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Abstract

Background: Birthweight data are widely available through vital statistics making them a useful
tool for epidemiological analysis. Birthweight is a valuable correlate of child survival as in
general, in developing and developed countries. Seasonal variation in birthweight has been
reported and in developing countries this has been attributed to variation in food availability as
well as infections especially malaria. Low birthweight is a significant problem worldwide with
birthweight-specific infant mortality rising rapidly below the value of 2500g.

Aim of the study: The aim of analysis was to describe data sets from Papua New Guinea in order
to examine the birth-weight distribution patterns in relation to season, year and malarious and
non-malarious locations of birth. A second aim was to compare the pregnancy outcomes maternal
anaemia, blood loss and blood pressure for women delivering in a malarious or non-malarious
area.

Methodology: This was a cross-sectional and comparative descriptive analysis of birthweight
and delivery data from two hospitals in geographically distinct areas of Papua New Guinea.
These were routinely collected hospital data of consecutive women who delivered liveborn
singletons in Madang (a malarious area), or Goroka (a non-malarious area), for all years between
1973 and 1988. Data recorded included birthweight, maternal haemoglobin, sex of baby,
stillbirth, parity, day and month of delivery, duration of labour, systolic and diastolic blood
pressure, and visually estimated blood Ioss.

Results: Birthweight data were available for 18,416 live singleton deliveries from Madang and
25,988 live singleton deliveries for Goroka. Babies from Goroka were significantly heavier than
babies from Madang (difference 622g (95%CI 612¢g to 632g) p<0.001) and low birthweight was
more prevalent in Madang 22.1% vs 8.3% p< 0.01). Birthweight showed normal distribution but
with significant deviation at the left tail (p<0.0001), followed a secular trend with increasing
birthweights, Madang (¥ = 53.4, p < 0.0001, R = 0.461) and Goroka (X’ = 36.2 p < 0.0001). R* =
0.642) but did not show seasonal variation, Madang (X’ = 0.07, p > 0.967), and Goroka (¢ = 0.84
p> 0.656). There was no seasonal variation in low birthweight prevalence in Madang (x¢=1.97 p>
0.374). In Goroka low birthweight prevalence showed seasonal variation in multiparae (x(=6.63
p< 0.036). Mean haemoglobin level was significantly higher in Goroka than Madang, 2.9g/dl
(95%CI 2.84 to 2.94), p<0.001. The prevalence of anaemia was higher in Madang than Goroka,
87.6% vs 26.9%; difference 60.7% (95% CI 59.6 to 61.8) p<0.001. There was significant trend
towards increasing low birthweight risk with decreasing mean haemoglobin in primiparae and
multiparae from Madang (p<0.0001) and primiparae from Goroka (p<0.0001).

Conclusions: Low birthweight is more highly prevalent in Madang than Goroka, and factors
other than malaria such as nutrition and ethnicity are likely to also play a role. The effect of high
altitude on birthweight as seen in other countries was reversed. There was no seasonal pattern to
birthweight in either area for both primiparae and multiparae. This could be related to the fact that
there is no seasonality in malaria transmission in most of Papua New Guinea which experiences
year-round malaria transmission. Maternal anaemia was significantly associated with low
birthweight, independently from the association with malaria exposure. There have been
improvements in birthweight indices over the duration of the study although it is unknown if
these have continued beyond 1988 - 2005. Rainfall patterns were not directly associated with
birthweight indices in Papua New Guinea as described in Africa. Further analyses are required to
examine seasonal and secular trends in maternal blood pressure and estimated blood loss. An
appraisal of the current situation in these locations needs to be undertaken.
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Chapter 1 Introduction

Birthweight data are widely available through vital statistics which make them a
useful tool for epidemiological study. Birthweight is a powerful predictor of child
survival and in general in developing and developed countries the lower the birthweight
the higher a baby’s risk of infant mortality (Gyatt and Snow 2004). More recently
important associations between reduced birthweight and increased risk of adult morbidity
have been described amongst Western populations. This is the so-called Barker
Hypothesis (Godfrey & Barker 2000, Law 2002 Ellison 2005).

