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ABSTRACT

Low birth weight is a health issue associated with increased infant mortality, stunted growth, and
hypertension in adulthood. Mothers that are born with low birth weight have an increased risk of
giving birth to low birth weight offspring. Thus, the purpose of my thesis is to investigate the
factors that cause low birth weight and the mechanisms of low birth weight transmission, and use
those findings to study low birth weight in the Dogon of Mali. The literature shows that adverse
maternal health conditions like depletion of micronutrients, low body mass index during
pregnancy, and stunted childhood growth increase the risk of low birth weight. Environmental
factors such as sibship size and resource availability not only influence birth weight, but also
influence childhood nutritional status and growth. Although the exact mechanisms of birth
weight transmission remain unknown, birth weight is most likely transmitted epigenetically. The
analyses on Dogon data show that maternal body fat percentage impacts low birth weight
prevalence. Therefore, the findings illustrate a quantity versus quality trade-off exists in relation
to birth weight. Since both sibship size and maternal health influence birth weight, both
components should be taken into consideration when studying this trade-off. In conclusion,
despite the current relevance of low birth weight as a public health issue, low birth weight may

also serve an evolutionary role through the selection against larger family sizes.
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INTRODUCTION

Low birth weight is defined as an infant weighing less than 2500 grams at birth, and can
result from factors such as preterm birth, nutrient deficiency, and limited space for growth in
utero due to short maternal stature and low body mass index (Martorell and Zongrone, 2012;
Walton and Hammond, 1938). Women who are born low birth weight have an increased chance
of delivering low birth weight infants (Baird, 1985), and mothers who have low iron levels
during pregnancy are more likely to have low birth weight offspring (Godfrey et al., 1991). The
negative health consequences of being born low birth weight extend throughout life. A study in
Stockholm found that men who were born with low birth weight were at risk for high diastolic
blood pressure greater than or equal to 90 mm Hg possibly due to restricted in utero growth and
placental blood flow (systolic blood pressure tended to be in a normal range below 145 mm Hg)
(Gennser, Rymark, and Isberg, 1988).

Systolic blood pressure and birth weight were inversely related among children aged five
to seven years in England and Wales (Whincup, Cook, and Papacosta, 1992). The average
difference in systolic blood pressure was 2.7 mm Hg between the lowest (below 2950 g) and
highest (3741-4880 g) birth weight classes, and this relationship remained true even after
adjustments for number of siblings and parental history of blood pressure (Whincup, Cook, and
Papacosta, 1992).

A study in Lancashire, England, on adults aged 46 to 54 years found that when birth
weight increased from less than 5.5 pounds (2494.8 grams) to more than 7.5 pounds (3401.9
grams), mean adult systolic blood pressure decreased by 11 mm Hg. When placental weight
increased from less than 1 pound (453.6 grams) to greater than 1.5 pounds (680.4 grams), mean

adult systolic blood pressure increased by 15 mm Hg. (Barker et al., 1990). Overall, people who



were born low birth weight and with heavy placental weights have the highest risk of increased
blood pressure as adults (Barker et al., 1990). When a mother has high blood pressure during
pregnancy, the risk of delivering a low birth weight infant is increased, which can further the
intergenerational transmission of low birth weight (Buchbinder et al., 2002).

Overall, these studies show that: (1) low birth weight negatively influences blood
pressure and (2) the negative effects of low birth weight carry over to subsequent generations.
First, through an extensive literature review, my thesis seeks to answer: (1) what are the major
factors that cause low birth weight, and (2) how is low birth weight transmitted across multiple
generations. Next, under the supervision of Dr. Strassmann, I analyzed data from an ongoing
longitudinal study in the Dogon Country in Mali to study the maternal health conditions that
influence the risk of having low birth weight offspring. Lastly, I compared the information from
the literature review and the data analyses to draw conclusions, propose directions for future low

birth weight research, and explain the evolutionary significance of low birth weight.



