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Abstract

Background: There have been few population-based studies
describing the risk of adverse neonatal outcomes among women
living with HIV in Canada. Accordingly, we compared the risk
of preterm birth (PTB), low birth weight (LBW) and small for
gestational age births among Ontario women aged 18 to 49 years
living with and without HIV infection.

Methods: We conducted a population-based study using Ontario
health administrative data. Generalized estimating equations
with a logit link function were used to derive adjusted odds ratios
(aORs) and 95% confidence intervals for the association of HIV
infection with adverse neonatal outcomes.

Results: Between 2002—-2003 and 2010-2011, a total of 1 113 874
singleton live births were available for analysis, of which 615
(0.06%) were to women living with HIV. The proportion of singleton
births that were SGA (14.6% vs. 10.3%; P < 0.001), PTB (14.6%
vs. 6.3%; P <0.001), and LBW (12.5% vs. 4.6%; P < 0.001) were
higher among women living with HIV than among women without
HIV. Following multivariable adjustment, the risks of PTB (aOR
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1.76; 95% Cl 1.38 to 2.24), SGA (aOR 1.43; 95% Cl 1.12 to 1.81),
and LBW (aOR 1.90; 95% CI 1.47 to 2.45) were higher for women
living with HIV than for women without HIV.

Conclusion: Women with HIV are at higher risk of adverse neonatal
outcomes than HIV-negative women. Further research is required
to develop preconception and prenatal interventions that could
reduce the excess burden of poor pregnancy outcomes among
women living with HIV.

Résumé

Contexte : Peu d’études en population générale ont décrit le risque
d’issues néonatales indésirables chez les femmes vivant avec le
VIH au Canada. Par conséquent, nous avons comparé les risques
d’accouchement préterme (APT), de faible poids de naissance
(FPN) et d’hypotrophie feetale (HF) chez des Ontariennes de 18-
49 ans vivant ou non avec le VIH.

Méthodes : Nous avons mené une étude en population générale au
moyen de données administratives sur la santé en Ontario. Des
équations d’estimation généralisées comptant une fonction Logit
ont été utilisées pour en venir a des rapports de cotes corrigés
(RCc) et a des intervalles de confiance a 95 % en ce qui concerne
I'association entre l'infection au VIH et des issues néonatales
indésirables.

Résultats : Entre 2002—-2003 et 2010-2011, 1 113 874 naissances
vivantes issues de grossesses monofoetales étaient disponibles
aux fins de I'analyse, 615 (0,06 %) desquelles mettaient en jeu
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des femmes vivant avec le VIH. La proportion de naissances
issues de grossesses monofcetales qui présentaient une HF
(14,6 % vs 10,3 %; P < 0,001), un APT (14,6 % vs 6,3 %;

P <0,001) et un FPN (12,5 % vs 4,6 %; P < 0,001) était plus
élevée chez les femmes vivant avec le VIH que chez les femmes
n’étant pas infectées par ce dernier. A la suite d’une correction
multivariée, les risques d’APT (RCc, 1,76; IC a 95 %, 1,38 - 2,24),
d’HF (RCc, 1,43; 1C 2 95 %, 1,12 - 1,81) et de FPN (RCc, 1,90;
IC a 95 %, 1,47 - 2,45) étaient plus élevés chez les femmes vivant
avec le VIH que chez les femmes n’étant pas infectées par ce
dernier.

Conclusion : Les femmes vivant avec le VIH sont exposées a des
risques d’issues néonatales indésirables plus élevés que les
femmes séronégatives pour le VIH. La tenue d’autres recherches
s’avere requise pour que I'on puisse élaborer des interventions
préconceptionnelles et prénatales qui pourraient atténuer le
fardeau supplémentaire que doivent assumer les femmes vivant
avec le VIH en matiere de piétres issues de grossesse.

J Obstet Gynaecol Can 2015;37(4):302-309

INTRODUCTION

In 2011, women constituted 23.3% of people living
with HIV in Canada. The vast majority (87.6%) of
these women were of reproductive age.'” These statistics
are similar in Ontario, which is home to over 40% of the
national population of persons living with HIV.! Women
of reproductive age also represent the fastest growing
group of persons living with HIV in Ontario,"* and
motherhood is both important to and desired by many of
these women.*” In addition, pregnancies among women
living with HIV in Ontario account for one third of the
total in Canada, with gradual but significant increases in
the number of HIV-affected pregnancies over time.* In
this context, studies examining the risk of adverse birth
outcomes among women living with HIV are essential
for the design and evaluation of services to optimize the
health of these women and their children.