Some studies have demonstrated that birthweight values continually change over

time and this change is towards laréer babies (Garn 1987, Rosenberg 1988, Chike-Obi
1996, Wolfahrt ef al 1998, Kramer ef al 2002, Wu Wen et al 2003).
Seasonal variations in birthweight have been reported and in developing countries these
have been attributed to seasonal variation in food availability and infections (e.g.
malaria). Studies from Asia and several countries in Africa have noted correlations
between increased mean birthweight in the dry harvest season and reduced birthweights
in the wet planting season (Bouvier P et al 1997, Wendl-Richter 1997, Fallis and Hilditch
1989, Hort 1987, Prentice ef al 1987, Greenfield 1983).

Low birthweight (i.e. birthweight less than 2500g) is a significant problem
worldwide with up to 14% of babies born below this threshold. The highest prevalence
estimate of LBW is in South Asia and India where prevalence is as high as 26 - 35%
(WHO 2002). These figures may not be wholly representative as most babies in

developing countries are not weighed at birth as they are born outside of health facilities.



Birthweight-specific infant mortality rises below the threshold of 2500g. In South East
Asia this rise is more clearly observed with birthweights below 2000g.

There are many risk factors associated with low birthweight and most act in
synergy to increase the risk of reduced birthweight. Maternal factors include
undernutrition, extremes of maternal age, smoking in pregnancy, use/misuse of
recreational drugs, and a previous history of TUGR, hypertension in pregnancy as well as
specific maternal medical conditions. Fetal contributory factors include chromosomal
abnormalities, multiple pregnancy, structural abnormalities and congenital infections
(Kramer 1987, Loughana 2003).

Babies born at high altitude are generally smaller than babies born at lower
altitudes or sea level, but they do not seem to have a higher mortality as would be
expected for their small size (Krampl 2002). In Papua New Guinea babies of highland
women were much heavier than lowland babies (Klufio er a/ 1992, Brabin and Piper

1997, Allen et al 1998, Muller et al 2002). The reasons for this may relate to factors such

as the epidemiology of malaria, cultural diversity as well and dietary and genetic factors.

The prevalence of malaria parasitaemia is increased during pregnancy compared

to the non-pregnant state, and pregnancy itself is a major risk factor for malaria infection
and disease. Epidemiological studies on P. falciparum malaria in pregnancy conducted in
Africa, Asia, and the Pacific have demonstrated the increased susceptibility of
primigravidae to malaria infection in women living under conditions of perennial malaria
transmission (Jelliffe 1968, Bray 1979, McGregor 1983, McGregor 1984, Steketee 1988).

Severe anaemia, haemoglobin less than 7g/dl, is a major obstetric problem in

malaria endemic areas and primiparae living in malaria endemic areas have a high



incidence and prevalence of anaemia during pregnancy which can contribute directly and
indirectly to poor pregnancy outcomes including low birthweight.

Weather (rainfall, temperature and humidity) is the most obvious cause of
seasonality related malaria transmission and is an important predictor of malaria
epidemics because of effects on mosquito and parasite populations. In recent years the
weather phenomenon known as El Nifio, referring to the periods of strong and prolonged
warm weather, has taken prominence because of its influence on climatic conditions
worldwide. There has been growing recognition of the links between El Nifio and
disease, with epidemics of malaria showing strong correlation to the El Nifio cycle.
Seasonal forecasting is increasingly used to provide early warning of drought and studies
are under-way in some regions of Africa examining the application of seasonal
forecasting to malaria control (WHO 2000, Couper-Johnston 2001).

Papua New Guinea has enormous diversity in its geography, ecology and human

biology and this is reflected by the remarkably complex malaria epidemiology. Malaria is

mainly restricted to low-lying areas with all four species (Plasmodium falciparum, vivax,
malariae and ovale), although not all to the same extent. Various studies have shown that
low birthweight is of public health importance in Papua New Guinea. Low birthweight
prevalence has been estimated to be as high as 30% in some areas especially in
primiparous women (Klufio et al 1992, Allen et al 1998).

