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ABSTRACT
Birth registratic  data were used to describe birth weight trends for term singletons orn
to residents of Newfoundland and Labrador from 1992-2005, and identity mat 1al and
neighbourho I-level risk factors for high and low ~ th weight outcomes. A significant
decrease in low birth weight from 1992 to 19¢ was accompanied by significant
increases in  2an birth weight and high birth weight. Low birth weight was significantly
associated with female infants, mothers aged 35+, mothers not legally married, separated,
widowed or divorced, mothers living in neighbourhoods in the lowest socioeconomic
status decile, mothers having less than high school ucation, hypertension, and smoking
during pregi acy. High birth weight was significe ly associated with parity, education
beyond high school, and mothers who were anemic or had insulin dependent diabetes

mellitus. R s of high birth weight will likely cont ue to rise given current trends.
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CHAPTER 1

INTRODUCTION

1.1 Backgra 1d of Study

Pregnancy and birth are the first of several definitive life events that shape health
outcomes w 1in the course of an individual's lifetime (Larson, 2007). Within this
context, a child’s weight is one of the most important factors influencing health and is a
significant determinant of infant mortality and morbidity. Birth weight has become
among the most frequently employed indicators of population health status and is
considered important by groups such as the World Health Orge zation for monitoring

global progress in health (Ng and Wilkins, 1994).

The availability of reliable vital statistics data in countries around the world has allowed
for the monitoring of birth weight trends over the past several decades. Vital statistics
data from Canada for the years 1961 to 2000 indicate an overall increase in mean birth
weight, dec ase in rates of low birth weight, and increase in rates of high birth weight
(Ng and Wilkins, 1994; Nault, 1997; Ananth and Wen, 2002: Wen et al., 2003; and
Health Car 2003). While birth weight appears to be increasing in industrialized
nations, less developed countries continue to report high rates of infants born below the

optimal we it range.



Researchers have rigorously investigated the factors influencing birth weight outcomes.
Studies have focused on the factors that intfluence gestational age at birth d fetal
growth. Ca ories of factors found to be associated with birth weight include genetic
factors; envi nmental characteristics; demographic, social and cultural characteristics;

nutritional v: ables; medical factors; and maternal practices.

1.2 Rationale

The relative contribution of factors influencing birth weight varies from one population to
the next ar  must be examined within individu  populations. Population-specific
knowledge of ese factors can have important implications for :rinatal programming
and planning and is the most effective means by which birth weight outcomes, and in turn
health, can be improved in any given population.  formation on birth weight trends in
Newfoundland and Labrador is limited due to the unavailability of electronic birth weight
data prior to 1992. A population-based study of this kind has not been conducted in
Newfoundland and Labrador. This research will contribute to the overall understanding
of birth weight and factors contrit v atou Newfoundland
and Labrador. This information may influence the delivery of g 1atal care by focusing
on women 10 may be at higher risk for having high or low birth weight infants. The
study can also guide initiatives aimed at improvii  birth weight outcomes and in turn

improve the health of infants, children, and adults in Newfoundland and Labrador.




1.3 Objectives

1. To describe the distribution of birth weight and explore trends in birth weight
rates Newfoundland and Labrador for infants born between 1992 and 2005.

2. To it :stigate whether any observed trends in birth weight are accompanied by
chan s in maternal socio-demographic characteristics, including age, marital
status, education, and parity.

3. To identity individual and community-level risk factors for low birth weight and

high birth weight in Newfoundland and Labrador.

1.4 Qutline

Following 1 s introductory chapter, Chapter 2 will summarize a varicty of research
including birth weight as a health indicator, Canadian and international trends in birth
weight, birth weight as a determinant of child health, and the factors influencing birth
weight outcomes. ( apter 3 will outline the methodology used in conducting this
research inclu ng a description of the data source, study population, independent and
dependant variables, and methods used for analysis. Chapter 4 will present the results
including a description of the study population, geographic and temporal trends int h
weight, and predictors of low and high birth weight outcomes in Newfoundland and
Labrador. Chapter 5 will follow with a discussion of the results with comparisons and
contrasts to  ‘evious work in this area and a discussion of the strengths and limitations of
the study. Chapter 6 will conclude with a summary of findings, recommendations for the

public health con unity, and reference to possible future work in this













birth weight and census tract clusters with low income, unemployment, and low
education. The study also found that younger mothers tended to give birth to lighter
babies and that low birth weight was significantly more likely among unwed mothers.
Tough, Sver Johnston and Schopflocher (2001) examined the impact of infant and
maternal factors on preterm delivery and low birth weight in Alberta between 1994 and
1996. They found that the odds of delivering a low birth wei; t infant were higher
among unm ‘ied mothers (Odds Ratio (OR) = 1.18, 95% Contidence Interval (CI) =
1.08-1.29) and others aged 35 years or older (OR = 1.60, 95% CI = 1.40-1.94). Ina
follow-up sty by Tough et al. (2002), maternal age of 35 years or greater was again

associated with low birth weight (RR 1.2, 95% CI 1.1-1.2).

Researchers ave also used data extracted from antenatal and medical charts to study the
effects of maternal demographic factors on perinatal outcomes. In an investigation of the
perinatal eftects of delayed childbearing in Nova Scotia , Joseph et al. "~705) found that,
relative to mothers aged 20 to 24 years, women aged 30 to 34 years were more likely to
have a small for gestational age infant (adjusted RR 1.11, 95% CI 1.04-1.18). The rate
ratio increa 1 to 1.29 (95% CI 1.17-1.42) for women aged 35 to 39 years, and to 1.66
(95% CI 1.35-2.04) for women aged 40 years or greater. Ano er study conducted in
Nova Scotia obtained women’s family income as a measure of socioeconomic status,
through a linkage to income tax records, to determine the effect of socioeconc ic status
on perinati outcomes (Joseph, Liston, Dodds, Dahlgren, and Allen, 2007). The

investigator found that those in the lowest income group had a significant higher rate of



small-for-ges tional-age live births (adjusted RR 1.34, 95% CI 1.18-1.53) compare to

women in the highest family income group.

As previous  stated, community-level measures are often used to determine the
association t ween socio-demographic factors and birth weight outcomes. Using birth
registration ¢ a in Quebec, Luo, Wilkins and Kramer (2006} examined the associations
of maternal ation and neighbourhood income with birth outcomes, including small-
for-gestational :e. Information on maternal education was obtained directly from birth
registration certificates, whereas neighbourhood income levels were derived using
maternal pc codes reported on birth registrations that were linked to census
enumeratior -eas. The research team created neighbourhood income quintiles to reflect
the relative socioeconomic status of the neighbourhood in which the mothers lived, as
compared w 1 other neighbourhoods within the same census metropolitan area or census
agglomeration. A neighbourhood income quintile was assigned to each birth based on
the enumeration area of the mother’s place of residence. The study found that mothers
living in po« :r neighbourhoods were much more likely to be unmarried, younger than 20
years of age, and not to have graduated from high school, and they were much less likely
to be 35 y¢ s of age or older. Compared with women in the highest neighbourhood
income quintile, women in the lowest quintile were significantly more likely to have a
small-for-gestational age baby (OR 1.18, 95% CI 1.15-1.21) and low birth weight baby
(OR 1.38, 1% CI 1.34-1.41). Furthermore, compared with mothers who had post-

secondary education, mothers who had not completed high schoc were also si_ ficantly



more likely to have a small-for-gestational age infant (OR 1.86, 95% CI 1.82-1.91). The
investigators concluded that individual, and to a lesser extcnt neighbourhood-level,
socioeconomic status measures are indicators for subpopulations at risk of adverse birth

outcomes.

Not surprisingly, studies of determinants of macrosomia (high birth weight) revealed
opposite findings to those of low birth weight. A study out of the United St :s (US)
compared m rosomic infants weighing greater than 4,500 grams to a control group of
infants whose weights were between 2,500 grams and 3,499 rams and found that
mothers of macrosomic infants were more likely to be older comparcd to mothers of
control chil (Spellacy, Miller, Winegar and Peterson, 1985). A sccond study
conducted in the US also found that macrosomia was associated with advanced maternal
age (35 to 49 years) in addition to mothers being married (Boulet, Alexander, Salihu, and
Pass, 2003). These findings were supported by Orskou, Henricksen, Kesmodel and
Secher (20( 1 an investigation of over 24,000 pregnancies in Denmark from 1990 to
.~ 79 wher 1other’s age of 30 or more ycars was a with higher birth we™ "it
infants. No significant associations have been found with paternal age and birth weight

(Tough, Fal -, Svenson, and Johnston, 2003).

2.2.2 Mate al Morbidity during Pregnancy
The health of the mother has obvious influence on pregnancy ouicomes. A woman's

health during pregnancy is dependent upon a number of factors including itritional



status, lifesty factors, and socioeconomic status, all which have associations with birth
outcomes, including birth weight. Several medical conditions present before an during
pregnancy have been associated with birth weight outcomes, most notably, diabetes,
hypertension, and anemia. Some conditions work to lower birth weight outcomes while
others have the opposite effect and tend to increase infant weight. Hypertensive disorders
are most commonly known for their association with low birth weight. This is reflected
in a study by X ), Sorensen, Williams and Luthy (2003) who examined the eftect of pre-
eclampsia on fetal growth. Pre-eclampsia was defined as sustained pregnancy-induced
hypertension v h proteinuria. Compared with normotensive women, those with pre-
eclampsia were 3.8 times more likely to have a low birth weight i1 int (95% C1 1.9-7.5).
The authors acknowledge that decreased placental blood flow associated with
hypertension has been attributed for this influence on fetal growth. Iron deticiency
anemia, a nutritional deficiency associated with low levels of hemoglobin or iron. is
common amo;  women in their reproductive years. Increased iron is required during
pregnancy to increase red cell mass, expand the plasma volume and allow for the growth
of the fetal- acental unit (Scholl, 2005). A woman that is anemic during pregnancy has
been found to ave a igher risk of delivering a low birth weig  infant (Lone, Qureshi

and Emanux )04; Mahajan, Singh, Shah, Gupta and Kochupillai, 2004).

Diabetes has been found to be associated with the occurrence of high birth weight infants.
In 2003, Boulet, Alexander, Salihu and Pass published findings of a study that examined

maternal ri ctors for macrosomia. Using a reference group weighing 3,000-3,999



grams, mater | diabetes mellitus was prevalent among 3.7% of infants weighing 4,000-
4,499 grams, 6.2% of infants weighing 4,500-4,999 grams, and 11.8% of infants

weighing 5,0 rams or more.

2.2.3 Obstetric Factors

Among the range of obstetric factors that have been studied for their association with
birth weight, prior pregnancy outcomes and sexual activity, parity (number of children a
woman has vered) and birth weight of previous children appear to have direct
associations 1 intrauterine growth. A woman who has given birth to one child is
referred to as primiparous, whereas a woman who has had two or  ore children is known
as multiparc s.  As it relates to birth weight outcomes, increasing parity is usually
associated v h higher birth weight (Dougherty and Jones, 1982; Ng and Wilkins. 1994;
Tough, Svensc , Johnston and Schoptlocher, 2001; Orskou, Henriksen, Kesmodel and
Secher, 2003). Primiparous women have been found to have 1.75 times higher risk of
having a low irth weight infant (95% CI 1.60-1.91) (Tough et al., 2001), whereas
multiple pa y has been associated with nearly twice the risk of having a high birth

weight infa  (OR 1.90, 95% CI 1.75-2.06) (Orskou et al., 2003).

