 0.43 -10.99 <.0l
9 -0.564 0.54 0.015 0.36 -13.26 <.0l
12 -0.339 0.45 0.160 0.34 -13.54 <.0l
18 -0.392 0.42 0.030 0.33 -12.07 <.0l
Length-for-age Z score
0 0.050 0.65 0.327 0.62 -4.72 <.0l
I -0.426 0.66 -0.069 0.64 -5.93 <.0l
3 -0.706 0.85 -0.311 0.83 -4.99 <.0l
6 -0.802 0.87 -0.315 0.81 -6.10 <.0l
9 -0.575 0.98 -0.053 0.78 -6.23 <.0l
12 -0.099 0.92 0.326 0.78 -5.33 <.0l
18 -0.439 0.72 -0.069 0.6l -5.98 <.0l
Weight-for-length Z score
0 -1.143 0.53 -1.184 0.57 0.8l 42
| -0.393 0.80 -0.434 0.72 0.58 .56
3 -0.481 0.96 0.002 0.8l -5.82 <.0l
6 -0.590 0.90 -0.209 0.63 -5.17 <.0l
9 -0.294 0.85 0.107 0.57 -5.82 <.0l
12 -0.365 0.68 0.019 0.53 -6.77 <.0l
18 -0.245 0.56 0.083 0.49 -6.69 <.0l

Table 4. Growth Comparison Between HIV-Exposed Infants (HIV-Infected and HEU) and Unexposed Infants (HUU) Infants

by Gender, by Z scores.

Male Female
Age (Months) HIV-Exposed HUU P HIV-Exposed HUU P

Weight-for-age 0 -0.690 = 0.60 -0.141 + 0.75 <.0l -0.584 = 0.61 0.085 = 080 <.0l
Z score | -0.693 = 0.58 -0.126 = 0.89 <.0l -0.343 + 0.53 0.284 = 082 <.0l
3 -0.853 = 0.58 -0.153 = 0.32 <.0l -0.306 = 0.51 0.021 =097 <.01

6 -0.988 = 0.62 -0.078 = 0.76 <.0l -0.430 = 043 0.079 £ 0.79 <.01

9 -0.564 + 0.54 -0.487 = 0.51 .09 0.015 £ 0.36 -0.017 =£0.78 .57

12 -0.339 = 045 -0.232 + 0.63 .03 0.160 = 0.34 0.132 = 0.67 .56

18 -0.392 = 0.42 -0.341 = 0.86 41 0.030 = 0.33 -0.044 = 0.39 .02

Length-for-age 0 0.050 = 0.65 -0.106 = 0.71 <.0l 0.327 = 0.62 0.581 = 0.76 <.0l
Z score | -0.426 = 0.66 -0.129 = 0.65 <.0l -0.069 = 0.64 0.1l £093 <.01
3 -0.706 = 0.85 -0.048 = 0.97 <.0l -0.311 = 0.83 0.139 = [.19 <.0l

6 -0.802 + 0.87 -0.122 + 0.63 <.0l -0.315 081 -0.117 =073 <.0l

9 -0.575 + 0.98 -0.471 = +=0.71 15 -0.053 + 0.78 0.018 = 0.23 A3

12 -0.099 = 0.92 0.01l =0.73 12 0.326 = 0.78 0.231 = 0.67 .14

18 -0.439 = 0.72 -0.411 + 0.83 .67 -0.069 = 0.61 0.012 = 0.49 .07

Discussion particularly from 9 months onward and at 1, 12, and 18

We found that HIV-infected Chinese infants in Liuzhou
in southwest China demonstrated poorer growth in both
weight-for-age and length-for-age than HEU infants

months, respectively. Our findings conform to some

prior studies. In the European Collaborative Study eval-
uating more than 1500 infants born to HIV-infected
women, HIV-infected infants were significantly shorter
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Table 5. Number of Infants Present per Age-Based Scheduled Follow-up Visit, by Gender and Status.

HIV-Unexposed Infants

HIV-Exposed Infants (n = 467) (n =781)
Boy Girl
Age (Months) Infected Uninfected Infected Uninfected Boy Girl
0 Il 222 8 226 406 375
| Il 222 8 224 395 361
3 Il 218 8 218 385 347
6 Il 210 8 214 358 320
9 Il 212 7 214 330 304
12 Il 218 8 223 317 278
18 Il 222 8 226 406 375

and lighter than uninfected infants with growth differ-
ences increasing with age.’ In the US-based Women and
Infants Transmission Study, HIV-infected infants had
significant decrements across all standardized growth
measures compared with uninfected infants from birth
through 18 months of age.'” In a large PMTCT trial in
Uganda, Africa, mean growth of HIV-infected infants
was significantly lower than uninfected infants for
weight, height, and head circumference and such differ-
ences persisted over 5 years of follow-up.” A South
African study concluded that HIV infection and not
mere exposure was associated with low growth veloci-
ties early in life."’ Advanced HIV disease with immuno-
suppression and high HIV viral load levels have been
identified as significant predictors of weight growth fail-
ure."®" It has also been suggested that reduced dietary
intake may play an important role relating to growth fal-
tering among HIV-infected infants.® A study from
China reported growth improvements after 24 months of
antiretroviral treatment among 744 HIV-infected chil-
dren (median age 6.3 years), with the changes in mean
WAZ from —1.06 to —0.60 and in mean height-for-age Z
score from —1.71 to —1.30.*' Therefore, early provision
of effective antiretroviral therapy, proper prophylactic
measures, and prompt treatment of opportunistic com-
plications, along with age-appropriate nutrition support
and education are the keys to improve overall growth
among HIV-infected infants.