The aim of the study was to analyse and describe data sets from Papua New
Guinea in order to examine the birth-weight distribution in relation to season, year and
place, and make comparisons of malarious and non-malarious areas. A second aim was to

tabulate the available weather information (temperature, rainfall and humidity) from




Papua New Guinea for the period corresponding to the birthweight data sets and analyse

the indirect effects of weather conditions on birthweight.

The objectives of the study were, for the years 1973 — 1988, for a malarious coastal area

and non-malarious highland area of Papua New Guinea to:-

1. Determine seasonal variation in birthweight

2. Determine secular trends in birthweight

3. Compare birthweight distribution patterns

4. Describe secular and seasonal correlates of maternal anaemia, raised blood
pressure and post-partum haemorrhage

5. Analyse birthweight associations with weather conditions for the corresponding

years



Chapter 2 Literature Review

2:1  Birthweight

Birthweight data are widely available for most babies through vital statistics and
i often large numbers, which make them a useful tool for epidemiological study.
Birthweight is a powerful predictor of child survival and in general the lower the
birthweight the higher a baby’s risk of infant mortality (Guyatt and Snow 2004). At a
population level mean birthweight is associated with infant mortality as groups with
lower mean birthweight have higher infant mortality (Chalumeau 2000, Spencer 2002,
Spencer 2004). More recently important associations between reduced birthweight and
increased risk of adult morbidity have been described amongst Western populations. For
example, increased incidence of stillbirths in siblings of people suffering from coronary
heart disease, and intrauterine growth retardation has been associated with increased
incidence of hypertension, non-insulin dependent diabetes mellitus and raised cholesterol
levels. This is the so-called Barker Hypothesis (Godfrey & Barker 2000, Law 2002,

Ellison 2005).

2.1.1 Birthweight distribution

Birthweight distribution is generally recognised to be essentially Gaussian (bell-

shaped) with a small but important elevation of the left tail. Probability plots are

generally used to determine whether the distribution of a variable matches a given




distribution. Normal Q-Q plots plot the quantiles of the distribution against the quantiles

of any of a number of test distributions. If the selected variable matches the test
distribution, the points cluster around a straight line. The deviation from normality can be
demonstrated by the Lilliefors test which is a modification of the Kolmogorov-Smirnov
test which tests for normality when means and variances are unknown, but can be
estimated from the data. The Kolmogorov-Smirnov test is based on the largest absolute
difference between the observed and the expected cumulative distributions. (Massey
1951, Lilliefors 1967, Iman 1982).

Birthweight distributions are as a consequence usually recognised to be made up
of two sub-populations with different means and variances. The primary or major
component includes about 85 - 95% of mainly term births with normal in utero growth
and development, and the secondary component forms the left tail. The secondary
distribution is made up of mainly preterm babies and those with intrauterine growth
restriction. This residual component comprises birthweights associated with higher risk
of mortality, including perinatal mortality (Wilcox and Russell 1983, Umbach and
Wilcox 1996, Gage and Therriault 1998, Wilcox 2001, Guyatt and Snow 2005)

In Western populations, although many of the births in the residual tail are pre-
term nevertheless at the same time not all preterm births are in this tail. The predominant
distribution closely estimates the weight distribution of births at term, while the residual
distribution approximates the proportion of births that are small and preterm in these
populations. Birthweight distribution also varies according to parameters such as
ethnicity, maternal parity, fetal sex as well as geographical location (Wilcox and Russell

1983, Umbach and Wilcox 1996, Wilcox 2001). Male babies are on average heavier and




those born to primigravidae have lower mean birthweight than multigravidae. These

patterns occur in nearly all populations studied and are independent of ethnicity.