2.2.4 Toxic xposures due to Maternal Lifestyle and Behaviours
Some argue that lifestyle and behavioural factors, including smoking, alcohol
consumptic licit dri  use, diet and nutrition, exert the gr¢ est influence on birth

weight. Smoking, the most commonly studied of all lifestyle factors, has been found to
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have a deleterious effect on birth weight (Dougherty and Jones, 1982; Brooke, Anderson,
Bland, Peacc ¢ and Stewart, 1989; McCormick et al., 1990; Bonellie, 2001; Tough,
Svenson, Jo! ston and Schopflocher, 2001; Dickute et al., 2002; Orskou, Henriksen,
Kesmodel and Secher, 2003; Kennare, Heard and Chan, 2005). In 1989, Brooke et al.
(1989) investigated the effects of smoking on the birth weight of over 1,500 inf. (s born
in London, England. The study found that smoking was the most important sin; : factor
affecting birth weight and that smoking significantly reduced birth weights of infants. A
cohort study y Bonellie (2001) of almost 180,000 singleton live births in the UK found
that babies born to mothers who admitted to smoking through pregnancy were on average
284 grams | hter than babies born to mothers who had never smoked. Oth studies
have revealed that women who smoke during pregnancy are at two to three times hiy er
risk for delivering a low birth weight infant compared to women who did not smoke
during pregnancy (Tough, Svenson, Johnston and Schopflocher, 2001; Dickute et al.,

2002).

Alcohol consumption, and to a lesser extent illicit drug use, have also been implicated as
playing imp tant roles in the causation of low birth weight (Bro et al., 1989; Visscher,
Feder, Burns, Brady and Bray, 2003; Okah, Cai and Hoff, 2005; Kennare, Heard and
Chan, 2007 Mariscal et al., 2006). Kennare, Heard and Chan (2005) ind that
substance users were more likely to be single and of lower socio-economic status,

themselves risk factors for lower weight infants.
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2.2.5 Prenat... Care

Prenatal care in pregnancy is an important part of ensuring healthy outcomes for both
mothers and babies. Early prenatal care is important for targeting such factors as
gestational caloric intake, cigarette smoking, and alcohol consumption (Kramer, 1987).
Prenatal care might also be effective in reducing the adverse eftects of pregnancy
complicatior such as toxemia and pregnancy-induced hypertension, and  sist in
providing m itoring for women with chronic conditions, such as diabetes (Kramer,
1987). Alth little is published in the literature, there appears to be preliminary
evidence that prenatal care is associated with birth weight outcomes. Maupin et al.
(2004) compared the characteristics and pregnancy outcomes of women with no prenatal
care and wo 2n receiving care using data found in medical records in the United States.
They found t t women who received no prenatal care wi - morc likely to be
multiparous, less educated, uninsured, smokers. and have a history of drug abuse. In
addition, low birth weight was more common among women who received no prenatal
care. Reich an and Teitler (2005) examined the effects of prenatal care and the timing
of its initiation on birth weight: »  women in New York State. They found that mean
birth weight decreased with later prenatal care initiation and initt: on of prenatal care in
the first trii :ster was associated with a 56 gram advantage in birth weight (p = 0.01)

compared ton care.
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2.2.6 Relative Importance of ...tablished Risk Factors

Kramer (1987) states that in the developed country setting, the most important single
factor affect: | intrauterine growth, by far, is cigarette smoking, This is followed by
poor gestatic | nutrition, low pre-pregnancy weight, primiparity, female sex, and short

stature. He points out that the three leading factors are all potentially modifiable and

therefore, a large proportion of existing fetal growth restriction may be preventable.

2.3 Trendsi Birth Weight

The availability of hospital records and reliable vital statistics data permit the
investigation of birth weight trends over the past several decades. Monitoring and
investigating these trends allows researchers and public health officials to determine
whether the trend is the result of changes in the gestational age of infants at birth,
changes in intrauterine growth, or due to changes in the determinants of birth weight,
such as changes in smoking rates. The answers to these questions allow health

professionals ~ ersto  Hdify and improve | enatal prog .cordingly.

Examinations of birth weight in many countries over the past several decades have made
one point ¢ ir: infants are getting bigger. Low birth weight rates have declined and
mean birth weight and high birth weight rates have increased significantly. These
findings have cen observed in several countries, including Canada (Ng and Wilkins,
1994; Ananth and Wen, 2002; Kramer et al., 2002; Wen et al., 2003; Health Canada,

2003), Chile (An o, Vargas and Ron ~( nark (Orskou, Kesmodel, Henriksen

14




and Secher, 2001), England (Bell, 2008), and Sweden (Surkan, Hsieh, Johansson,

Dickman and nattingius, 2004).

In 1994, Stat ics Canada reported birth weight rates in Canada from 1961 to 1990 using
vital statistics data. The authors, Ng and Wilkins, reported that over the three decades the
number of low birth weight infants dropped by 34% and the proportion of live births of
low birth weiy t fell from 7.2% in 1961 to 5.5% in 1990. Births registered in
Newfoundland and Labrador were excluded from the study due to the unavailability of
birth weight data. The report stated that the low birth weight rate remained about 1.4
times higher in the lowest income neighbourhoods as compared to the highest. The
proportion of babies born to unmarried mothers rose from 1 in 25 births in 1961 to almost
1 in 4 births in 1990. Due to greater social acceptance of unn ried mothers and an
increase in common-law unions, the low birth weight rate among this group declined, as

it declined fi  all demographic groups.

Studies by Wen et al. (2003) and Ananth and Wen (2002) examined birth wei; t trends
over the last vo decades using the Canadian Vital Statistics Database. Both studies also
concluded t abies in Canada are getting bigger. The studies found that not only were
rates of low birth weight decreasing, but rates for high birth weight were increasing. as
reflected in an upward shift in mean birth weight. These char s occurred despite an
increase in  : proportion of infants born pre-term, suggesting that the incrcase in birth

weight was e to increased fetal growth.
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Several studies have sought to explain why babies are getting bigger (FFord and Nault,
1996; Kramer et al., 2002; Wen et al., 2003,). Wen et al. (200 obscrved substantial
demographic changes among pregnant women in Canada from 1981 to 1997, including
an increased roportion of mothers aged 35 years or greater (4.6% to 12.7%). This
finding reflects  cultural trend of women waiting longer before starting a family. A
hospital-based cohort study of over 60,000 live births at a McG  University teaching
hospital in Montreal from 1978 to 1996 found significant increases in mean birth weight
from 3,419 grams to 3,476 grams (Kramer et al., 2002). The st |y observed that this
shift was related to increased maternal weight for he” it (BMI), increased gestational
weight gain, ¢ nges in socio-demographic factors, and decrcased rates of smoking.
Births to teer  3ed mothers decreased from 4.4% in 1978 to 1.0% in 1996; the percentage
of births to women 35 years or greater nearly tripled from 7.8% to 20.1%; the percentage
of births to legally unmarried women quadrupled from 4.5% to 17.0%; maternal
education increased substantially with the percentage of women completing 16 years or
more of schooling rising from 17.0% to 36.6%: the percentage « births to women who
were overweight or obese increased from 11.8% to 19.6%; and s* ificant reductions
were seen in the percentage of women who smoked during pregnancy, particularly
among those who smoked 11 or more cigarettes per day (12.7%-5.6%). Similar increases
in maternal ¢ : 35 years and older (7.0% to 12.9%) and decreases in smoking (32.7% to

25.1%) have been observed in Nova Scotia (Fell et al., 2005).

16



Other notable studies seeking to identify factors associated with increased birth weight
have been carried out in Sweden and Denmark. Orskou, Kesmodel, Henricksen and
Secher (2001) ¢ died 43,561 birth records of infants born at a D. ish hospital between
1990 and 19 . They concluded that mean birth weight increased for all infants born
during this time period and that the percentage of infants born with birth weight above
4,000 grams i ased from 16.7% in 1990 to 20.0% in 1999. Orskou et al. (2003) found
a statistically significant increase in the risk of giving birth to high birth weight infants
for women w  high prepregnancy weight, nonsmokers, and among women with higher
levels of educ ion. Surkan, Hsieh, Johansson, Dickman & Cnattingius (2004) conducted
a population-based study of almost 875,000 births in Sweden from 1992 to 2001.
Increases in mean birth weight were explained by increased prevalence of overweight and
obese mothers (from 25% to 36%) and decreased prevalence of ¢ >king (from 23% to
11%) during the same period. The study was unable to consider mother’s education as a

determining f due to the unavailability of this information.

The United S es has not experienced ' ' same decline in rates « low birth we"™ it as
have other developed countries. In fact, studies have indicated 1 1t rates of low birth
weight have i reased in the US over the past few decades along with rates of preterm
births (Branui and Schoendorf, 2002; Yang, Greenland, and Flanders, 2006). Increased
rates of low £ h weight and preterm birth have been observed mainly among Caucasian
infants whereas rates among African American infants have rem: 1ed relatively stable

(Branum and Schoendort, 2002).
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The monitori ; of birth weight trends in Newfoundland and Labrador has only been
made possible over the past 15 years with the availability of data on birth weight.
Although birth weight was recorded on the Live Birth Notification form since 1983, it
was not recorde electronically until 1992. The series of reports titled Live Birth Trends
has documer 1 rates of low birth weight and high birth weight in Newfoundland and
Labrador sin 794, as well as changes in maternal characteris s including age and
parity (Newfou land and Labrador Centre for Health Information, 2000; Newfoundland
and Labrador Centre for Health Information, 2001; Newfoundland and Labrador Centre
for Health Information, 2003; Newfoundland and Labrador Centre for Health
Information, ). Low birth weight decreased from 6.3% in 1994 to 5.8% in 2004; and
mean birth v ght rose from 3,448 grams in 1994 to a high of 3,488 grams in 2 )2 then
decreased to 3,453 grams by 2004. Mean age of mothers in the province steadily
increased frc  26.5 years in 1994 to 28.7 years in 2004, and the percentage of births to

first time mothers rose from 46.2% in 1994 to 49.1% in 2004.

Examinations of temporal trends in birth weight over the past thirty years have concluded
that the overall mean birth weights of infants are increasing in  any countries world
wide, with corresponding decreases in the rates of low birth weight and increases in the
rates of high birth weight. Research suggests that changes to socio-demographic and

lifestyle factors includit  h™ ~er iternal education, increased maternal age. increase in






because of illness, compared to children who were born within the normal birth weight

range (defined ~  the study as 2,500 grams or more) (Overpeck et al., 1989).