However, despite the increase in the number of women
living with HIV who are considering motherhood and
becoming pregnant, there are no population-based data
describing infant outcomes among HIV-infected women
in Canada apart from those arising from surveillance of
vertical transmission rates.® Previous risk estimates of
adverse neonatal outcomes among women with HIV

ABBREVIATIONS

aOR adjusted odds ratio

GEE generalized estimating equations
LBW low birth weight

PTB preterm birth

R-GINDEX Revised-Graduated Prenatal Care Utilization Index

have been derived largely from cohorts that were not
population-based in nature, and have additional limitations
which render their findings non-generalizable to the
Canadian setting. These limitations include variability in
maternal health insurance status and a lack of controlling
for important determinants of neonatal outcomes, such as
immigration status, maternal comorbidity, socioeconomic
status, and adequacy of prenatal care.””"*

In view of the lack of Canadian estimates of adverse
neonatal outcomes among women living with HIV and the
limitations of earlier studies, we conducted a population-
based study comparing the risk of preterm birth, low birth
weight, and small for gestational age births among women
living with and without HIV infection in Ontario. We selected
these outcomes because they are commonly used indicators
of perinatal health, thereby facilitating comparisons across

jurisdictions and vatious time petiods.” '

METHODS

We conducted a population-based study of the outcomes
of deliveries in women living with HIV who were residing
in Ontario between April 1, 2002, and March 31, 2011.
Ontario  has single-payer,
administered health care system. All permanent residents
are therefore eligible to receive publicly funded physician
and hospital care.

a  universal government—

We obtained data from Ontario’s administrative health
databases. These datasets were linked using unique,
encoded identifiers and analyzed at the Institute for
Clinical Evaluative Sciences. We identified all singleton live
births to all Ontario women between the ages of 18 and 49
using the MOMBABY database, which deterministically
links the Canadian Institute for Health Information
Discharge Abstract Database inpatient admission records
of all mothers and their newborn infants. From within
this cohort, we identified women living with HIV using
the Ontario HIV Database, an administrative data registry
of Ontario residents with diagnosed HIV infection which
was generated using a previously validated case-finding
algorithm."” The definition of three physician claims with
an International Classification of Diseases, Ninth Revision
code for HIV infection (042, 043, 044) within a three-year
period has a sensitivity of 96.2% (95% CI 95.2% to 97.9%)
and a specificity of 99.6% (95% CI 99.1% to 99.8%) for
identifying persons living with HIV."

We obtained hospitalization data from the Canadian
Institute for Health Information Discharge Abstract
Database, which contains detailed clinical information
regarding all hospital admissions in Ontario. We used the
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Ontario Health Insurance Plan database to identify claims
for physician services such as prenatal care, and used
validated disease registries to define the presence of diabetes
and hypertension.'"” We obtained basic demographic data
from the Registered Persons Database, a registry of all
Ontario residents eligible for health insurance. We used
the Ontario Mental Health Reporting System database to
identify admissions to adult-designated inpatient mental
health beds in psychiatric and non-psychiatric facilities
in Ontario. We adjusted for differences in comorbidity
by calculating the number of Johns Hopkins Aggregated
Diagnosis Groups for each woman, using the Johns Hopkins
Adjusted Clinical Group system.”” We derived ecologic
measures of neighbourhood instability and deprivation
(two dimensions of the Ontario Marginalization Index)
using the 2006 Canadian Census.”’ We determined the
adequacy of prenatal care using the Revised-Graduated
Prenatal Care Utilization Index.” The R-GINDEX is a
summary measure of prenatal care, and is calculated on
the basis of the number of visits for prenatal care and the
trimester in which care began, taking gestational age into
account. Finally, we used the Citizenship and Immigration
Canada Database to identify women who had immigrated
to Ontario. These databases were linked in an anonymous
fashion using encrypted health card numbers, and are
routinely used for population-based research examining
maternal and neonatal outcomes.**

The primary outcomes were SGA, LBW, and PTB among
all singleton births during the study period. Infants
considered to be SGA were those with a birth weight
below the tenth percentile appropriate for gestational age,
ethnicity, and sex.”” We classified infants weighing less
than 2500 grams as LBW. Finally, any birth that took place
before 37 completed weeks was considered preterm.