Figure 2.1  Birthweight distribution of a Norwegian population
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Figure 2.1 above shows a characteristic normal birthweight distribution for a
healthy Western population from Norway. The main features are the residual tail and the
mean and median birthweight are mostly between 3.2 - 3.4 kg. The maximum birthweight

rarely exceeds 5.51kg.

2.1.2 Secular trends in birthweight:

Secular changes in growth and development have been well documented for over
two centuries. This can be considered as the changing pattern of somatic development of
children in a particular population from one generation to another. Secular changes
usually imply an increase in body size and an acceleration of the rate of maturation, but
the opposite, a decrease in body size and a deceleration of maturation rate do
occasionally occur (von Wieringen 1986). Changes in the period of time needed for

completion of adult growth are influenced by the advancement, or delay, in the age at



menarche in girls, and the age at which maximum growth velocity is reached during
adolescence.

These secular changes are well defined and well documented for stature, weight
and age at menarche and have been also demonstrated for haemoglobin level, blood
chemistry, skeletal age and dental development, but little or no trends have been observed
for birthweight distributions (Eveleth & Tanner 1990). Some studies have demonstrated
that birthweight values continually change over time and this change is towards larger
babies (Garn 1987, Rosenberg 1988, Chike-Obi 1996, Wolfahrt et al 1998, Kramer et al
2002, Wu Wen ef al 2003). An interesting finding, however, has been the lack of
improvement in the percentage of low birthweight even despite an overall increase in

mean birthweight.

Figure 2.2 Mean birthweight in neonates born 1973 and 1994 in Denmark
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2.1.3 Seasonality of Birthweight

Seasonal variations in birthweight have been reported. In developing countries
this has been attributed to seasonal variation in food availability and infections (e.g.
malaria). Studies from Bangladesh, Papua New Guinea and several countries in Africa
have confirmed these findings and correlations have been noted between increased mean
birthweight in the dry harvest season and reduced birthweights in the wet planting season
(Bouvier P ef al 1997, Wendl-Richter 1997, Fallis and Hilditch 1989, Hort 1987, Prentice
et al 1987, Greenfield 1983).

Figure 2.3 below depicts the seasonal variation of birthweight in West Kiang
district in The Gambia. The data are all live births in the district from 1976 — 2004

(Rayco-Solon 2005).

Figure 2.3  Seasonal variations in low birthweight in West Kiang district in
Gambia
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Food supplementation has been most beneficial in increasing birthweight if
targeted during the wet season when food was scarce and of least benefit in the dry
harvest months when food was abundant (Ceesay et al 1997, Villar et al 2003,
Ramakrishnan 2004). Murray et al (2000) also reported a seasonal pattern in mean
birthweight related to mean daily maximum temperatures during the second trimester.
This was an analysis of 447,499 births to Northern Irish mothers in the period 1971 to
1986. The information was gathered from the computerised records collected from the

Department of Health and Social Sciences (Northern Ireland).

2.1.3 Seasonality of Birthweight

Low birthweight (birthweight less than 2500g) is a significant problem worldwide
with up to 14% of babies born below this threshold (table 2.1). The highest prevalence of
LBW is in South Asia where prevalence is as high as 26% (WHO 2004). These figures
are approximate estimates, as most babies in developing countries are not weighed at
birth as they are born outside of health facilities and hence are not weighed. Birthweight-

specific infant mortality begins to rise rapidly below the threshold of 25 00g.
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Table 2.0.1  Percentage and number of low birthweight infants by United Nations

regions

Region % Low Number low Absolute Number

Birthweight  birthweight infants Of newborn infants
infants (1000s) (1000s)

World 15.5 20269 132,882

More Developed 7.0 916 13,160

Less developed 16.5 19,713 119,721

Africa 14.3 4320 30,305

Asia 18.3 14195 77490

Europe 6.4 460 7185

Latin America &Caribbean 10.0 1171 11671

North America 77 343 4479

Oceania 10.5 27 255

Adapted from UNICEF/WHO 2004
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There are many risk factors associated with low birthweight and most act in
synergy to increase the risk. A contributory factor is prematurity. A newborn infant
should be appropriately classified depending on its gestational age and birthweight. In
terms of low birthweight the infant could be either small for gestational age (SGA) or
appropriate for gestational age (AGA). Malaria in pregnancy is an important risk factor
for SGA and preterm delivery in many less developed countries. Although low
birthweight has been used to classify term infants (>37 weeks gestation) as growth
restricted, a more precise definition would be to include babies who weighed below the
tenth percentile of the birthweight for gestational age, sex-specific curve (Williams er a/
1982).