A series of investigations commencing in the 1980’s suggested that low birth weight is
linked to deaths from coronary heart disease. The theory that events in wfero may be
linked with ¢ development of chronic disease later in life was first postulated by
Barker, Winter, Osmond, Margetts, and Simmonds (1989) in a study of the relationship
of birth weig  and weight in infancy and death from ischaemic heart disease. The study
was conducted following an earlier investigation of death from coronary heart disease in
different parts of England and Wales by Barker and Osmond (1986) who observed that
differences i rates of death from heart disease in 1968 to 1978 paralleled previous
differences - death rates among newborn babies in 1921 to 1925. The investigators
speculated t|  impaired growth and development in prenatal and early postnatal fe may
be an impor it risk factor for ischaemic heart disease in adulthood. Using birth weight
data recorded on birth registrations, a follow-up study (Barker et al., 1989} traced 5,654
men born durir 1911 and 1930, and found that men with the lowest we™ "its at birth had
the highest death rates from ischaemic heart disease. The study led to what is now
known as the fetal origins theory to describe the connection between intrauterine growth
and incidence of coronary heart " ease. Years of subsequent testing of this theory has
concluded that undernutrition in urero permanently changes the body’s structure, function
and metabol n in ways that lead to coronary heart disease in later life (Barker, 2007). A

systematic rev w of 18 studies conducted from 1993 to 20t in the UK, Sweden,

20



Finland, Der ., Iceland and Holland, reported a 10 to 20 percent lower risk of

ischaemic he:  disease per kilogram increase in birth weight (Hu: y et al., 2007).

Low birth weight has also been linked with the development of asthma. A study
conducted in the United States examined the effect of birth weight on asthma among
children less than four years of age (Brooks, Byrd, Weitzman, Auinger, and ! :Bride,
2001). Using the 1988 National Maternal-Infant Health Survey and the 1991
Longitudinal ow-up Survey to follow a sample of three-year olds, the study found a
strong indep nt association between low birth weight and asthma with children of
very low birth weight (<1,500 g) having nearly three times the risk of physician-
diagnosed as . compared with those weighing 2,500 grams or ore (OR 2.9, 95% Cl
2.3-3.6). Sii lar findings were found in a study conducted by Dik, Tate, Manfreda and
Anthonisen  )04) in Manitoba using physician claim data from 1980 to 1996. The
study, which Hllowed-up 170,960 children from birth to age six years, found that asthma
was more lif |y in those with lower birth weights. Children weighing less than 3,100

ams had an adjusted hazard ratio of 1.08 (95% CI 1.04-1.13) compared to the reference
group weighing 3,500 to 3,790 g ns. To a lesser extent, research has also examined the
impact of h 1 birth weight on asthma. A recent meta-analysis by Flaherman and
Rutherford (2006) of nine studies conducted in Germany, Canada, New Zealand, the
United Kingdom, and the United States from 1966 and 2004 examined the effect of high

body weight at birth on risk of ¢ ma. High birth weight, defined as infants weighing
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3,800 grams  more, was associated with a pooled relative risk of 1.2 for future asthma

(95% CI 1.1-1.3).

A relationship has also been identified between birth weight and type 2 diabetes. A meta-
analysis of 14 dies conducted in Finland, Sweden, the United States, Canada, India,
the United Kingdom, and Taiwan from 1966 and 2005 found that both low and high birth
weight were associated with increased risks of type 2 diabetes (Harder, Rodekamp,
Schellong, Dudenhausen, and Plagemann, 2007). Using normal birth weight (2,500-
4,000 grams) as the reference category, pooled estimates revealed an OR of 1.47 for low
birth weight 5% CI 1.26-1.72) and 1.36 for high birth weight (95% CI 1.07-1.73). The
results indicated that the relation between birth weight and type 2 diabetes is U-shaped

and not linca ' inverse as previously suggested.

A cohort study of 1.4 million singletons born in Denmark from 1979 and 2002 explored
the risk of epilepsy as a function of gestational age, birth weight, and tetal growth (Sun et
al., 2008). The incidence of epilepsy increased with decreasing birth weight. Compared
with children whose birth weight was 3,000 to 3,999 grams, those whose weight was
<2,000 grams had an Incidence Rate Ratio of epilepsy of 5.09 (95% CI 4.34-5.96) in the

first year of life and 1.73 (95% C1 1.24-2.41) between the ages of 15 and 24 years.

Over the pa decade there has been an abundance of research into the association of

early life factors, including birth weight, on the development of cancers. In partict 1,
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attention has focused on birth weight as a risk factor for childhood leukemia. A meta-
analysis conc cted by Hjalgrim et al. (2003) summarized eighteen studies published
between 1962 d 2002 and included information on more than 10,000 children with
leukemia. Tl analysis revealed that children weighing 4,000 grams or more at birth had
a 26% higher risk of developing acute lymphoblastic leukemia { n children weighing
less (OR = 1.26, 95% CI 1.17-1.37). Results were consistent with a dose-response-1 e
effect whereby odds ratios increased across higher birth weight strata. Studies of acute
myeloid leul nia indicated a similar increase in risk for children weighing 4,000 grams
or more at birth (C . =1.27, 95% CI 0.73-2.20) as well as a dose :sponse-like effect of
increased risk across increasing birth weight strata. More recent studies comparing risk
of developing childhood leukemia between children who weighed more than 4,000 grams
at birth com red to those who were born in the normal birth weight range (2,500 to
4,000 grams) also found that risk for leukemia is greater for high birth weight children
compared to those born with normal birth weights (Okcu et al., 2002; Podvin, Kuehn,
Mueller, and Williams, 2006). It has been suggested that the biological mechanism
behind the association of high birth weight and childhood leukemia may involve insulin-
like growth factor I (IGF-I), which is associated with high birth weight. IGF-I may act by
increasing the absolute number of stem cells available for transformation, stimulating the
growth of ¢ s that are already transformed, or a combination of effects (Tower and

Spector, 2007).
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An association between high birth weight and cancer has also been identified for rostate
and breast ¢ :ers. In a cohort study of men born in 1913 in Sweden and followed
through to 1993, the incidence of prostate cancer was found to be about five times higher
in the highest quartile of birth weight compared to the other birth weight groups (Tibblin,
Eriksson, Cnattingius, and Ekbom, 1995). A review of studies on birth weight and risk of
breast cancer published from 1988 to 2005 found that the relative risk for breast cancer
comparing women who had high birth weight (greater than 4,000 grams) to women who
were low birth weight (less than 2,500 grams) was 1.23 (95% CI 1.13-1.34) (Michels and

Xue, 2006).

Traditionally, research on the effect of birth weight and health st 1s has focused on the
implications of low birth weight, although in recent years there has been increase study of
high birth weight and health status. Aside from the potential for birth trauma. such as
clavicle and humerus fractures and brachial and facial paralysis (Oral et al., 2001). high
birth weight has also been found to put individuals at higher risk for adverse
consequences 1 1t extend to later stages of life. including the development of overweight

(Whitaker and Dietz, 1998; Dictz, 2004).

Overall, ther is sufficient evidence that birth weight effects health status of individuals at
birth, during childhood, and into adulthood. Therefore, the pror ition of children born
within what is considered to be a healthy birth weight range is of great public health

importance.
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2.5 Summary of Literature Review

Birth weight is one of the most important indicators in population health and plays a large
role in healtl child development. The determinants of birth weight are multi-factorial
and include « mographic characteristics, medical factors, obstetric factors, and  aternal
lifestyle practices. Studies that have analyzed birth weight trends over the past several
decades have concluded that birth weight is increasing in many parts of the developed
world and tt  these changes are linked to shifts in maternal factors, such as increasing
maternal age, I her levels of education, and decreased smoking status. Both low and
high birth w 's have been linked with adverse health conditions throughout the life
span. Since the distribution of infant birth weight and the relative contribution of the
factors influencing it vary from one population to the next, it is important to examine

birth we™ "t its determinants in individual populations.
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CHAPTER 3

METHODS

3.1 Data sources

The Live Bi 1 System was the primary data source for the study. The database is
maintained | i Newfoundland and Labrador Centre for Health Information (the
Centre). Data i the system is obtained from Live Birth Notification forms completed in
provincial health care facilities at the time of birth. The forms contain both clinical and
demographic 1 for all births that occur in the province. Live Birth Notification forms
are complet by health care staff and sent to the Vital Statistics Division of the
Department  Government Services, Government of Newfoundland and Labrador. A
copy of the form is provided to the Centre, and data from the form is entered into the

Live Birth System.

At the time of this study, data from the Live Birth System were available for the years
1992 to 2005. The Centre had fourteen separate SPSS data files., one for each calendar
year. Each file contained approximately four thousand live birth records with the number
of variables ra ing from 83 to 114. For the purposes of this analysis, it was necessary to
merge the fourteen data files. To achieve this, each data file first ad to be standardized.
Standardizing the files involved ensuring that each year of d: | contained the same

m er of vari Hles, and that these variables were consistent with ibeling and format.
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The Live Birth System required considerable effort to standardize. Since its introduction
in 1986, the Live Birth Notification form has been revised several times to accommodate
the need to capture new data and to eliminate fields that were no longer relevant. Some
revisions were minor while others were more significant. From 1992-2001, the Live
Birth Notification form remained largely unchanged. However, in 2002, the form
underwent s ificant revision which included the elimination of two sections, and
revisions to all remaining sections. Due to the addition and elimination of data fields
over the four :n year period. standardizing the data files entailed adding variables where
necessary so that each file contained the same record layout. This ensured that data that
was collected for some years, and not others, would not be lost. As a result, some birth
files contain elds with no data. For example, for the years 2002 to 2005, the Live
Birth Notific ion form included a section on lifestyle factors that captured, among other
factors, the 10king status of mothers during pregnancy. This field was added to the
birth files for the years 1992 to 2001 although no data was available thus allowing for a
consistent record layout for all years of data. In addition, so1 : data fields required
recoding to ref :t modifications in the form from one year to the next. For example, the
section ot tI  form that collected data on the mode of delivery changed several times
from 1992 1 2005. On the 1992 and 1993 Live Birth Notification Forms options for
mode of del ry were:

1) Spontaneous Vertical

2) 1* C/Section

3) or more C/Section

4) . orceps Vertic 77w

5) 1 ‘ech (Vaginal)
6) Forceps Vertical-Mid
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7) V  1um Extraction

8) V nal Birth after C/Section
From 1994 to 2001, options for mode of delivery were:

1) Spontaneous

2) C/Section

3) Forceps

4y V m
From 2002 to 2005, options for mode of delivery were:

1) Vaginal Spontaneous

2) Vaginal Assisted

3) C :ction
To standardize the mode of delivery from 1992 to 2005 a number ¢ coding changes were
made. For the 1992 and 1993 data: Spontaneous Vertical, -eech (Vaginal), and
Vaginal Birth after C/Section were recoded as Vaginal Spontaneous; Forceps Vertical-
Low, Forceps Vertical-Mid, and Vacuum Extraction were recoded as Vaginal  sisted.
and 1% C/Section and 2" or more C/Section were recoded as C/Section. Similarly, for the
1994 to 2001 data, Forceps and Vacuum were recoded as Vaginal Assisted v ile
Spontaneous 1d C/Section were unchanged. Standardization of : Live Birth System

took three months to complete. A summary of fields standardized for the Live Birth

System is presented in Appendix A.