We compared baseline characteristics of mothers living
with and without HIV using one-way analysis of variance
for continuous variables, Cochrane-Armitage tests for
ordinal variables, and chi-square tests for categorical
variables. We used multivariable generalized estimating
equations with a logit link function and an exchangeable
correlation structure to derive adjusted odds ratios and
95% confidence intervals for the association of HIV
infection with adverse neonatal outcomes. We used GEE
models to account for multiple pregnancies from the
same woman during the follow-up period. We adjusted
all models for variables known to influence the risk of
adverse neonatal outcomes, including age, parity, world
region of birth, time since immigration, mode of delivery,
maternal comorbidity, adequacy of prenatal care, and
neighbourhood instability and deprivation. Because the
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GEE method is not a likelihood-based method, we used the
quasi-likelihood under the independence model criterion
both to ascertain the appropriateness of the exchangeable
correlation structure relative to other working correlation
matrices and to assess the fit of our regression models.”* In
all analyses, the reference group was HIV-negative women.

All statistical analyses were conducted using SAS version
9.3 (SAS Institute Inc., Cary, NC).

We obtained ethics approval for this study from the
Research Ethics Board of Sunnybrook Health Sciences
Centre.

RESULTS

We identified 1 113 874 singleton live births between
2002-2003 and 2010-2011, of which 615 (0.06%) wete
to women living with HIV. Relative to HIV-negative
women, more women living with HIV were between 34
and 49 years of age (25.5% vs. 20.8%; P = 0.004) and
were immigrants to Ontario (48.3% vs. 25.9%; P < 0.001).
Women living with HIV were less likely to have had
adequate prenatal care (27.6% vs. 37.7%; P < 0.001), but
more likely to have a prior mental health hospitalization
in the preceding five years (3.7% vs. 0.9%; P < 0.001),
and a previous Caesarean section (37.6% vs. 27.2%;
P <0.001) (Table 1). There was no difference between
women living with and without HIV in terms of the
prevalence of selected comorbidities that may influence
the risk of adverse neonatal outcomes, including diabetes,
gestational diabetes, and hypertension (Table 1). Women
living with HIV and their infants had longer mean lengths
of hospital stay, and a greater proportion of infants born
to women with HIV required admission to NICU (20.0%
vs. 11.9%; P < 0.001) (Table 1).

The proportion of singleton births that were SGA (14.6%
vs. 10.3%; P < 0.001), PTB (14.6% vs. 6.3%; P < 0.001), and
LBW (12.5% vs. 4.6%; P < 0.001) were higher in women
living with HIV than in women without HIV. Following
multivariable adjustment, the risks of PTB (aOR 1.76;
95% CI 1.38 to 2.24), SGA (aOR 1.43; 95% CI 1.12 to 1.81),
and LBW (aOR 1.90; 95% CI 1.47 to 2.45) remained higher
for women living with HIV than for women without HIV
(Table 2).

DISCUSSION

We found an increased risk of adverse neonatal outcomes
among women living with HIV relative to women without
HIV. Although the rate of vertical HIV transmission
among women living with HIV in Canada is very low,’ this
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Table 1. Baseline characteristics

HIV pregnancy

Non-HIV pregnancy

Characteristic n=615 n=1113 259 P
Mother’s age at delivery, years

18 to 34 458 (74.5) 881796 (79.2) 0.004

351049 157 (25.5) 231 463 (20.8)
Neighbourhood income quintile

1 (lowest) 297 (48.3) 245 424 (22.0) < 0.001

2 136 (22.1) 221795 (19.9)

3 64 (10.4) 226 430 (20.3)

4 70 (11.4) 229961 (20.7)

5 44 (7.2) 185 342 (16.6)

Missing <5 4307 (0.4)
Time since immigration, years

Oto4 155 (25.2) 138 437 (12.4) < 0.001

5t09 88 (14.3) 75 359 (6.8)

210 54 (8.8) 74 471 (6.7)

Non-immigrant 318 (51.7) 824 992 (74.1)
Region of birth

Africa 222 (36.1) 22 169 (2.0) < 0.001

Caribbean 26 (4.2) 16 433 (1.5)

Other regions 49 (8.0) 249 665 (22.4)