METHODS

I found and obtained all published articles through the University of Michigan library
databases, Web of Knowledge and PubMed. I used keywords like low birth weight, sibship size,
maternal depletion, infant mortality, and low birth weight transmission to find initial articles,
which I then used to find additional papers. I conducted the data analyses under the supervision
of Dr. Strassmann using the software, IBM SPSS Statistics 20, and I used data from an ongoing
longitudinal study in the Dogon Country, Mali. Dr. Strassmann and her research team have
followed and collected anthropometric measurements on 1,700 children since between 1998 and
2000, and currently forty-one of the females have given birth (Strassmann, 2011). I merged files
containing information about the mothers and their children in order to compare maternal
qualities like height and body mass index with offspring birth weight. I then did descriptive,
binary logistic regression, and bivariate correlation tests. Since the data on birth weight are part
of an ongoing longitudinal study, I recognize that sample sizes are small and future analyses

should include a larger sample size.



MATERNAL DEPLETION

Evolutionary theory states that there is a trade-off between the number of offspring born
and the amount of energy that is invested in each offspring, and therefore a quantity versus
quality trade-off exists among offspring (Lack, 1947). When the supply of nutrients is limited
during pregnancy, both the mother and the fetus must compete for resources, which increases the
risks for both maternal and fetal health complications. Maternal depletion is an imbalance in
maternal energy and micronutrient stores, which is a result of closely spaced pregnancies and
maternal undernutrition (DeSweemer, 1984). Women in the United States who gave birth within
two years after the start of menarche and women who conceived before eighteen months after
giving birth to their previous child are at highest risk for maternal depletion and adverse health
outcomes (King, 2003).

A study of Michigan women with interbirth intervals of less than eighteen months had a
fifty percent increased chance of having low birth weight children in comparison to women with
intervals of at least eighteen months (Zhu et al., 2001; Ventura et al., 1995). Children born
within eighteen months or less of the previous sibling’s birth are likely to be significantly shorter
in comparison to children born after long birth intervals (Desai, 1995). Women in Latin America
and the Caribbean with interbirth intervals of less than eighteen months had increased risk of
death due pregnancy, third trimester bleeding, prelabor rupture of membranes, anemia, and
puerperal endometritis, which is inflammation of the endometrium after childbirth (Lenders,
McElrath, and Scholl, 2000; Ventura et al., 1995).

The extent of maternal depletion varies depending on resource availability. The
resources the fetus receives versus those used for maternal health depend on the initial nutritional

status of the mother. Women in well-nourished populations gain fat stores, and women in low



resource populations experience fat depletion with each pregnancy (King, 2003; Miller, 2010).
Among rats when the mothers had food restrictions of about 25%, maternal body weight and
fetal body weight decreased by about 30% and 50% respectively (Berg, 1965). Therefore, food
restrictions will negatively affect both the mother and the fetus. Adolescent females who are still
developing gain fat stores during pregnancy to support maternal growth at the expense of fetal
growth, which is indicated by lower birth weights (Scholl, Stein, and Smith, 2000).
Undernourished women in Pakistan (those who weighed less than 45 kilograms before
pregnancy) had a positive weight change of about 5.1 kilograms between two subsequent
pregnancies, while offspring birth weight decreased from the first to second birth (Winkvist et
al., 1994).

A. Macronutrients and Micronutrients

Macronutrients can be defined as, “nutrients required in the greatest amounts:
carbohydrate, protein, fat or lipid, and water for the normal growth and development of an
organism” (Merriam-Webster). Micronutrients can be defined as, “any dietary element essential
only in minute amounts for the normal physiologic processes of the body, including vitamins and
minerals or chemical elements such as zinc or iodine” (Merriam-Webster). Both types of
nutrients are essential to the growth and development of the human body and are especially
important during pregnancy since the mother supplies the developing fetus with the nutrients.

The influence of all macronutrients on birth outcomes was analyzed among Spanish
women in the 1990s and the results show that protein was the only macronutrient that had a
significant influence on offspring birth weight (Cuco et al., 2006). However, among women in
southern England in the 1990s, maternal macronutrient nutrition was not related to placental

growth or offspring birth weight. Conversely, there was a positive association between vitamin



C levels and birth weight, and positive associations between vitamin C, vitamin E, and folate
levels with placental weight (Matthews, Yudkin, and Neil, 1999). Therefore, micronutrient
levels tended to influence pregnancy outcomes in this study.