In addition to standardizing and merging the live birth data files, there were a number of

major data edit tasks required. For example, data for ‘total number of infants in this

delivery’, w. captures whether the birth was a single birth or multiple birth, were >t
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keyed in 2003, 2004 or 2005. This variable was required so that infants that were part of
a multiple bi 1 could be excluded from the study. Live Birth Notification forms were
obtained fror Vital Statistics for these three years and data for this variable were

manually ent :d into the dataset.

The Live Bit Sy 'm contained postal codes for mother’s usual place of residence for
births that occurred from 1992 to 2002. Postal codes had not been entered for 2003, 2004
or 2005. Postal codes for 2003 and 2004 were added to the Live Birth System by linking
the Live Birth files for these years to Vital Statistics birth files using registration number
as the key lir 1ge variable. The Vital Statistics birth files first had to be edited since they
contained many duplicate records. The duplicate records were removed from the file. In
addition, approximately 500 postal codes were either missing or incomplete. The forms
for these births were reviewed and if the postal code was listed on the form then it was
entered. In cases where the postal code was missing on the form but the address was
recorded, the Canada Post web site was used to look-up the postal codes. Furthermore,
hundreds of stal codes had been entered in error whereby the number "0’ was entered
instead of the :er ‘O’ or vice versa. Syntax was written and applied to the file to
convert the s to numbers and numbers to letters where necessary. All postal codes

for 2005 were entered manually into the dataset.

From 1992 - 2005, mother’s education was captured in two different ways on the Live

Birth Notification Fo From 1992 to 2001, tt actual number of years of education
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completed by the mother was recorded on the form and entered as a numeric vi 1€ into
the data files. From 2002 to 2005, this field was changed to a categorical format so that
mother’s educa »n was recorded as either: not graduated high school, graduated high
school, beyond high school, or college or university degree. For analysis purposes,
education da for 1992 to 2005 were grouped into three categories: has not graduated
high school, aduated high school, and education beyond high school. The data for
1992 to 2001 were categorized into these three groupings after careful consideration.
Mothers whe  ere born before 1966 would have graduated high school in Newfoundland
and Labrador fter completing grade 11. The first graduating class of grade 12 was 1984
so mothers who were born in or after 1966 would have completed high school after
completing ¢ de 12. Distribution of the data by mother’s year of birth confirmed a shift
between 11y rs of education to 12 years of education for mothers born on or after 1966
so 11 years « education was considered completed high school for women born before
1966 and 12 years of education was considered completed high school for women born in
or after 1966. Number of years of education less than or greater than these numbers
were considered less than high school and beyond high school, respectively. Re-
grouping this v iable was based on a number of assumptions, such as mothers went to
school in Newfoundland and Labrador. It does not account for zrsons who may have

skipped a grade, repeated a grade, or were educated outside of the province.

From 1992 to 2002, gestational age was recorded on the Live Bi 1 Notification Form as

the number of completed weeks with no indication for whether it was based on last
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menstrual period (LMP) or ultrasound. From 2003 to 2005, the Live Birth Notification
Form provided space to record the gestational age in completed weeks based on both
LMP and ult ound. In cases where gestational age was provided Hr both measures, the
ultrasound mea rement was used since it is deemed to be a more accurate measure of

fetal age.

3.1.1 Socioeconomic Status

A measure of socioeconomic status (SES) was obtained for each record that had a valid
Newfoundland and Labrador postal code by linking to a dataset of socioeconomic status
scores devel ed by Audas, Cirtwill, and O'Keefe (2007). The score is a composite
value based n a number of measures related to social and economic conditions,
including en loyment, education, and income, from the 2001 Census of Population
(Appendix B). A SES score, ranging from -24.3279 to 23.74699 was available for each
of the 10,784 postal codes in Newfoundland and Labrador. A higher scorc su  :ests a
higher level of social affluence. The data file containing SES scores for each postal code

was linked to the live birth ™ a file usit  postal code as the linkage variable.

3.2 Study Pc ulation

All singletons born at term to women who were residents of Newfoundland and Labrador
were included 1 the study. From 1992 to 2005, there were 74,863 live births in
Newfoundla: and Labrador. Infants were excluded if they were part of a multiple birth

(N 1,801), were born preterm (before 37 weeks completed gestation) or post term
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(greater than 41 weeks of completed gestation) (N = 6,567), were born to women who
were not resi nts of Newfoundland and Labrador (N = 609), or if there were no data
available for birth weight (N = 70) or gestational age (N = 250). The total number of live
births included in the study was 66,638. Socioeconomic data were successfully linked to

65,145 live birth records (97.8%).

3.3 Ethics Approval
The study was  proved by the Human Investigation Committee of Memorial University
of Newfound nd on April 27, 2006 (Appendix C). Annual updates were provided to the

Human Investigation Committee on May 15, 2007 and May 14, 2008.

3.4 Study V: ables
The study had one outcome  iable, birth weight group, and a series of covariates

grouped as d graphic factors, lifestyle issues, and clinical factors.

3.4.1 Outcome Variable

Birth weight was classified into three categories: low, normal and high. Low birth
weight was defined using the standard definition of infant weight less than 2,500 grams
(World Health Organization, 1993). For the purposes of this study, infants were
categorized as normal birth weight if they weighed 2,500 to 4,000 grams and were

categorized ¢ th birth weight if they weighed more than 4,000 grams.
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3.4.2 Demogra)] ic Factors

The following demographic factors were included in the analysis: infant sex, maternal
age, maternal education, legal marital status of mother, Census Division for mother’s
usual place « residence, and mother’s socioeconomic status.  ata on each of the
demographic ictors were available for the years 1992 to 2005. Maternal age was
computed ba: n mother’s date of birth and infant’s date of birth to determine mother’s
age as of her st birthday. Maternal age was grouped into threce ¢ :gories: less than 20
years, 20 to 3 ars, and 35 years or older. Maternal education was categorized as high
school incomplete, high school complete, and beyond high school. Mother's legal
marital status was categorized into three groups: single; married; and separated,
widowed or divorced. Census Division for mother’s usual place of residence was
computed fro  Census Subdivision. Socioeconomic status scores were grouped into 10

deciles using cut points based on the scores of the study population.

3.4.3 Lifesty Issues
The Live Bir System captures substance use during the p  :onceptional period (from

before conce on to early | e_ incy) and durir~ pregnancy. The data are self-reported

by mothers a  recorded by health care staff on the Live Birth Not cation form. For the

purposes of 1 s study the term 'substance use' refers to smoking, alcohol use, or illicit

drug use. Da were available for the years 2002 to 2005.
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period of time from 1992 to 1995 were compared with the same rates for the period of
time from 2002 to 2005, thereby smoothing out any random fluctt ions within one-year
periods. The chi-square test was used to detect differences in maternal socio-
demographic characteristics among individual socioeconomic quintiles and over two time
periods, 1992 to 2005 and 2002 to 2005. Multinomial logistic regression was used to
determine if  rth weight outcomes were influenced by the demographic, lifestyle, and
clinical covar tes previously described. Multinomial logistic regression was sclected for
the multivari 1alysis since the outcome variable had more than two categories which
had no clear order. Multinomial logistic regression was preferred to binomial logistic
regression si: 2 it could simultaneously predict the effect of predictor variables on low
and high birth weight with respect to normal birth weight. Using normal birth v ght as
the reference ategory and dummy variables for each of the covariates, the multinomial
logistic regrc ion analysis produced odds ratios with 95% confidence intervals and

corresponding P-values.

The regression analysis was conducted in five stages to account for the fact that data for
some covariates were not available for all years (Table 1). The first regression included
records for it ints born from 1992 to 2005 and included the followit covariates: infant
sex, Census Division of mother’s usual place of residence, maternal age, mother’s legal
marital status, parity, and socioeconomic status. Mother’s education was then added to
the regression analysis to see whether it affected the influence of socioeconomic status on

birth weight. Tt sc ‘¢ :onomic scores are a composite of thirteen factors, includi~~
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maternal education (Appendix A), so maternal education was added to the regression
model separe ly. The third regression analysis included records for infants bc | from
1992 to 2001 and included variables from the second regression in addition to initiation
of prenatal care and hypertension. The fourth regression included infants born from 1992
to 2002 and included variables from the second regression with the addition of  other's
anemia, and  sulin dependent diabetes mellitus. The fifth regression included records
for infants born from 2002 to 2005 and included variables from regression two with the
addition of whether the mothers smoked, used illicit drugs or drank alcohol during

pregnancy.
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Table 1

(comtinned)

Covariates

R1 R2 R3 R4 RS
1992- 1992- 1992- 1992- 2002-
2005 2005 2001 2002 2005

Maternal Education
High School Incomplete
High School Complete’
Beyond High School

Initiation of Prenatal Care
No Prenata  ‘are
First Trime 1
Second Tri1 ster
Third Trimester

Hypertension

Anemia
Insulin Dependent Diabetes
Mellitus

Used drugs duri  pregnancy

Drank alcohol during pregnancy

Smoked durii egnancy
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3.5.1 Use of ' ographical Information Systems

Geographic Information Systems (GIS) analyze data with spatial components and are
widely used in 1any disciplines. The use of GIS in public health has had increased
utility in recent years as public health professionals and researchers harness the power of
spatial analysis to observe patterns of health and disease. In recognition of that fact that
GIS adds a werful graphical and analytical dimension to public health, the Public
Health Agen: of Canada developed the Public Health Map Generator, a free web-based
mapping tool allowing users to display health data on maps. The mapping tool allows
users to quickly and easily display data without needing to purchase and learn to use
sophisticated GIS software. This form of visual representation of health conditions
allows health professionals to better understand the health of the populations they serve.
The Public Health Map Generator was used in this study to illustrate the geographic
distribution of adverse birth weight outcomes by Census Division, of which

Newfoundland and Labrador has ten (Figure 1).
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CHAPTER 4

RESULTS

4.1 Introduction

The results : : presented in three sections. The first section describes the study
population and distribution of low birth weight and high birth we 1t by infant sex and
individual and neighbourhood-level characteristics of the mothers. The second section
will describe zographic and temporal trends in birth weight rates, as well as present
changes in maternal characteristics over time. Low and high birth weight rates will be
displayed usii  maps produced using the Public Health Map Generator. The last section
will present | 1igs from the multinomial logistic regression analyses which tested the
influence of ridual and neighbourhood level factors on bir  weight outcomes in

Newfoundland and Labrador from 1992 to 2005.