Intrauterine growth restriction (IUGR) refers to a failure to fulfil intrauterine
growth potential. There are both maternal and fetal contributory factors to IUGR.
Maternal factors include undernutrition, extremes of age, smoking in pregnancy,
use/misuse of recreational drugs, and a previous history of IUGR, thrombophilia, or
hypertension in pregnancy as well as specific maternal medical conditions. Fetal
contributory factors include chromosomal abnormalities, multiple pregnancy, structural

abnormalities and congenital infections (Loughana 2003).

2.1.5 Genetic and constitutional factors

Maternal genetic factors have a direct effect on fetal growth and this influence
depends on the transfer of maternal genes on as yet unexplained maternal genetic factor
related to utero-placental function. Estimates put genetic influences on birthweight
variance at between 38 — 80%. and environmental factors at about 25%. Important

maternal factors include race, ethnicity, height and pre-pregnancy weight. It has also been
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from ‘Diagnostic Medical Parasitology’ by L.S. Garcia & D.A. Bruckner

noticed recently that pregnancy outcomes correlate in subsequent generations. Women
who were small for gestational age themselves were more likely to give birth to babies
who are small for gestational age and hence of low birthweight (Klebanoff e al 1998).
The paternal contribution to variance in birthweight is much lower and is estimated at
only 3% (Klebanoff er al 1998, Emmanuel e al 1999, Stephenson & Symmonds 2002,

Johnston et al 2002).

2.1.6 Racial and ethnic origins:

It has been shown from various studies that mean birthweight and low birthweight
prevalence differ between populations, but whether there is a genetic basis for this has
been the subject of much debate. There are many confounding factors within countries
and between countries that make it difficult to make firm conclusions. There are large
differences in both cultural and environmental factors between different ethnic groups
which have a bearing on factors such as socio-economic status, nutritional status and
potentially harmful behaviours which could directly or indirectly influence birthweight

(Kramer 1987,Collins e al 1993, Muntaner et al 1996, Gage and Therriault 1998).

2.1.7 Fetal sex:

The sex of the fetus is important through an effect on intrauterine growth rather than
gestational age. Male babies are generally heavier and at lower risk of IUGR compared
to female babies. On average term male babies weigh approximately 150grams more than
female infants. However, male babies have been reported to be at higher risk of poor

outcome than female babies of similar birthweight (Kramer 1987, Stevenson et al 2000).
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from ‘Diagnostic Medical Parasitology’ by L.S. Garcia & D.A. Bruckner

2.1.8 Maternal Age;

Lee et al (1988) reported that the highest incidence of low birthweight was in
mothers less than 17 years of age (3.2%), and gradually declined with age to 1.3% in
women 25 to 34 years and then rising slightly to 1.7% for those over 35years of age. This
study was in 184,567 term singleton live births from Illinois, USA with gestational ages
of 40 weeks and born between 1980 to1984. Babies born to adolescents have been noted
to be smaller than those born to adults and this difference is thought to be nutritional in
origin (Bwibo 1985, Borja & Adair 2003).

A study by Smith & Pell (2003) did not find an increased risk of adverse
pregnancy outcomes in first babies of women aged 15 — 19 years but risks were increased
in second teenage pregnancies. Some of these age-related differences may be confounded
by differences between adolescents and adult behaviour e.g. smoking (Delpisheh et al

2005).