All women can experience maternal depletion in response to pregnancy despite living in
a society where resources are plentiful or not initially being malnourished. Iron and folate are
depleted during pregnancy and iron is further depleted during childbirth due to blood loss. With
shorter intervals between pregnancies, folate will not be able to fully replete (Miller, 2010).
Maternal folate concentrations decrease after the fifth month of pregnancy and continue to
decrease at birth and for several months after pregnancy (Smits & Essed, 2001). Therefore,
maternal folate takes time to replete even after the pregnancy is over, so with intervals between
two successive births shorter than eighteen months, there is not enough time for folate to be fully
restored. In mothers without sufficient levels of folate during pregnancy, offspring have higher
risks of developing neural tube defects and being born preterm and low birth weight (Smits &
Essed, 2001).

There is a significant relationship between maternal anemia during pregnancy (defined as
hemoglobin levels lower than 11 g/dl) and anemia in newborn children (Koura et al., 2012).
Low levels of iron and folate are both associated with intrauterine growth retardation, which has
a direct influence on fetal growth and development (King 2003). Short birth intervals can also
lead to lower birth weights and increased risk of having offspring that are small for gestational
age (Eijsden et al., 2008).

A study conducted on lactating Ariaal women in Kenya found a direct relationship
between hemoglobin levels and time since giving birth, which illustrates that women are able to

partially replete the hemoglobin levels that decreased during pregnancy and birth (Miller, 2010).



However, there is an association between increased parity and lower hemoglobin levels, which
demonstrates that after each birth, women are not able to fully replete their hemoglobin levels
(Miller, 2010).

B. Lactation

Breastfeeding may also contribute to the association between short interbirth intervals
and low birth weight, since lactation contributes to maternal depletion (Eijsden et al., 2008).
Longer duration of lactation causes decreased maternal bone mineral density. Depleted calcium
stores can be restored in mothers within twelve months after giving birth through use of calcium
supplements with calcium levels of about 200 mg/d, or through normal diet among mothers who
had adequate pre-pregnancy nutritional status (Sowers et al., 1993).

Lactation is a high-energy process since maternal resource stores are used to produce
milk. Lactation caused weight loss among urban Filipino women, especially when breastfeeding
lasted longer than twelve months (Adair and Popkin, 1992). In response to chronic
undernourishment, rats gained protein, fat and water during lactation, whereas well-nourished
rats lost water weight (Rasmussen and Fischbeck, 1987). The exact mechanisms of weight gain
are not known, but the weight gain among undernourished rats may be adaptive to protect and
maintain long-term energy balance in the female rats (Rasmussen and Fischbeck, 1987).

When lactation and the next pregnancy overlap, the mother must provide energy for milk
production and for the development of the fetus (Merchant, Martorell, and Haas, 1990). This
overlap is stressful since lactation and gestation both contribute to depletion. When a woman is
already depleted, risk for restricted fetal growth increases. Among women in rural Guatemala,
birth weight decreased non-significantly due to the overlap of lactation and pregnancy

(Merchant, Martorell, and Haas, 1990). Fetal growth may be protected despite the mother’s



nutritional status and at the expense of the mother’s own health and nutritional status (Laskey
and Prentice, 1997). The mother’s energy intake and mobilization of energy stores increased in
response to the stress of both lactation and pregnancy (Merchant, Martorell, and Haas, 1990).

Breast milk is the main source of vitamin A for newborns and it allows for the creation of
vitamin A stores in infants’ livers (Fujita et al., 2011). Vitamin A levels in breast milk are
highest among early postpartum mothers and then the levels decrease over the first twelve
months after birth among women who are both well nourished and undernourished (Gebre-
Medhin et al., 1976; Fujita et al., 2011). This decrease in vitamin A in breast milk also leads to
decreases in maternal liver stores at slower rates. A mother invests and provides sufficient
vitamin A levels to her current offspring, but a mother also must save vitamin A liver stores for
future offspring (Fujita et al., 2011). Therefore, parity size, length of interbirth intervals and
initial maternal nutritional status must also be considered when studying maternal vitamin A
levels (Kjolhede et al., 1995; Fujita et al., 2011).

1. Nutritional Deficiencies and Sibship Size

Among large sibship sizes in rural Java in Indonesia, children had significantly lower
vitamin A levels than in small sibships (Kjolhede et al., 1995). Singletons had significantly
higher mean levels of vitamin A in the bloodstream than children of sibship sizes two, four, and
five (Kjolhede et al., 1995). The association between larger sibship size and lower vitamin A
levels may be explained by the dilution of food resources containing vitamin A among larger
families (Kjolhede et al., 1995), or by prenatal conditions such as maternal depletion resulting
from closely spaced pregnancies (Kjolhede et al., 1995).