4.2 Description of Study Population

Table 2 describes characteristics of the study population. Just over half (51.0%) of the
infants in the study were male; the majority (81.4%) were born in the normal birth weight
range; and a  ost half (48.3%) of the births occurred to women who lived in Census
Division 1. Most mothers (82.5%) were between the ages of 20 1d 34 years and the

majority (70." o) were legally married.
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Table 2
(continu )

Characteristic n! G
Hyperte:  on (N=50,422)
Yes 2,678 5.3
No 47,744 94.7
Anemia (54,613)
Yes 253 0.5
No 54,360 00 < |
Insulin I sendent Diabetes Mellitus
(N=54,613)
Yes 473 0.9
No 54,140 991
Used drugs during pregnancy (N=15,797)
Yes 65 0.4
No 15,732 99.6
Drank alcohol during pregnancy (N=15,789)
Yes 150 1.0
No - 15,639 99.0
Smoked during pregnancy (IN=15,/90)
Yes 524 16.0
No 13,266 84.0
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About one in five (19.1%) mothers had not completed high school while more than half
(58.4%) had :en educated beyond high school. Almost half (47.3%) of mothers were
having their first baby, 37.7% were having their second child, 11.1% were having their
third, and 3. % of mothers were having their fourth or more child. Most mothers
(90.1%) had ini ited prenatal care in the first trimester of pregnancy, and most appeared
to have had healthy pregnancies with small margins of women having hypertension
(5.3%), anemia (0.5%), or insulin dependent diabetes mellitus (0.9%). Substance use was
also low with 0.4 % of mothers using drugs, 1.0% consuming alcohol, and 16.0%

smoking during pregnancy.

The total number of live births in the study population decreased from 6,114 in 1992 to
3,996 in 20C The highest number of live births occurred in 1992 while the lowest

number occurred in 2004 with 3,955 births (Figure 2).

Table 3 shov the percentage of low and high birth weight infants according to sex and
selected maternal characteristics. The percentage of low birth weight infants was slightly
higher among females compared to males (1.9% vs. 1.4%); infar : born to mothers that
resided in Ce us Division 2 (2.2% vs. 1.3-1.8% amo1  other Census Divisions); infants
born to mothers less than 20 or more than 34 years of age compared to mothers aged 20
to 34 years (2.0% vs. 1.5%); and mothers who were separated, widowed or divorced as

opposed tomr ried ~ 8% vs. 1.5%).
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Figure 2: Number of live births by year, Newfoundland and I srador, 1992-2005
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Table 3

(continued)
Low Birth | High Birth ¥ df | P-value
Characteristic Weight Weight
n (%) n (%)
Parity « T
1 ) 627 (2.0) | 4,468 (14.2)
2 (N=25,114) 309(1.2) | 4,869 (19.4) | 379.0 6 <0.01
3 (N=7,424) 88 (1.2) | 1,439 (19.4)
4+ (N=2,5 ) 53 (2.1) 525 (20.3)
Initiation of Prenatal Care
No Prenatal Care (N=507) 11(2.2) 71 (14.0)
First Trimester (N=45,443) 774 (1.7) | 7,748 (17.0) 28.1 6 <0.01
Second Tt ester (N=3,729) 62 (1.7) 553 (14.8)
Third Trir ster (N=741) 14 (1.9) 20 719 M
Hypertension
Yes (N=2, '8) 135 (5.0) 450 (16.8) | 188.8 2 <0.01
No (N=47 #4) 724 (1.5) | 8,015 (16.8)
Anemia
Yes (N=253) 5(2.0) 69 (27.3) 2.8 2 <0.01
No (N=54,360) 902 (1.7) | 9,172 (16.9)
Insulin Dependent Diabetes
Mellitus
Yes (N=473) 6 (1.3) 150 (31.7) 743 2 <001
No (N=54 ) 901 (1.7) | 9,091 (16.8)
Drank alcoho ing pregnancy
Yes (N=150) 6 (4.0) 20 (13.3) 10.0 2 <0.01
No (N=15,639) 201 (1.3) | 2,763 (17.7)
Smoked durit  pregnancy
Yes (N=2.>24) 71(2.8) 245(9.7) | 173.8 2 <0.01
No | 6) 13671 ™1 2538 (19.1) i

Figures for re
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Low birth weight was higher among mothers in the lowest socioeconomic status decile
compared to 1e highest (2.2% vs. 1.3%); mothers who had no prenatal care (2.2%) or
initiated pre: al care in the third trimester (1.9%) compared to mothers who initi: d
prenatal care in their first trimester (1.7%); mothers who had hypertension during
pregnancy con 1ired to those who did not (5.0% vs. 1.5%); and mothers with anemia
compared to those without (2.0% vs. 1.7%); and those that drank alcohol (4.0% vs. 1.3%)

or smoked (2.8% vs. 1.0%) during pregnancy compared to those that did not.

High birth v ght was more common among male infants (20.8% vs. 13.0%): mothers
who lived in Census Divisions 5 (18.4%), 9 (18.5%) and 10 (18.7%) compared to the
other Census Divisions (13.6%-17.2%); mothers greater than 34 years (17.7%) compared
to those less than 20 years of age (12.7%): mothers who were married (18.2) compared to
those who were never married (14.0%); mothers with post-secondary education (18.4%)
compared to thosc who had not completed high school (13.7%); mothers in the highest
socioeconor : status decile (18.4%) compared to the lowest (14.6%). High birth weight
was also higher among mothers with a parity of 4 or greater (20.3%) compared to women
having their first baby (14.2%); mothers that initiated prenatal care in their first trimester
(17.0%) compared to those that initiated prenatal care in their third trimester (12.0%);
mothers that were anemic (27.3% vs. 16.9%), had insulin depe lent diabetes mellitus
(31.7% vs. 16.8%); and among mothers that refrained from drugs (17.7% vs. 9 =),
alcohol (17. % vs. 13.3%) d ¢ rettes during pregnancy (19.1% vs. 9.7%). Chi-

square tests vealed significant associations (P < 0.01) between birth weight and each of
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the infant and maternal characteristics. Drug use during pregnancy could not be included
in the bivari : analysis since the minimum expected cell count was less than five and
was too small (0.85) to satisfy the conditions required for the chi-square test. The
distribution ¢ maternal characteristics across socioeconomic status quintiles showed that
higher socioec omic status was associated with increasing maternal ¢ : (P < 0.01).

higher maternal education (P < 0.01), and with being married (P <0.01) (Table 4).

4.3 Tempor: d Geographic Birth Weight Trends

Overall, rates ¢ low birth weight per 100 live births ranged from 1.7% in 1992 10 1.5%
in 2005 with a high of 2.3% in 1994 and a low of 1.1% in 2002 gure 3). The rate of
low birth we s’ ificantly decreased from 1992 to 1995 compared to the period 2002
to 2005 (1.9' to 1.3%: P <0.01). Rates of high birth weight per 100 live births ranged
from 16.1% 1992 to 17.1% in 2005 with a high of 18.9% in 2000 and a low of 15.5%
in 1995 (Figure 3). The rate of high birth weight significantly increased from 1992 to

1995 compared to the period 2002 to 2005 (16.2% to 17.5%: P <0.01).

Overall, mean birth weight increased from 3,529 grams for the period 1992 to 1995 to

3,566 grams tor the period 2002 to 2005 (P <0.01). Mean birth we 1t was 96 grams

higher for mult arous women compared to primiparous women (3,593 grams and 3,497
-ams, respectively: P <0.01). Differences in mean birth weight by time period of birth

and parity o 1other are presented in Table 5.

49



Table 4: M rnal characteristics by socioeconomic status quintiles, Newfoundland and
Labrador, 1992-2005

Ql Q2 Q3 Q4 Q5
Characteristic (IOSVEGSS; (hlté};fiss;
N=13,022 | N=13,114 | N=13,244 | N=12,950 | N=12815
Maternal Age
<20 years 13.0 11.3 8.7 6.1 34
20-34 years 80.4 82.3 83.3 83.8 82.8
>34 years 6.6 6.5 8.0 10.1 13.8
Mother’s Education
Less than high school 30.7 26.9 19.5 11.7 59
Complete ‘h 31.2 26.8 22,6 19.2 12.2
school
Beyond h 1 school 38.1 46.4 57.9 69.1 81.9
Legal Marital Status of
Mother
Never Married 37.6 32.3 30.1 22.4 16.0
Married 60.8 65.9 68.2 75.9 82.9
Separated/Divorced/ 1.6 1.8 1.6 1.5 1.1
Widowed
Parity of Mc
Primiparous 45.2 45.6 47.6 49.4 48.7
Mnltingrong 54.8 s14 52.4 50.6 3
Q = quintile.

2 ~ . gy . . . . .
¥~ tests for differences in maternal characteristics among the five socioeconomic status

quintiles we
quintile 3.
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Table 5: Differences in mean birth weight by time period of birth and parity of other,
Newfoundland and Labrador, 1992-2005

Mean Birth Standard t P-value
Wik Maviation
Period of Birth
1992-1995 3,529 503 -7.9 <0.01
2002-2004 3,566 488
Parity
Primiparous 3,497 489 -25.000 <0.01
Multiparous 3,593 500

t-tests were used to test for statistically significant differences in mean birth weight

between gro s
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Geographically, the lowest rate of low birth weight was found in Census Division 3
(1.3%), while the highest rate of low birth weight was found in Census Division 4 (2.2%)
(Figure 4). Figure 5 illustrates the distribution of low birth weight by Census Di* iion
using the Pul ¢ Health Map Generator. There were no significant differences over time
in any of the Census Divisions when rates of low birth weight from 1992 to 2005 were

compared to the rates from 2002 to 2005.

Census Divi 4 had the lowest percentage of high birth weight infants at 13.6%. while
Census Div: 10 had the highest rate at 18.7% (Figure 4). Figure 6 maps the
distribution of high birth weight by Census Division. The map shows that the rate of
high birth ra  was also high in Census Divisions 5 and 9. The r. : of high birth weight
significantly icreased in two of the province’s ten Census Divisions from 1992 to 1995
compared to ~)02 to 2005; from 16.0% to 17.2% in Census Division 1 (P < 0.05), and

from 13.7%  18.0% in Census Division 6 (P < 0.01).

Using large sample tests for two population proportions, changes in maternal
characteristi  were compared for the two periods: 1992 to 1995 and 2002 to 2005.
Tests revealed that, compared to women who had babies from 1992 to 1995, women who
gave birth from 2002 to 2005 were more likely to be older, havii  their first baby. have

higher levels of education, and never been married.
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The percent: : of mothers greater than 34 years of age more than doubled from 6.2% to
12.6% (P < .01); the percentage of mothers who were never married significai y
increased from 25.0% to 40.8% (P < 0.01); the percentage of 1others who had not
completed h™ "« school dropped from 25.3% to 13.6% (P < 0.01); and the percentage of
mothers who had enrolled in educational training beyond high school significantly
increased from 48.8% to 69.0% (P < 0.01). The proportion of first-time mothers

significantly increased from 45.8% to 48.2% (P < 0.01).

4.4 Predictors of Abnormal Birth Weight

Results of the multinomial regression analysis are presented in four tables. The first two
tables show the influence of those variables for which data were railable for e entire
study period, 1992 to 2005: infant sex, Census Division for mother’s place of residence.
mother’s age, mother’s marital status, parity and socioeconomic status on low and high
birth weight utcomes. The second set of tables illustrate the changes in the odds ratios
of giving bi 1 to low or high birth weight infants as additional variables were added to

the rc  essic analysis.