2.1.9 Obstetric factors:

Pregnancy outcomes are more favourable for multigravidae than primigravidae.
However, grand multiparity is a risk factor for poor pregnancy outcome. Studies from the
Philippines and Tanzania have demonstrated that first-born children have lower mean
birthweight for gestational age, lower weight for height and a shorter gestation. These
differences remained after controlling for maternal age, education, nutritional status and
smoking in pregnancy (Miller 1994, Walraven et al 1997). The lower mean birthweight
of primigravidae compared to multigravidae is a universal finding in all populations in

which this has been examined.
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Other important obstetric factors to consider include pregnancy interval, a
previous LBW baby, previous termination of pregnancy, stillbirth or neonatal death,
premature rupture of membranes, vaginal bleeding and multiple gestations (Meyer 1976,
Bratton 1996). Short inter-pregnancy intervals especially if less than six months are an
important risk factor for low birthweight, preterm birth and stillbirth. Pregnancies
followed by a short inter-pregnancy interval more often had an unsatisfactory pregnancy

outcome (Zhou er al 1999, Al-Jasmin 2002, Melve ef al 2002, Smith et al 2003).

2.1.10 Nutritional factors

Weight gain in pregnancy is dependent on maternal dietary intake, pre-pregnancy
weight and height, length of gestation and the size of fetus and placenta (Kramer 1987).
There is an increased requirement for calories and nutrients during pregnancy and
micronutrient supplementation in pregnancy may be appropriate to maintain both
maternal and fetal well being. These micronutrients include iron, folate, vitamin A, zinc,
iodine, calcium and magnesium (Kramer 1999, Podja & Kelly 2000). The justification for
micronutrient supplementation varies according to the circumstances and nutritional
status of different pregnant populations.

Maternal undernutrition in late pregnancy is associated with reduced placental and
fetal weight at birth. Parity does not seem to have an important influence in maternal
weight gain in pregnancy. Birthweight is closely correlated with pre-pregnancy weight
and weight gain in pregnancy (Anderson & Bergstrom 1997, Stephenson & Symmonds

2002, Ceesay 1997).
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2.1.11 Physical stress

Increased work, exercise and/or physical activity during pregnancy has been
associated with low birthweight and/or pre-term birth. The only difficulty is that there is
no agreed definition for work and physical activity, and in addition the exact timing of
when the effects are most felt is not clearly defined (Lima et al 1999, Dye et al 2003). In
addition stress and distress may influence pregnancy outcome by influencing
physiological processes or indirectly by affecting maternal health behaviours. Stress is
defined as the recognition that an insult has occurred, while distress describes the
negative emotional states that may result from the perception of stress. Psychological
stress has been shown to be associated with gestational age in that premature deliveries
are more often than not preceded by stressful situations. In addition, stressful conditions
often lead to or result in risk taking behaviour including smoking, increased alcohol
intake and coffee drinking, which are in themselves risk factors for low birthweight and

pre-term birth (Rondo ez al 2003).

2.1.12 Maternal morbidity

During pregnancy common illnesses and symptoms such as upper respiratory
infections, fever, nausea, vomiting, diarrhoea, headache and anorexia could affect
intrauterine growth or gestational duration. This could be through various mechanisms
such as reduced caloric intake, the metabolic cost of maintaining febrile temperatures, or
mounting host defences. In addition the infection or symptom could lead to diminished
uterine blood flow, or even spread to the placenta and interfere with intrauterine growth

or result in premature delivery (Kramer 1987, Zhou er al 1999, Ludvigsson 2001).
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Intrauterine infection, which can either be intra- or extra-amniotic, is increasingly
being recognised as an important risk factor for preterm labour and delivery. However,
only aboutl2.5% of women with a positive bacterial culture will have clinical
chorioamnionitis as most are asymptomatic.