Canada 318 (51.7) 824 992 (74.1)
Comorbidities

Diabetes 12 (2.0) 19 847 (1.8) 0.752

Gestational diabetes 34 (5.5) 55 680 (5.0) 0.549

Hypertension 22 (3.6) 29 149 (2.6) 0.137

Pregnancy-induced hypertension 22 (3.6) 48 443 (4.4) 0.347

Mental health hospitalization 23 (3.7) 9691 (0.9) < 0.001
Median weeks of gestation at delivery (IQR) 38 (37 to 40) 39 (38 to 40) <0.001
Median parity (IQR) 0(0to1) 0(0to1) 0.064
Mode of delivery

Caesarean section 231 (37.6) 302 504 (27.2) < 0.001

Induced labour 111 (18.0) 234 315 (21.0) 0.068
Sex of infant, male 306 (49.8) 571552 (51.3) 0.432
Median birth weight, g (IQR) 3180 (2810 to 3550) 3420 (3090 to 3750) < 0.001
NICU admission 123 (20.0) 132 238 (11.9) < 0.001
Median (IQR) maternal LOS, days 3.0(2.0t0 4.0) 2.0(1.0t0 3.0) < 0.001
Median (IQR) infant LOS, days 3.0(2.0t0 3.0) 2.0(1.0to0 3.0) < 0.001
Aggregated diagnosis groups

Median (IQR) 6(4t09) 4 (3t0 6) < 0.001
R-GINDEX category

Adequate 170 (27.6) 419 153 (37.7) < 0.001

Inadequate 94 (15.8) 156 172 (14.0)

Intensive 50 (8.1) 56 332 (5.1)

Intermediate 298 (48.5) 480 246 (43.1)

Missing 0(0.0) 1356 (0.1)

continued
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Table 1. Continued

HIV pregnancy Non-HIV pregnancy

Characteristic n=615 n=1113 259 P
Material deprivation quintile
1 (least deprived) 66 (10.7) 290 837 (26.1) < 0.001
2 70 (11.4) 228 756 (20.5)
3 90 (14.6) 210 132 (18.9)
4 117 (19.0) 188 042 (16.9)
5 254 (41.3) 181 208 (16.3)
Missing 18 (2.9) 14 284 (1.3)
Residential instability quintile
1 (least instability) 72 (11.7) 297 877 (26.8) < 0.001
2 67 (10.9) 224 601 (20.2)
3 67 (10.9) 165 539 (14.9)
4 141 (22.9) 211 395 (19.0)
5 250 (40.7) 199 563 (17.9)
Missing 18 (2.9) 14 284 (1.3)

IQR: interquartile range; LOS: length of stay

All data are n (%), unless otherwise stated.

Table 2. Association between HIV and preterm birth, low birth weight, and small for gestational age

HIV pregnancy Non-HIV pregnancy Unadjusted odds ratio Adjusted odds ratio*

Neonatal outcome n (%) n (%) (95% Cl) (95% ClI)

Preterm birth 90 (14.6) 70178 (6.3) 2.48 (1.96 to 3.14) 1.76 (1.38 to 2.24)
Low birth weight 77 (12.5) 51353 (4.6) 2.90 (2.26 t0 3.72) 1.90 (1.47 to 2.45)
Small for gestational age 90 (14.6) 114 192 (10.3) 1.49 (1.17 to 1.90) 1.43 (1.12to0 1.81)

*Models adjusted for age, parity, world region of birth, time since immigration, delivery method, induced labour, maternal comorbidity (using Aggregated
Diagnosis Groups), adequacy of prenatal care and neighbourhood instability and deprivation

study reveals substantial non-infectious neonatal morbidity
in the context of HIV infection. Our results indicate that
at least one in seven pregnancies to women with HIV is
complicated by SGA or PTB.

Our findings of increased risk of PTB, LBW, and SGA
infants in women living with HIV compared to women
without HIV are similar to those of other studies
conducted in different settings.”"**~*> However, there are
several factors that preclude the generalizability of these
findings to the Canadian setting. First, most previous
studies did not include the entire target population of
women with HIV or have access to the entire population
of non-HIV infected mothers for comparison, as they
were not population-based. In addition, few cohorts of
HIV-infected pregnant women described in the literature
approximate the ethnic diversity found within Ontario. In
our previous study, we found that the proportion of HIV-
infected mothers originally from Africa and the Caribbean
increased from 26.7% in 2002 to 2003 to 51.6% in 2009
to 2010.” These women may face several challenges when
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accessing prenatal care, including lack of familiarity with the
health care system, inadequate housing, financial barriers
for child care and travelling to prenatal appointments,
and language barriers.”” Finally, several studies were
confounded by variation in health insurance status, an
important determinant of obstetrical care,”**'%7
in Canada these services are covered by universal health
insurance for all women eligible for health care.