Larger sibship size is also associated with vitamin D deficiency, which contributes to the

increased risk of rickets (Yassin and Lubbad, 2010). Similar to vitamin A deficiency, a possible



explanation is the dilution of food resources containing vitamin D within larger families
(Downey, 1995). Rickets is often present among members of the same sibship—for example, in
Nigeria eighteen percent of children with rickets also had siblings with rickets (Akpede et al.,
2001).

A direct relationship exists between parity and the prevalence of rickets (Yassin and
Lubbad, 2010). Vitamin D deficiency may be due to maternal depletion when the mother is not
able to replete her calcium and vitamin D stores due to short intervals between pregnancies.
Poor nutritional status during pregnancy is associated with lower amounts of vitamin D stored in
fetal livers and offspring receiving fewer nutrients from breast milk, which could in turn lead to
rickets (Yassin and Lubbad, 2010).

Overall, these results indicate the probable influence of both nutritional and
environmental factors (Akpede et al., 2001; Yassin and Lubbad, 2010). Since children are at
higher risk for rickets when both they and their mothers were insufficiently exposed to sunlight,
it is possible that this deficiency is, in part, passed down from mother to child (Yassin and
Lubbad, 2010). Serum vitamin D levels in mothers were similar to the levels observed in their
children who had rickets (Majid et al., 2000). Therefore, future studies are necessary to
investigate if there is transmission of vitamin D deficiency across multiple generations.

C. Low birth weight

Data from Dutch women in early 2000 found that low maternal vitamin D levels (mean
level of 60.09 nmol/L) during the first trimester had a negative impact on offspring birth weight
(van den Berg et al., 2013). Among women and their children in Amsterdam born between 2003
and 2004 low folate levels were associated with low birth weight (van Eijsden et al., 2008).

Maternal calcium levels in India also influence birth weight with correlation coefficients between



calcium intake and birth weight equal to 0.276, 0.355, and 0.421 for the first, second, and third
trimesters, respectively (Durrani and Rani, 2011).

Various studies have examined the complex association between maternal anemia and
offspring low birth weight. A non-significant relationship exists between maternal anemia
during pregnancy and risk that offspring are born low birth weight among women and their
children in Benin born between 2006 and 2007 (Koura et al., 2012). The timing of maternal
anemia may the influence prevalence of low birth weight, which was evident in Finland between
1990 and 2000 with how maternal anemia in the first trimester increased the risk of low birth
weight (Himaldinen, Hakkarainen, and Heinonen, 2003). This study indicates a possible critical
period when low maternal hemoglobin levels influence offspring birth weight. Anemia later in
pregnancy may have negative influences more on the mother and less on offspring birth weight.

D. Placental Growth

In response to low iron levels during pregnancy, compensatory placental growth was
noted with a larger placental weight and higher placental weight to birth weight ratio (Godfrey et
al., 1991). The highest placental weights were observed among women who had the lowest
levels of hemoglobin during pregnancy and the largest decreases in mean cell volume (Godfrey
etal., 1991). Another study found a significant (p=0.021) inverse association between protein
intake and placental weight (Chan, Ho, and Lao, 2003). Increased placental weight is most
likely a compensatory mechanism for insufficient iron and hemoglobin levels during pregnancy
(Godfrey et al., 1991). Similarly, placental weight increased in response to the Dutch famine
(see p. 28) (Lumey, 1998).

Studies on the influence of fasting during Ramadan found that the placenta compensates

for restricted maternal caloric intake and protects against changes in birth weight (Alwasel et al.,
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2010). Placental growth slowed in response to second and third trimester exposure to fasting,
which allowed the placenta to increase efficiency and to provide the fetus with necessary
nutrients and resources to maintain growth (Alwasel et al., 2010). The placenta has a reduced
reserve capacity and further research is required to investigate whether the lower reserve

capacities influence pregnancy outcomes (Alwasel et al., 2010).
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SIBSHIP SIZE