Bacterial vaginosis is a common condition and if left untreated is a well
recognised risk factor for prematurity and premature rupture of membranes. Worldwide
treatment for asymptomatic bacteriuria has no effect on rates of prematurity (Romero et
al 2004). There are increased rates of prematurity and intrauterine growth retardation and
hence low birthweight in patients with chronic conditions such as valvular heart disease
(Hameed et a/ 2001). Women who have had an abortion are at increased risk of
delivering low birthweight babies in subsequent pregnancies (Zhou et al 2000). HIV
infection in women from Rwanda almost doubled the risk of prematurity and low
birthweight and trebled that of IUGR (Castetbon et a/ 1999).

The effect of maternal HIV infection is synergistic with malaria during
pregnancy, and has an additive influence on reducing birthweight (Kalanda et al 2005).
Maternal malaria infection has an adverse effect on pregnancy outcome. Studies have
shown that the proportion of LBW babies is higher in women with malaria-infected
placentae compared to those without. Prophylaxis against malaria in pregnancy results in
lowering the proportion of LBW babies, especially in primigravidae (Morgan 1994,

Matteelli 1996).

2.1.13 Maternal smoking
Smoking retards fetal growth and hence babies of smokers are generally smaller

than other babies and have a higher overall infant mortality. Smoking has an independent
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effect on infant mortality, thus making babies of smokers at twice the risk compared to
babies of non-smokers. Smoking during pregnancy is associated with intrauterine growth
restriction, but not prematurity (Murphy & Mulcahy 1971, Horta et al 1997, Dewan et al
2003). Smoking is commoner in women of lower social classes who are often already at
considerable disadvantage to start with (Ounsted & Scott 1982). Smith and Pell (2001)
established that in a cohort of pregnant teenagers, from Scotland, the rate of smoking was
about 47.5% in first pregnancies rising to 54.8% in second pregnancies. This compared to
27.4% and 34.1% respectively among pregnant women aged 20-29 years.

Alcohol if taken in excess not only causes the specific condition of fetal alcohol
syndrome but can result in increased rates of low birthweight, prematurity, [UGR and
stillbirth (Lundsberg ez al 1997). Increased amounts of alcohol in pregnancy also may

precipitate spontaneous abortions (Cogswell ez al 2003).

2.1.14 Altitude

Babies born at high altitude are generally smaller than babies born at lower altitudes or
sea level, but they do not seem to have a higher mortality as would be expected for their
small size. The relative size of the babies born at high altitude is inversely correlated with
the number of generations of high altitude residence. This is quite clearly borne out by
the Aymaras or Quechuas of South America, and Tibetans who give birth to heavier
babies than women of European ancestry in South America, or Han women in China
living at high altitude (Yip 1987, Zamudio et al 1993, Krampl 2002).

The effect of altitude on birthweight may be an independent factor as shown by data from

Colorado, USA (Jensen and Moore 1997), or Bolivia (Giussani e al 2001), where babies
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of low income women living at low altitude had higher mean birthweights than babies of
higher income groups living at higher altitude. In Peru mean birthwei ght was estimated to
drop an average 65 g for every additional 500m increase in altitude between 2000 and

4500m (Mortola et al 2000).

Table 2.2 Comparison of newborn characteristics at high and low altitude in

Bolivia
Low Altitude High Altitude
(@ =775) (n = 1575)
Birthweight (g) 3363 + 18 3084 + 12*
Length (cm) 50.3 £ 0.1 48.7 £ 0.1*
Head circumference (cm) 344 %01 34.2 * 0.0*
Gestational age (wk) 389+ 0.1 3871019
Preterm (%) 8.8 (6.8 —10.8) 10.5 (9.0-12.1)
IUGR (%) 59 (4.2-7.5) 16.8 (14.9 — 18.6)*

Values are mean = SEM or proportions with 95% CI in parentheses.
*p<0.01;

12 <0.05.

(Adapted from Keyes et al 2003)

In Papua New Guinea babies of highland women were much heavier than lowland
babies (Klufio er a/ 1992, Brabin and Piper 1997, Allen et al 1998, Miiller et al 2002).
The reasons for this may relate to factors such as the epidemiology of malaria, cultural

diversity as well and dietary and genetic factors.
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