4.4.1 Dema aphic Factors

Compared to women who delivered a normal birth weight infant. women in
Newfoundland and Labrador were significantly more likely to have a low birth weight
infant if they had a female infant (OR 1.25, 95% CI 1.10-1.41); were 35 ycars of age or

older (OR 1.45, 95% CI 1.18-1.77); were single (OR 1.19, 95% CI 1.t. 1...,; were
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separated, w owed or divorced (OR 1.83, 95% CI 1.24-2.71); or were in the lowest
socioeconomic status decile (OR 1.28, 95% CI 1.02-1.60) (Table 6). Women were less
likely to have a low birth weight infant if they lived in Census Division 8 (OR 0.76, 95%
CI 0.58-0.99); or were in the seventh SES decile (OR 0.77, 95% C1 0.59-0.99), ninth SES
decile (OR 0.75, 95% CI 0.58-0.98), or highest SES decile of socioeconomic status (OR

0.75, 95% C10.57-0.97).

Giving birth to a high birth weight infant was significantly associated with living in
Census Division 5 (OR 1.09, 95% CI 1.01-1.18), 9 (OR 1.15, 95% CI 1.03-1.29), or 10
(OR 1.13, 6 4% CI 1.04-1.23) (Table 7). Women were less likely to have a1 :h birth
weight infant if they had a female infant (OR 0.57, 95% CI 0.55-0.59); lived in Census
Division 4 (OR 0.81, 95% CI 0.72-0.91), 6 (OR 0.91, 95% CI 0.83-0.99), or 8 (OR 0.88,
95% CI 0.81-0.97); were less than 20 years of : : (OR 0.91, 95% CI 0.83-0.99); were
single (0.82, 95% C10.78-0.86), separated, widowed or divorced (OR 0.72, 95% CI1 0.60-
0.86); or fell in the lowest SES decile (OR 0.85, 95% CI 0.78-0.92), second SES decile

(OR 0.89. 95% CI1 0.81-0.96), or seventh SES decile (OR 0.91, 95% CI 0.83-0.99).

Column OR(y) in Table 8 p ents results of the regression analysis when maternal
education is ¢ led to the analysis. Compared to women who completed high school,
women who did not complete high school were more likely to have a low birth weight
infant (OR 1.63, P < 0.01) while women who had education beyond high school were

more likely to have a high birth we™ "t infant (OR 1.16, P <0.01).
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Table 6: Rates and odds ratios of giving birth to a low birth weight infant. Newfoundland

and Labrador, 1992-2005

_T_KCICI'CI’IC€ roup

Charactenstuc N n %] OR’ 95% Cl1| P-value
Infant sex

Male' 33,958 468 | 1.4 | Ref.

Female 32,680 609 19| 1.25] 1.10,1.41 | <0.001
Census Divi

17 32,213 524 | 1.6| Ref.

2 3,198 55 1.7 0.93 | 0.69,1.25 0.637

3 2,242 39 1.7 0.90| 0.64,1.28 0.568

4 2,811 62 22| 1.10] 0.81,1.43 0.618

5 5,109 68 1.3 0.82 ] 0.63,1.07 0.139

6 4,589 65 14| 082 0.62,1.06 32

7 4,285 78 1.8 098 | 0.76,1.27 0.893

8 5,031 72 14| 0.76 | 0.58,0.99 0.044

9 2,404 40 1.7 0.86| 0.61,1.22 0.399

10 4,756 74 1.6 091 ] 0.71,1.18 0.494
Maternal age (y)

<20 5,669 112 20| 092 | 0.74,1.15 0.461

20-34 54,978 844 | 1.5 Ref.

>34 S 00] 121 "0 145 1.18,1.77 | <0.001
Marital status

Single 18,516 365 20| 1.19| 1.03,1.37 0.021

Married’ 47,079 683 | 1.5| Ref.

Separa idowed/Divorced | 1,013 28 28| 1.83] 124 7T 0.002
Parity

17 31,505 627 | 2.0| Ref.

2 25,114 309 12| 066 | 0.57.0.76 | <0.001

3 7,424 88 1.2 0.60 | 0.47,0.76 | <0.001

4+ 2,5%9 83 1| 098 | 0.72,1.32 0.868
Socioeconomic >tatus

Decile 1 (lowest) 66,638 | 6,467 99| 1.28| 1.02,1.60 0.035

Decile 2 66,638 | 6,555 | 10.1| 1.01 | 0.80,1.28 0.916

Decile 3 66,638 | 6,446 99| 088 | 0.68,1.13 0.302

Decile 4 66,638 | 6,668 | 10.2| 1.01 | 0.83,0.3] 0.739

Decile 57 66,638 | 6254 | 9.6| Ref

Decile 6' 66,638 | 6,990 | 10.7 | Ref.

Decile 7 66,638 | 6,313 9.7 0.77 | 0.59,0.99 0.044

Decile 8 66,638 | 6,637 | 102} 1.01 | 0.79,1.27 0.961

Decile 9 66,638 | 6,316 9.7 0.75| 0.58,0.98 0.032

Necila 10 (highest) 66,638 | 6,499 | 10.0| 0.75| ( 0.028

Odds ratios  195% confidence intervals calculated using multinomial logistic regression
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Table 7;: Rates and odds ratios of giving birth to a high birth weight infant,
Newfoundland and Labrador, 1992-2005

Characteristic N rl o4 OR 95% C1 | P-value
Infant sex
Male’ 33,958 | 7,064 | 20.8 | Ref.
Female 32,680 | 4,241 | 13.0| 0.57 | 0.55 059 | <0.001
Census Division
17 32,213 | 5,550 | 17.2| Ref.
2 3,198 514 16.1| 092 | 0.83,1.02 0.129
3 2,242 367 | 16.4| 1.00| 0.88,1.13 0.990
4 2,811 383 | 13.6| 0.81 | 0.72,0.91 0.001
S 5,109 942 | 184 | 1.09| 1.01,1.18 0.033
6 4,589 726 | 15.8 | 091 | 0.83,0.99 0.024
7 4,285 726 | 169 1.00| 0.92,1.10 0.926
8 5,031 763 | 152 | 0.88 | 0.81,0.97 0.007
9 2,404 445 | 18.5| 1.15| 1.03,1.29 0.017
10 4756 889 | 18.7| 1.13| 1.04,1.23 nnng |
Maternal age (y)
<20 5,669 7221 12.7| 091 | 0.83,0.99 0.045
20-34" 54,978 | 9,521 17.3| Ref.
>34 5,991 1,062 | 17.7| 0.95| 0.88,1.02 0.132
Marital statu
Single 18,516 2,589 | 14.0| 0.82 | 0.78.0.86 | <0.001
Married’ 47,079 | 8,561 | 18.2 | Ref
Separated/ Widowed/Divorced 1,013 1491 147 | 0.72 | 0.60,0.86 | <N NQ] |
Parity
1’ 31,505 | 4.468 | 142 | Ref
2 25,114 | 4,869 | 194 | 1.39| 1.33,146 | <0.001
3 7,424 1,439 | 19.4| 1.39| 1.30,1.49 | <0.001
4+ 2,582 251 o0 1,50 1.34,1.66 | <nnni
Socioeconol ¢ Status
Decile 1 (lowest) 66,638 | 6,467 99| 0.85] 0.78.0.92 | <0.001
Decile 2 66,638 | 6,5551 10.1| 0.89 ] 0.81,0.96 0.005
Decile 3 66,638 | 6,446 | 99| 1.02]| 094,1.10 0.705
Decile 4 66,638 | 6,668 10.2| 1.01 | 0.94,1.10 0.737
Decile 5' 66,638 | 6,254 | 9.6| Ref
Decile 6" 66,638 | 6,990 | 10.7 | Ref.
Decile 7 66,638 | 6,313 9.71 091, 0.83,0.99 0.022
Decile 8 66,638 | 6,637 | 10.2| 094 | 0.87,1.02 0.152
Decile 9 66,638 | 6,316 9.7| 095 0.87,1.03 0.225
Decile 10 (highest) 66,638 | 6,499 nnl 1021 (094 1.11 0 A1
rReference oup
Odds ratios:  95% confidence intervals calculated using multinomial logistic regression
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infant (OR 1.3 95% CI 1.33-1.46 for parity of two; OR 1.39, 95% CI 1.30-1.49 for
parity of thr , and OR 1.50, 95% CI 1.34-1.66 for parity of four or greater) (Table 9).

Parity remai: 1 statistically significant throughout all cycles of the regression analysis.

4.4.4 Prenat  Care

Compared to women who initiated prenatal care in the first trimester of their pregnancy,
women who in ated care in the second or third trimesters were less likely to have a high
birth weight infant (OR 0.88 and 0.72, respectively, P < 0.01). There was no effect of

initiation of  enatal care on risk of delivering a low birth weight infant.

4.4.5 Toxic «posures due to Maternal Lifestyle and Behaviours

Compared to women who had a normal birth weight infant, women who smoked during
pregnancy \ e more likely to have a low birth weight infant (OR 2.05, P < 0.01) (Table
8) and less likely to have a high birth weight infant (OR 0.47, P <0.01) (Table 9). Drug
use and alcohol consumption during pregnancy were not significantly associated with

birth weight :omes.
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CHAPTER §

DISCUSSION

5.1 Introduc on

The aim of this study was to describe the birth weight distribution of infants born in
Newfoundland and Labrador from 1992 to 2005 and identify factors associated with
adverse birth weight outcomes. The use of vital statistics data provided a practical data
source, but « anges to the Live Birth Notification form, coding differences and changes
in data entry practices over : 14-year period made aggregation of the data a challenge.
The final analysis file contained nearly 90% of all birth records. The results are therefore

considered representative of the general population.

5.2 Study Pop ation

The majority of infants born full term in Newfoundland and Labrador from 1992 to 2005
were within e normal birth weight range, with 81.4% of infants (N=54,256) weighing
between 2,500 and 4,000 grams at birth. High birth weight accounted for the vast
majority of infants with birth weights outside the normal range with 17.0% of infants
(N=11,305) weighing above 4,000 grams; low birth weight accounted for the remaining
1.6% (N=1 '7). In general, the distribution of low and high birth weight according to
maternal characteristics was consistent with previous research, as described in more
detail in fur :rsections. Low birth weight was more prevalent among younger and older

\Y El \%} t ) \
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levels of education, and women living in neighbourhoods with the lowest socioeconomic
status. Smaller babies were also more common among mothers who had hypertension,
anemia, drar :ohol or smoked during pregnancy. The proportions of high birth weight
infants were higher among mothers who were older, married, had higher levels of

education, lived in the wealthiest neighbourhoods, had other children, or were diabetic.