A. Perinatal Mortality

The medical records of births in Norway between 1967 and 1973 demonstrated that
perinatal mortality risk decreased among the first three births within a family from 55.3 to 36.1
to 15.1 per 1000 births for the first, second, and third offspring, respectively (Bakketeig and
Hoffman, 1979). There may be an association with low birth weight because the risk of low
birth weight decreased among the first three births from 7.4% of first-born to 5.1% of second-
born to 3.4% of third-born offspring (Bakketeig and Hoffman, 1979). The risk of perinatal
mortality also increased when mothers had three or four children within the seven-year study
period, which is most likely due to inadequate maternal repletion of nutrients after closely spaced
pregnancies (Bakketeig and Hoffman, 1979). Moreover, mothers often become pregnant again
soon after the loss of an infant, which can further increase the risk of perinatal mortality.
Mothers are most likely nutritionally depleted after previously gestating and lactating and then
not having enough time to recover (Cain and Cain, 1964; Bakketeig and Hoffman, 1979).

In Niger the risk of perinatal mortality significantly increased with parity (Ozumba and
Igwegbe, 1992). The rate of mortality for grand multiparae (mothers who gave birth to at least
five children) was 71 per 1000 births and the rate for non-grand multiparae was 34 per 1000
births. The higher perinatal mortality risk among grand multiparae mothers may be caused by
low birth weight, which was more prevalent among offspring of grand multiparaec mothers
(Ozumba and Igwegbe, 1992).

B. Infant and Childhood Mortality

Multiple studies have indicated that infant mortality (mortality before one year) increases

in a curvilinear pattern with family size (Charbonneau, 1970; Henry, 1956, Knodel and
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Hermalin, 1984; Ronsmans, 1995; Nault, Desjardins, Legare, 1990). For example, among
German villagers in the eighteenth and nineteenth centuries, infant mortality decreased from the
first to second birth and then increased after the third birth with an even larger increase in
mortality after the sixth birth (Knodel and Hermalin, 1984). After controlling for maternal age,
region, previous pregnancy interval, and other infants deaths, infant mortality was 0.185 for
sibship sizes of five to seven (the smallest sibship size category in the study), 0.205 for sibship
sizes of eight to nine, and 0.241 for sibship sizes greater than ten (Knodel and Hermalin, 1984).
Thus, infant mortality increased in a curvilinear pattern with birth order and directly increased
with sibship size (Knodel and Hermalin, 1984).

Among French-Canadians in the seventeenth and eighteenth centuries, infant mortality
rates decreased with birth order until the fifth birth and then increased. Infant mortality rates
also decreased within increasing sibship sizes up to size seven and then mortality rates increased
(Nault, Desjardins, and Legare, 1990). The relationship between family size and infant mortality
can most likely be explained by dilution of resources with larger family sizes and maternal age,
since after mothers in the study reached age thirty, infant mortality rates increased (Nault,
Desjardins, and Legare, 1990; Downey, 1995).

There is also a direct negative correlation between average birth intervals and infant
mortality (Gray, 1981). Short intervals between pregnancies imply less repletion of maternal
resources and lower health status at the beginning of the pregnancy (Ronsmans, 1995). High
parity is also associated with short interbirth intervals and short breastfeeding duration, which
may explain the increased infant mortality rates with higher birth orders and larger sibship sizes

(Gray, 1984; Nault, Desjardins, and Legare, 1990; Knodel and Hermalin, 1984).
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Data from the sixteenth century in Tourouvre-au-Perche in France demonstrates
increasing infant mortality rates with larger family sizes (see Table 1) and decreasing infant
mortality rates with birth order: the rates are 0.276, 0.259, and 0.214 for the first-born, second-
born and later-born (those with birth order three or high) categories, respectively (Charbonneau,
1970; Cohen, 1975). However, the differences between the rates of mortality are not statistically
significant (Charbonneau, 1970). Data given in Tables 2 and 3 demonstrate how infant and child
mortality increases with increasing family size (Henry, 1956; Ronsmans, 1995).

Sibship size and birth order influence infant mortality rates differently, which may be
explained by how when birth order data from Germany in the eighteenth and nineteenth centuries
was controlled for sibship size, there was not a significant impact on infant mortality rates.
However, sibship size after controlling for birth order did significantly influence infant mortality
(Knodel and Hermalin, 1984). This result may be explained by shorter birth intervals in order
for women to have more children within their reproductive lifetimes (Gray, 1981; Knodel and
Hermalin, 1984). With large family sizes there is also often shorter duration of breastfeeding
due to the mother becoming pregnant again and stopping breastfeeding of the previous child
(Knodel and Hermalin, 1984). Infants that are breastfed have higher survival chances since
breastfeeding can protect against malnourishment and decrease susceptibility to infectious
diseases (Knodel and Hermalin, 1984; Gray, 1984). Further dilution of resources and parental
care may also contribute to the increased infant mortality rates when family sizes are larger
(Knodel and Hermalin, 1984; Downey, 1995).