whereas

The mechanisms responsible for the increased risk of
adverse neonatal outcomes among women living with HIV
are pootly understood. PTB and LBW may be explained
by protease inhibitor-mediated disruptions in progesterone
synthesis.® In addition, antiretroviral associated immune
reconstitution may elicit changes in circulating cytokine levels
that induce the premature onset of labour.*
an association between adverse neonatal outcomes and
antiretroviral therapy has not been uniformly endorsed in
the literature, with several studies discounting a causal role
for these drugs."* Furthermore, women living with HIV
require antiretroviral therapy during pregnancy to prevent

However,
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perinatal HIV transmission and maintain their own health.
Consequently, not taking these drugs during pregnancy is
not a feasible option for women living with HIV. Several
placental abnormalities associated with LBW and PTB have
been observed with greater frequency in women living with
HIV than in non-infected women, including fibrotic lesions,
intervillous thrombi, villous immaturity, succenturiate lobes,
and velamentous insertions.* In addition, social determinants
of maternal health such as stigma, racism, stresses of
immigration, and residence in marginalized neighbourhoods
may augment the negative effect of underlying HIV infection
in our population of women living with HIV. Ultimately, it
is likely that biologic and social factors are components of
causal pathways that result in adverse neonatal outcomes
among women with HIV, and further research will be required
to identify those factors amenable to intervention.

The findings of this study are strengthened by the
population-based nature of the data, thereby allowing
us to include all women who delivered a baby in an
Ontario hospital over the nine-year study period. In
addition, unlike previous studies, we were able to derive
risk estimates that were adjusted for maternal region of
birth, adequacy of prenatal care, maternal comorbidity,
and neighbourhood characteristics that could influence
maternal and neonatal health. However, our study has
some limitations. We did not have data from births that
occurred outside a hospital or among women without
provincial health insurance. However, it is estimated
that this only accounts for approximately 1.1% of all
births in Ontatio.” Our databases do not include clinical
information or reliable estimates of antiretroviral drug
use. However, we obtained supplemental data regarding
antiretroviral therapy and perinatal transmission from the
Canadian Perinatal HIV Surveillance Program (extracted
for 614 births to women living with HIV in Ontario for the
period covered by our study), which indicates that 86.5%
of women with HIV received combination antiretroviral
therapy, and only 8.5% received no therapy during their
pregnancy (Canadian Perinatal HIV Surveillance Program,
personal communication). Of the women on combination
antiretroviral therapy, the majority (78.9%) received
protease inhibitors, and the risk of vertical transmission
was 1.1%. Viral load data were available for 91% of women
during the period encompassing 2006 to 2011, and among
these 82.8% attained virologic suppression below the limits
of detection (50 copies/mL), with a further 10.3% being
supptessed to less than 1000 copies/mlL. The time when
the assessment of viralload was obtained relative to delivery
was recorded for 37% of women (n = 146), with the
median being 19.5 days before delivery (Canadian Perinatal
HIV Surveillance Program, personal communication). We

cannot be certain of the generalizability of our findings
to other countries. However, it is possible that our results
are contextually transferable to other settings with single-
payer universal health care systems. Finally, we had no data
on important determinants of adverse neonatal outcomes,
including smoking, alcohol consumption, and drug use,
and maternal BMI. It is therefore possible that residual
confounding could account for some of our findings.

While the long-term health of infants born to women with
HIV is a topic for future research, it is known that preterm
infants are at an increased risk of short-term complications
following delivery such as perinatal asphyxia, hypothermia
and hypoglycaemia, and mortality.* Further, infants who
are small at birth have increased rates of cardiovascular
disease and non-insulin-dependent diabetes as adults.**
Consequently, it is imperative that clinicians, social scientists,
and basic scientists work together to develop and examine
pre-conception and pregnancy services tailored to mitigating
the effects of biological, behavioural, and social determinants
of adverse neonatal outcomes in women living with HIV.

CONCLUSION

Our population-based study indicates that the risk of
LBW, PTB, and SGA are higher among women living with
HIV than among HIV-negative women. Our findings have
important implications for the management of pregnant
women living with HIV.
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