Our study also demonstrates that growth of HEU
Chinese infants was inferior to that of HUU infants in
almost all age categories measured in regard to WAZ,
LAZ, and WLZ. The exposure to maternal HIV infec-
tion not only had the adverse effect on birth weight and
length, but may have also had potential deleterious
effects on early growth trajectory. In a prospective study
in Uganda, there was sustained lower weight and height
compared with the WHO growth standards among HEU
infants up to 5 years of age.” A cross-sectional,

population-based survey from Botswana showed that
HEU children <1 year and =2 years of age had 1.9 and
1.4 times the risk of stunting (ie, LAZ less than 2 SD)
compared with HUU children.”” However, there was no
significant difference in risk of wasting (ie, WLZ less
than 2 SD) or underweight (ie, WAZ less than 2 SD) for
HEU versus HUU children in that study. A longitudinal
analysis of 2 cohorts from Zambia indicated that, after
adjusting for socioeconomic status and maternal educa-
tion, HEU children had lower weight-for-age and length-
for-age than HUU children and the difference persisted
to school age.® A retrospective, cross-sectional, single-
center study in the United States demonstrated signifi-
cantly lower birth weight for HEU infants as compared
with HUU infants.”® A multicenter cohort study in the
United States showed that HEU infants had lower than
average birth weight and length; however, 13% were
obese by 2 years of age.’ In contrast, the European
Collaborative Study found that HEU infants and chil-
dren had normal growth pattern from birth to 10 years of
age.” Additionally, in contrast, at 9 to 12 months of age,
HEU infants had noninferior growth and attained a
higher WAZ than HUU controls.'* Finally, as noted in
the introduction, numerous references have begun to
suggest that the growth differences between American,
European, and African cohorts, and even subcohorts
within Africa, of HEU compared with HUU infants and
children may be related not to simply maternal HIV
exposure but to specific local formula feeding versus
breastfeeding practices, along with differences in uni-
versal maternal ART and newborn prophylaxis.’"?

With the success of PMTCT, the HEU population is
likely increasing worldwide necessitating specific health
monitoring including growth and nutrition. Low weight
and weight loss has been associated with acute malnutri-
tion, whereas chronic malnutrition has been linked to
poor length gain and inferior neurocognitive develop-
ment."® The causes for growth faltering, if present, seen
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among HEU Chinese infants in our study are likely to be
multifactorial. There is evidence that antiretroviral drug
use during pregnancy is associated with in utero growth
deficits.”* The lower weight among HEU infants in that
study was corrected during the first 6 month of life; this
is also evidenced in our study as WAZ in HEU infants
improved with age. A report from South Africa indicates
the possibility of a transient immunodeficiency state in a
group of HEU infants that led to serious infectious mor-
bidity, and this could further affect their growth.”
Certainly, poor maternal health and maternal nutritional
status as the result of HIV infection has been shown to
be associated with adverse fetal as well as early infancy
growth.”® Last, low socioeconomic status commonly
seen among HIV-affected families could bear a negative
impact on maternal health as well as access to care,
which could ultimately impair infants’ growth. The fact
that majority of HIV-infected mothers in our study had
only primary or middle school education, half were not
employed, and approximately two thirds were of ethnic
minorities may place them at socioeconomic disadvan-
tages. Additionally, it is concerning that 17% had no
antenatal care thercfore missing the opportunity to
receive proper HIV care for her own health and for the
prevention of HIV transmission to her infant(s). A sys-
tematic review of PMTCT programs in China indicates
several levels of barriers to the prevention programs
including the lack of supporting policy and multisector
cooperation, the knowledge gap in HIV prevention, the
lack of training among providers, discriminatory atti-
tudes toward HIV-infected persons, and the accessibility
to health care system; thus, the government’s role in
multisector coordination and the acceptability and
accessibility of the service are critical to the success of
PMTCT in China.”’

Several limitations exist in this study. First, premature
infants and low-birth-weight infants were excluded.
Therefore, the growth deficits among HIV-exposed
infants reported in this study could be underestimated.
Second, no data on medical conditions or HIV treatment
besides HIV infection status of infants and women were
available. Such information may have helped explain dif-
ferences in growth in the study. Third, the comparison of
demographic and socioeconomic variables between HIV-
infected infants and HEU infants is difficult due to the
small sample size of HIV-infected infants. Fourth, the
data collection of the study population and the control
population (HUU mother-infant pair) was conducted
through different systems and different time periods,
although from the same geographic location, but may
give an advantage to the control group. Moreover, we do
not have the detailed infant feeding information that could
significantly influence the different growth patterns. Last,

the results of our study which was conducted in southwest
China may not be generalizable to other regions of the
country where socioeconomic settings may be different.

Conclusion

We demonstrated poor growth among HIV-exposed
Chinese infants, including HIV-infected and HEU
infants, compared with HUU infants. The growth defi-
cits identified in this study emphasize the heightened
vulnerability of infants born to HIV-infected Chinese
women, regardless of whether the infants become
infected or not. The results highlight the need for early
nutritional monitoring, counseling, and long-term fol-
low-up and support for HIV-exposed Chinese infants
and their families through policy making and commu-
nity-based services. Moreover, there is a critical need for
early identification of HIV infection among pregnant
women in China in order to initiate proper HIV care for
her own health as well as for her unborn child.
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