Another contributing factor is increased infant and child mortality with the death of other
siblings (Knodel and Hermalin, 1984; Omariba, Rajulton, and Beaujot, 2008). In Kenya an

infant’s risk of death is increased by 1.8 when a previous sibling died. The death of a previous
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sibling accounts for forty percent of the clustering in childhood deaths (Omariba, Rajulton, and
Beaujot, 2008). Siblings born near each other have the strongest influence on each other’s
mortality and survival, which can most likely be explained by mothers becoming pregnant soon
after the loss of an infant and mothers shortening breastfeeding duration due to conceiving soon
after the birth of the previous child (Cain and Cain, 1964; Gray, 1981; Knodel and Hermalin,
1984; Omariba, Rajulton, and Beaujout, 2008).

C. Height

Height reflects genetics, nutrition, and environmental factors (Lawson and Mace, 2008).
A study on British children born between 1991 and 1992 found an association between sibship
size and height (Lawson and Mace, 2008). Children of larger sibship sizes have lower initial
health status. In comparison to only children, birth length decreases directly with increased
number of siblings. The rate of growth per year is also negatively impacted by the presence of
siblings, which is illustrated in Table 4 (Lawson and Mace, 2008). The negative association
between growth and sibship size may be explained by resource dilution within larger families
(Lawson and Mace, 2008).

A study looking at data on young children from England and Scotland in the 1970s found
an inverse relationship between height and sibship size (Rona, Swan, and Altman, 1978). In
England the negative influence of increased number of siblings on height was most evident
among children whose families belonged to the manual social class. In the non-manual social
class, the negative correlation between height and number of siblings was observed only for
sibship sizes of five or larger. In Scotland, however, sibship size and height were negatively
correlated in both social classes (Rona, Swan, and Altman, 1978). Height was found to improve

in smaller sibship sizes and higher socioeconomic status in a sample from Italy in the year 2000
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(Sanna and Danubio, 2009). Overall, both sibship size and socioeconomic status influence
height most likely due to resource availability (Rona, Swan, and Altman, 1978; Sanna and
Danubio, 2009).

Deficits in height were most evident within the first decade of life and the costs were
highest to later-born offspring (Lawson and Mace, 2008). A reduced height can be costly, since
taller height is usually associated with better health and increased longevity (Smith et al., 2000).
These costs demonstrate a trade-off between offspring quality versus quantity, since the amount
of parental resource allocation and investment can influence offspring and height and, in turn,
health (Lawson and Mace, 2008).

The relationship between height and sibship size may also relate to maternal nutrition and
the extent to which the mother is maternally depleted after many closely spaced pregnancies.
The mother’s height must also be taken into consideration, since there tends to be a strong
correlation between the mother’s height and offspring height (Lawson and Mace, 2008).

D. Low Birth Weight

Within a sibship, the firstborn child tends to have lower birth weight than later-born
children. The catch-up growth of first-born children within the first year of life is also greater
than that of later-born children, and this pattern of catch-up growth is associated with higher
systolic blood pressure among firstborn offspring (Wells et al., 2011). Increased birth weight
among later-born children can most likely be explained by permanent structural changes in the
uterine spiral arteries after a woman'’s first pregnancy (Wells et al., 2011). The amount of non-
muscular tissue increases with parity, which allows for increased blood flow and therefore
increased fetal growth (Wells et al., 2011; Khong, Adema & Erwich, 2003). Overall, birth

weight difference between first-born children and later-born children can most likely be
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associated with limited access to the maternal supply of nutrients during a woman’s first
pregnancy (Wells et al., 2011).

However, the association between low birth weight and sibship size is variable (Seidman
et al., 1991; Ozumba and Igwegbe, 1992). A study on grand multiparae mothers in Jerusalem,
who gave birth to at least seven children found that for socioeconomically stable women about
4.1% of children were born low birth weight and that for women with low socioeconomic status
about 8.4% of children were born low birth weight (Seidman et al., 1991). Therefore, parity has
a greater influence when socioeconomic status is also considered (Seidman et al., 1991).