Intrauterine growth restriction (IUGR) is a term that is used to describe poor growth of a
fetus while in utero. As a medical risk factor associated with pregnancy, it is diagnosed
using ultrasound technology. IUGR was included as a field on the Live Birth
Notification »rm from 1992 to 2002. Of the 907 full term gestation infants weighing
less than 2, grams at birth during this time, IUGR was only noted on the birth
registration fo 1 for 215 of them, or 23.7%. There are a few possible explanations.
First, [IUGR may not have been identified during pregnancy. This is especially likely for
women that only had an 18 week ultrasound, which constitutes the majority of
pregnancies, since IUGR cannot be identitied at this early stage of pregnancy. It is also
possible that the attending physician completing the birth registration form did not fill out
the form co ctly or completely, although information on fetal growth is expected to be
documented on the prenatal record. Finally, the attending physician may not have cen
aware of the IUGR if he or she was not the physician that provided prenatal care to the
mother. Although these reasons are speculative, they all tikely contribute to the poor data

quality of this field on the birth registration form.
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5.3 Birth W, ‘Trends

Results from the study indicate that mean birth weight and rates ol igh birth weight have
significantly increased in Newfoundland and Labrador from 1992 to 2005, while rates of
low birth weight have significantly decreased. The provincial h  birth weigl rate of
17.5% for t period from 2002 to 2005 is higher than the Canadian rate of 12.5%
(Statistics Canada, 2004; Statistics Canada, 2005; Statistics Canada, 2006a; Statistics
Canada, 20 . The finding of increasing birth weight is consistent with that found in
previous studies investigating birth weight trends in developed countries (Orskou.
Kesmodel, Henriksen and Secher, 2001; Ananth and Wen, 2002; Kramer et , 2002;
Wen et al., 2003; Health Canada, 2003; Surkan, Hsieh, Johansson, Dickman and
Cnattingius, ~)04; Amigo, Vargas and Rona, 2005; Bell, 2008). Since the investigation
included only those infants born at term (37 to 41 completed weeks of gestation) it can be
inferred that increases in birth weight reflect increases in fetal growth during pregnancy.
Increases in the provincial rate of high birth weight may be due in part to significant
increases in the rate of high birth weight in Census Division 1, which accounts for almost

half of the f  vince’s total number of births.

Although C sus Division 1 had significant increases in high birth weight rates from
1992 and 2005, the highest rates of macrosomia were concentratc in Census Divisions 5,
9 and 10. Low birth weight was highest in Census ™ 'vision 4. Further investigation,
including a comparison of the determinants of birth we™ ™ t between Census Divisions, is

required to explain the ger  aphic variation in birth weight rates.

69



Overall, upv d shifts in birth weight in Newfoundland and Labrador may be explained,
at least in part, by changes in maternal demogra) ics. The significant increase in the
proportions of older and more educated mothers may be responsible for increases in birth
weight. The increase in the proportion of mothers aged 35 years of older from 6.2% to
12.6% from 292 to 2005 mirrors the increases documented in Alberta and Nova Scotia
(Tough et al., 2002; Fell et al., 2005). Although, the proportion of unmarried mothers
increased siy ficantly from 25.0% to 40.8%, it is believed that this is not an indication of
increases in the proportion of unpartnered mothers, but instead a reflection of increased
numbers of women who are co-habitating or living common-law. This notion is
supported t study conducted in Finland by Raatikainen, lleiskanen and lleinonen
(2005) who found that 74.6% of women who were unmarried during pregnancy were
cohabitating with their partners. Data on the Live Birth Notification forms for 2002 to
2005 indice  that 63.9% of mothers who were never married were living together with
their baby’s father as a couple. Furthermore, the majority of mothers who were legally
separated, divorced, or widowed were also co-habiting with thc  baby’s father, 52.2%.

76.6% and ‘0, respectively.

5.4 Predict s of Abnormal Birth Weight

The results demonstrate that there are several factors significan / associated with birth

weight outcomes in Newfoundland and Labrador.
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5.4.1 Infant x

Throughout each cycle of the regression analysis, female infants were more likely to be
low birth weight and male infants were more likely to be high birth weight. This
suggests that i1 int sex is a strong and statistically significant predictor of birth weight,
with female fants having a 25% greater chance of being low birth weight and 43% less
likelihood of being high birth weight. This is consistent with previous research findings
from Englar  Australia, and Canada that report male infants ge rally weigh more than
female infants  birth (Dougherty and Jones, 1982; Guaran, Wein, Sheedy, Walstab and

Beischer, 16 -; Nault, 1997; Kramer et al., 2001).

5.4.2 Mater 1l Demographic Factors

Although a  ghtly higher proportion of mothers less than 20 years of age had @ »w birth
weight infant compared to mothers aged 20 to 34 years (2.0% vs. 1.5%), younger mothers
were less likely to have a low birth weight infant when odds ratios were calculated in the
multivariate analysis. This finding, along with the finding that older mothers are more
lit "y to have a low birth we it infant, are contrary to the =~ = of some previous
studies whi suggested that low birth weight was associated with younger materr  age
(Ng and Wi ins, 1994; Nault, 1997; Crosse, Alder, Ostbye, and Campbell, 1997). These
studies based their findings on comparisons of low birth weight rates by mother’s age but
did not cal¢ ate odds ratios for low birth weight by mother’s age. One of the studies that
did find an association between low birth weight and older maternal age (Tough.

Svenson, Johnston and Schopflocher, 2001) used mothers aged 12 to 19 years as the
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reference group so the tindings cannot be directly compared to the findings of this study.
However, the findings can be partially compared to those of Joseph et al. (2005) who
found that mothers aged 30 years or greater were more like + to have s all-for-
gestational-z abies. In the current study, the associations between mother’s age and
risk of havii low birth weight infant were eliminated when smoking, drug use, and
alcohol cons nption were added to the regression model, suggesting that there may be

associations  tween mother’s age and substance use during pregnancy.

The association between mother’s age and high birth weight is unclear since the odds
ratios and s icance values of younger and older mothers delivering a large baby
varied dependi ; on the variables included in the regression model. Older maternal age
was associated with decreased risk of high birth weight when maternal education and
substance usc were included in the model. There was no association when initiation of

prenatal care and clinical covariates were added to the model.

Fii th udy indica that to have a protective effect
when it comes to low birth weight, however, rried women arec more likely to have a
high birth v ight infant. The elevated risk of low birth weigl (OR 1.19. P < 0.05)
among unmarried women found in this study was very similar to that found by Tough,
Svenson, Johnston and Schopflocher (2001) (OR 1.18, 95% CI 1.08-1.29). The odds
ratio was also  nilar to that found by Raatikainen, Heiskanen and einonen in 2005 (OR

1.17, 95% CI 1.03-1.32) who postulated that unmarried status may reflect other risk
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factors rather than being an independent risk factor. The findings of this study support
this theory giv.  that single marital status was only significant during the first round of
regression ai  |ysis which included infant sex, Census Division, maternal age, [ ity and
socioeconon : status. When mother’s education, initiation of prenatal care, clinical and
lifestyle factors were added to the analysis, single marital status was no longer significant
tor low birth reight. Raatikainen, Heiskanen and Heinonen tfound that unmarried women
are more often primiparous, more often unemployed, and smoke more than married
women. They further noted that unmarried women are also more likely to experience
emotional st ss compared to married women in stable marital situations. It is likely that
the effects ¢ single marital status in future research may be less signilicant as marital
practices continue to change in the direction of more cohabiting unions, instead of

traditional n  ‘riages.

Odds ratios r low birth weight among women that were separated, widowed or divorced
were higher and remained significant through most of the regression analysis compared
to those fou r single women, with OR values ranging from 1.42 to 1.83. This further
supports the theory proposed by Raatikainen, Heiskanen and Heinonen (2005) th. the
results for s : marital status are affected by women living in common-law unions and

may not be an accurate reflection of unpartnered status.

Examining the associations between maternal education and socioeconomic status with

birth weight outcomes posed a number of challenges. As previously stated, education
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data had been collected in two ways over the course of the study }  od. While a logical
approach we taken to categorize the number of years of education into one of three
groups (less thi  high school, completed high school or education beyond high school).
there were | ly instances whereby mother’s educational attainment was misclassified.
In addition, data on maternal education was missing for 3% of mothers. However, this
data were missing at random and were unlikely to have biased the results. Individual-
level data were not available for socioeconomic status. A proxy measure of
socioeconon - status was obtained by linking the mothers’ postal codes on the birth
registration forms to a set of socioeconomic status scores that had been previously
developed for another research study (Audas, Cirtwill and O’Keefe, 2007). Mothers
were grouped (o quintiles and deciles based on their socioeconomic status using cut-
points deriv  from the study population. Mothers were subsequently grouped according
to how they ranked in comparison to each other. rather than how they ranked in the
general population. However, since this was a population-based study this probably did

not have a large impact on the findings.

The distribution of maternal characteristics across socioeconomic status quintiles in this
study was s ilar to that found by Luo, Wilkins and Kramer (2006) who analyzed the
effect of ne hbourhood income and maternal education on bir  outcomes in Quebec
using birth  jistration data on infants born from 1991 to 2000. Both studies found that
compared to mothers living in the richest neighbourhoods, mothers living in the poorest

neighbourh« ds were more likely to be less than 20 years of age, married, and not have
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5.4.3 Maternal Morbidity during Pregnancy
The study re ed that maternal morbidity during pregnancy was associated with both
low birth we :ht and high birth weight outcomes. Hypertension was predictive of low

birth weight while diabetes and anemia were associated with high birth weight.

Although equal percentages (16.8%) of high birth weight infants were born to women
who had hypertension during pregnancy and those that did not, a higher percentage of
low birth weight infants were born to mothers that had hypertension during pregnancy
(5.0%) com red to those that did not (1.5%). The regression analysis revealed that
hypertension ¢ ring pregnancy had no association with high birth weight outcomes.
However, w nen that were hypertensive during pregnancy were 3.3 times more like / to
have a low rth weight infant (P < 0.01).  Similar odds ratios ave been identified in
other studies (Fang, Madhavan and Alderman, 1999; Samadi et al., 1996; Xiao. Sorensen,
Williams and Luthy, 2003; Gilbert, Young and Danielsen, 2007). This may be explained
by the fact 1at hypertensive women delivered earlier than non-hypertensive women;
31.6% of hypertensive women had delivered by 38 weeks compared to 17.6% of non-

hypertensive women.

Anemic moth ; were almost twice as likely to have a high birth weight baby compared
to non-anemic mothers. This finding is contrary to earlier studies which found anemia to
be associated with low birth weight outcomes (Lone, Qureshi, and Emanuel, 2004:

Mahajan, Sit *, Shah, Gupta and Kochupillai, 2004; Scholl. 2005). The reliability of
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this finding  uncertain due to the small percentage of anemic mothers in the study
population (0.5%). Furthermore, since the cause of the anemia could not be ascertained
from the birth registration record, the association between anemia and birth weight could

not be adequately explored.

Results for diabetes and birth weight were as expected based on previous research
(Boulet, Alexander, Salihu and Pass, 2003). Diabetic mothers were more than twice as
likely to deliver a high birth weight infant compared to non-diabetic mothers (OR 2.4, P
< 0.01). Al o>st one-third (31.7%) of mothers who had insulin dependent diabetes gave

birth to ahi birth weight baby.