A study on two birth cohorts in northern Finland compared mothers of low (six or fewer
children) and high parity (six or more children) (Sipild, von Wendt and Hartikainen-Sorri, 1990).
In the birth cohort of 1966, 4.7% offspring born to high parity mothers were low birth weight
and 5.2% of offspring born to low parity mothers were low birth weight, which was a statistically
significant difference. In the birth cohort of 1985-1986, 2.7% of offspring born to high mothers
were born with low birth weight and 4.1% of offspring born to low parity mothers were born
with low birth weight, and the difference between the parity groups was statistically significant
(Sipild, von Wendt and Hartikainen-Sorri, 1990).

A cross-sectional study of women and their children in west Jerusalem found that first-
born offspring were at highest risk for low birth weight, since 7.2% of first-born children in the
study were born with low birth weight (Seidman et al., 1987). In the longitudinal study, 6.1% of
children with birth order between one and six were born low birth weight and 4.3% of children
with birth order higher than seven were born low birth weight (Seidman et al., 1987). Obstetric
data on women living in Kauai, Hawaii found that birth weight increases with birth order until

the fifth birth (James, 1968).
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In Oulu, Finland, birth order and birth weight were positively correlated (Juntunen,
Laard, and KauppilaKaisa, 1997). Children of birth order ten to twelve were on average 120
grams heavier than children of birth order six to nine. These children were on average 70 grams
heavier than children of birth order two to five, who were on average 160 grams heavier than
first-born children (Juntunen, Ladra, and Kauppila, 1997). Overall, this study was limited to
ninety-six mothers, but it demonstrates the relationship between birth weight and birth order
(Juntunen, Ladrd, and Kauppila, 1997). There was a similar pattern among Saudi Arabian
children where birth weight significantly increased with birth order, and therefore the prevalence
of low birth weight decreased (Wong, 1990).

A study on obstetrical data from Enugu, Nigeria, defined grand multiparae as women
who gave birth to at least five children (Ozumba and Igwegbe, 1992). Nearly 10% of babies
born to grand multiparae mothers were low birth weight and 4% of babies born to non-grand
multiparae mothers were low birth weight, and the difference between the two parity classes was
statistically significant (Ozumba and Igwegbe, 1992). Most of the mothers in the study belonged
to the lowest socioeconomic class in Nigeria, which may impact how parity influences low birth
weight risk (Ozumba and Igwegbe, 1992).

In the North Carolina birth record database, birth weight increased from the first to
second child and subsequently by 115, 114, and 115 grams for the second, third, and fourth
children, respectively (Swamy et al., 2010). Across different ethnic groups in North Carolina,
increases of 120, 101, and 103 grams were observed for non-Hispanic white, non-Hispanic
black, and Hispanic individuals, respectively (Swamy et al., 2010). Overall, the pattern of
increased birth weight with increasing parity was evident among the different ethnic groups, but

the increase was lowest among non-Hispanic black women (Swamy et al., 2010). This finding
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may be due to other factors discussed below such as socioeconomic status and genetic

programming (Drake and Liu, 2010; Barker, 2004).
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INTERGENERATIONAL TRANSMISSION OF BIRTH WEIGHT

Both maternal and paternal genetic factors influence offspring birth weight, but since the
mother provides the gestational environment, there is greater maternal influence on fetal growth
(Fowden et al., 2011). A mother’s own gestational experience affects the uterine environment
she provides for her offspring, and in utero experiences most likely cause permanent maternal
physiological changes that affect growth and development in the following generations (Drake
and Liu, 2009; De Stavola, Leon, and Koupil, 2011). A maternal intergenerational link exists
that allows for transmission of birth weight and birth size across multiple generations (Price,
Hyde, and Coe, 1999; Hypponen and Power, 2004). A study conducted on rhesus monkeys
demonstrated that mothers who were born small for gestational age have a higher chance of also
having offspring that are born small for gestational age (Price, Hyde, and Coe, 1999).
Additionally, the maternal influence on birth weight lasted across five generations of rhesus
monkeys, which suggests the need to study the association across more generations in humans
(Martorell and Zongrone, 2012).