5.4.4 Obste ic Factors

The percentage of mothers giving birth to high birth infants increased with the number of
children born. High birth weight ranged from 14.2% among first-time mothers to 20.3%
among mothers having their fourth child or greater. Parity greater than one was
associated with decreased risk of low birth weight and increased risk of high birth weight.
These findings are consistent with previous research that found a linear relationship
between parity and birth weight (Tough et al., 2001; Orskou et al., 2003). Although
women are wing fewer children compared to previous generations, second or third-born

children are still more likely to be heavier than their older siblings.
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5.4.5 Prenat Care

Previous investigations into the association between prenatal care and birth weight have
reported mixed findings. Although the relationship between prenatal care and restricted
fetal growth as not significant in the regression analysis, initia »n of prenatal care in
the second or third trimester was associated with decreased risk of dclivering al :h birth
weight infant. Reichman and Teitler (2005) stated that the effectiveness of prenatal care
in improving birth outcomes is difficult to prove given that randomized ex; ‘iments
would deprive women of care and thus would be unethical to carry out. The authors
tfurther stated that mothers least at risk of adverse birth outcomes were the most likely to
get early pren: . care, therefore estimates of the effects of prenatal care were likely to be

overstated.

There are ¢, ms that there is little that prenatal care can do to nprove aggregate birth
outcomes because most pregnancy complications are the result of behaviours and life
circumstanc  that precede pregnancy (Reichman and Teitler, 2005). There is little doubt
however that medical care during pregnancy is extre  :ly important for mothers and their
babies. Establishing the characteristics of women who do not seek prenatal care or seck
care late in their pregnancies requires investigation among & Newtounc ind and
Labrador population. Lack of health insurance, found to be associated with absent
prenatal care in other studies (Maupin et al, 2004), cannot explain the lack of or delayed

prenatal care in Newfoundland and Labrador ‘ven that the population benefits from
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use includin 1oking, alcohol consumption and illicit drug use. The first factor that
potentially impacts on the quality of the data collected on the prenatal record relates to

physician practice of asking pregnant patients questions pertaining to substance use.

Physicians’ rel tance to screen pregnant women for substance use stems from a host of

factors including concerns and misconceptions about the risks associated with treating
pregnant sul ce users, a lack of knowledge about addiction and referral options, and a
lack of confidence in treatment programs (Chasnoff, Neuman, Thornton, and Callaghan,
2001). Phy :ian esitation may also be based on the assumption that substance use is
not prevalent among their patients. This misconception is evident by estimates from the
2005 Canadian Community Health Survey in which 23.8% of Canadian mothers reported
that they smoked during their last pregnancy and 11.7% reported consuming alcohol
(Statistics C 1ada, 2006b). Questions on drug use during pregnancy were not included in
the survey. In addition to physician discomfort in questioning women about their
substance use istory, the quality of the data recorded on the renatal record is also
influenced t reluctance among women to admit unfavourable behaviours. This response
bias may underestimate the true number of women that use substances during pregnancy

(Jacobson, Chiodo, Sokol and Jacobson, 2002; Kenr  Heard and Chan, 2005).

Another factor affecting the quality of substance use data reported on the Live Birth
Notification form relates to the collection of these data in the hospital setting. At
approximat 7 20 weeks gestation, a copy of the prenatal record is provided to t - mother

by her phys t which sl is to br"  to future pr 1tal care visits so it can be up ~ :d.
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When she goes for delivery she is to bring it to the hospital so it can be added to her
medical chart. If the mother fails to bring the prenatal record to the hospital, or if the
record is missing information on substance use during pregnancy, the hospital staff must
seek this information after delivery in order to record it on the birth registration form. As
with the pre: tal care setting, there exists hesitation on the part of the hospital staff to ask
mothers qu¢ 1ons pertaining to these issues, and reluctance on the part of mothers to
respond trut ully. This is particularly true just after delivery, given women’s fear of
having their children taken into care, fear of legal consequences, shame and guilt (Koren,
Chan, Klein and Karaskov, 2002). For these reasons, data pertaining to substance use

during pregnancy on the birth registration forms may be underreported.

There are « 1er limitations to data reported on the birth registration form: type of
substances 1 :d is not captured, nor is the frequency or quantity of substance use. This
information ould be particularly useful for examining how the degree of substance use
impacts we: 1t outcomes of infants at birth. In previous research, low birth weight rates
have been shown to increase as the number of health-compromising Behaviours increases
(Okah, Cai, a . Hoff, 2005). The effects of multiple compromising behaviours and

specific combinations of behaviours should be included in future research.
The small proportions of women using substances during pregnancy, particularly alcohol

and drugs, 1y not have provided sufficient numbers to adequately test the association

between su tance use and birth weight outcomes. Alcohol use was significant in the
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bivariate analysis, and appeared to have a tendency toward low birth weight (OR 2.38),
although the association was not s* ificant. However, consiste  with numerous prior
investigatiot  smoking significantly increased women’s risk of delivering a low birth
weight infant (OR 2.05, P < 0.01) and decreased risk for having a high birth we ht baby
(OR 0.47, P < 0.01). With additional years of data, and inclusic of infants born at all
gestational : s, the impact of drugs and alcohol on infant weight may be more fully

studied.

5.5 Strengt! and Limitations

This is the f 5t known study that examined birth weight outcomes, associated trends and
determinants, specific to the Newtoundland and Labrador population. Since the study
was population-based the results can be generalized to the entire population. The study
covered a ti ¢ period expanding 14 years, therefore, there was a large sample ava 1ble
for analysis. This was particularly useful for investigating low birth weight given such
births usually account for only 1-2% of term births each year in Newfoundland and
Labrador. * @ large data set was sufficient to analyze trends over time as well as include
a large number of predictor variables in the regression model. Overall, the quality of the
data was very good and missing data was minimal. However, the representativeness of
some findi1 3, in particular those related to substance use, is uncertain. The use of data
elements captured on the Live Birth Notification form meant there were a sclect number
of variables available for inclusion in the study. Therefore, the study included only a

partial list «  factors that could increase risk for adverse birth w "~ "it outcomes. Notably
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absent from the analysis were mother’s pre-pregnancy BMI and gestational weight gain.
Both of these factors have been found to impact birth weight, with increased weight gain
and BMI associated with higher birth weight (Shapiro, Sutija and Bush, 2000; Kramer et
al., 2002; S 1, Hsieh, Johansson, Dickman and Cnattingius, 2004). The influence of
maternal BMI is particularly important given rates of overweight and obesity in
Newtfoundle |and Labrador is at an all time high, with almost two-thirds (64.5%) of the
population ed 12 years and older overweight or obese, compared to 50.3% of all

Canadians (Newfoundland and Labrador Centre for Health Information, 2007).

Of the data :lds that were available in the Live Birth System, not all were avi  able for
all years. F instance, smoking, alcohol consumption, and drug use were only available
for years 2002 to 2005. This may have had a particular effect on the power of the model
to detect associations between substance use and birth weight. Furthermore, vital
statistics data are noted for their lack of precision in reporte diagnosis of medical
conditions and morbidities (Boulet, Alexander, Salihu and Pass, ~)03). These problems
would not | i} cted to vary by birth weight and therefore should not have b™ ed the
results. As previously stated, lifestyle factors such as smoking and alcohol use during
pregnancy ! .y have been underreported, which would have biased the results towa  the

null value of no difference.

It can be argued that weight for gestational age may have been a better outcome measure

‘ven that  would have ~ 2n into account infant weight at any gestational age thus
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allowing for the inclusion of all infants born in the Province. For example, a baby can be
born term wit a weight greater than 2,500 grams but still have had fetal growth
restriction it s weight is low compared to most other infants born at that gestational age.
A population-based Canadian reference for birth weight for gestational age was
developed by Kramer et al. (2001) for the Canadian Perinatal Surveillance System. The
growth chart defines a small-for-gestational-age (SGA) infant as one whose weight falls
below the 10" percentile for its gestational age (in completed weeks). A large-for-
gestational-  : (LGA) infant is one whose weight is above the 90" percentile for
gestational 2. However, the use of weight-for-age charts for assessing fetal growth
does have i itations. Data used to create the size-for-gestational-age charts are based on
the weight distributions of infants who are born at a given gestational age, but do not
include we its of fetuses that remain in wfero at each gestatic 1l age (Hutcheon and
Platt, 2008). This is especially problematic for infants born preterm. Hutchcon and Platt
state that preterm births are not normal pregnancies and should not be used to
characterize the growth patterns of the full conception cohort. The charts are therefore
based on the weights of an extremely small fraction of the total birth population and
introduce a bias into studies of fetal growth. The limitations of p natal growth standards
have deterred some neonatologists from using them to replace birth weight standards
(Ehrenkranz, . 07). Finally, the lack of a standard definition for high birth weight meant
that direct  mparisons could not be made with some other studies. This is a common

problem in rinatal epidemiology (Boulet, Alexander, Salihu and Pass, 2003).
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

Birth weight outcomes in Newfoundland and Labrador are associated with infant sex and
a combination of individual and community-level maternal characteristics including age,
marital status, education, socioeconomic status, parity, timing of prenatal care, smoking,

and medical conditions including hypertension, anemia and diabetes.

Infant birth  :ight has increased significantly in Newfoundland and Labrador from 1992
to 2005, with the heaviest infants concentrated on the Northern Peninsula and in
Labrador. Rises in high birth weight rates and mean birth weight have been accompanied
by significant declines in the proportion of infants born in the w birth weight range.
Increases in infant weight at birth are at least partly tied to changes in maternal
demograph  including increasing maternal age and education. Further research is

required to explain the geographic variability in birth weight across the province.

As women co inue to delay child-bearing and attain higher levels of education, and as
conditions as overweight, obesity and diabetes continue to rise, it is expected that
the proportion of bigger babies will grow. The monitoring of birth we 1t rates and the
relative contribution of the determinants of fetal growth will be a vital part of informing
policy and programs related to the provision of prenatal care to pregnant women. It is

recommended that intervention efforts, which often target mothers at risk for delivering
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low birth w infants, such as those having low socioeconomic status and those that

smoke durir  pregnancy, be modified to accommodate the growing group of mothers at
risk for deli- -ing high birth weight infants. With the promotion of better heal among
women of child-bearing age, and increased awareness of the importance of healthy birth

weight, it may be possible to curb the big baby boom.
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Taken from

The process

das, R., Cirtwill, C., & O’Keefe, B. (2007).

ir converting po 1l code data to the SES indicator is as follows:

Postal codes were link  to a Dissemination Area (DA) through Statistics Canada
Post Code Conversion ile

Each DA is assigned an SES ‘score’ based on its characteristics from the 2001
Census. 13 accepted indicators are used to compute a measure of SES for each

schc

O 0CO0OO0OO0OO0OO0OO0OO0OO0OO0OO0O0

s enumeration £-2as:

the proportion ~* the labour force in high-status occupations;
the proportion "the population holding a university degree;
the proportion of the population having less than a high school diploma;
average income;
the proportion of 15-t0-24-year-olds not participating in education;
average home value;
average rent;
1ie proportion of one-parent families;
1e employment rate for adults;
1c unemployment rate for adults;
1ec employment rate for youths aged 15 to 24;
1e unemployment rate for youths aged 15 to -24
1e proportion of households classified as “low income’.

Each of these indicators was standardized using the provincial average and, in the

casc
sum

' In the othe
3,5,8,10 anc

12 items Mo ve w1 L sale uusLLulL.

fitems3,5,8,1 12, 113 multiplied by —1'. The 13 items were th
zd to give a sing  indicator of SES for each enumeration area.

nber tends to suggesta h ier level of social affluence. For items
rests a lower level of sociar affluence; by multiplying them by -1, all
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