Studies of humans found that maternal birth weight influences offspring birth weight.
Women who were born low birth weight in Seattle and Tacoma, Washington, had a 1.54-fold
increased risk of having offspring born preterm, which is correlated with low birth weight (De et
al., 2007). An extensive review of literature on the transmission of low birth weight around the
world found that the risk of having low birth weight infants was 11.76% when the mother was
low birth weight and 5.30% when the mother was born normal weight (Shah and Shah, 2009).

In Swedish mothers born in the 1970s and their children born before 2000, there were an
intergenerational small for gestational age correlation after controlling for socioeconomic status,

smoking, body mass index, age and educational level (Selling et al., 2006). A mother that was
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born small for gestational age had a 17% increased risk of her first-born child being born small
for gestational age (Selling et al., 2006; Farina et al., 2010). This correlation may be the result of
a genetic mechanism or an unknown factor that caused the mother to be born small for
gestational age and then predisposed the offspring to be born small for gestational age (Magnus,
Bakketeig, and Skjaerven, 1993; Selling et al., 2006).

For every one hundred gram increase in maternal birth weight, offspring birth weight
increased by about ten to twenty grams (Ramakrishnan, 1999; Martorell and Zongrone, 2012).
For every centimeter increase in the mother’s birth length, there was an increase in offspring
birth weight by about fifty-three grams (Ramakrishnan et al., 1999). A study of singleton
children found that for every unit increase in body mass index (kg/m?) of the mother, the weight
of the placenta increased by 3.6 grams and by 49 grams for every kilogram increase in maternal
birth weight (L’ Abée et al., 2011).

One study of mothers and children in rural Guatemala found that maternal birth length
and birth weight are both significant predictors of offspring birth size after controlling for
gestational age, sex, and other confounding variables (Ramakrishnan et al., 1999). Offspring
birth weight increased significantly by 29 grams for every 100-gram increase in maternal birth
weight and offspring birth length increased significantly by 0.2 centimeters for every one-
centimeter increase in maternal birth length. Offspring birth weight also increased significantly
by 53 grams for every one-centimeter increase in maternal birth length (Ramakrishnan et al.,
1999).

Although maternal factors are considered to exert a greater influence, paternal factors
also impact birth weight and placental weight. A study of singleton children born in Drenthe in

the Netherlands between 2006 and 2007, found that both paternal body weight and body mass
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index (kg/m?) significantly predicted the child’s birth weight and placental weight (L’ Abée et al.,
2011).

Although both maternal and paternal heights influence offspring size at birth, maternal
height exerts a stronger influence (Hypponen, Power, and Smith, 2004). Paternal height
influences skeletal growth measured at birth and maternal height influences the amount of soft
tissue covering at birth, which is measured as the ponderal index (body mass/height’) (Veena et
al. 2004). Overall, since both paternal and maternal factors influence birth size of the infant,
both genetic and environmental factors most likely influence birth size (Veena et al., 2004).

A. Maternal Childhood Conditions

A mother’s early life experiences including her own fetal and infant nutrition and growth
rate most likely influence her physiology and metabolism later in life, which in turn affects her
infant’s nutrition (Kuzawa and Quinn, 2007). Mothers, who were breastfed as infants, tend to
give birth to larger babies only if their mother had a favorable energy status while lactating,
which indicates the influence of early life nutrition on offspring birth weight (Kuzawa and
Quinn, 2007).

Maternal growth during childhood influences offspring birth weight independent of the
influences of maternal birth weight and maternal adult height (Martin et al., 2004; Hypponen,
Power, and Smith, 2004). For example, maternal childhood height and offspring birth weight
were positively correlated among women and their children from Pre-War Britain (Martin et al.,
2004). Childhood height is an indicator of nutrition and resource availability, which may have
an influence later in life on vascularization of the placenta and therefore efficiency of nutrient
transport across the placenta (Martin et al., 2004; Barker, 1998). The exact mechanisms of how

early life health conditions influence a woman’s reproductive outcomes are not known.
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However, low socioeconomic status and psychological stress in response to decreased amounts
of available resources could factor into the correlation between maternal childhood height and
offspring birth weight (Gavin et al., 2011; Gavin et al., 2012).

Women that experience poor growth in childhood also have a higher risk of stunting and
giving birth to low birth weight babies (Ramakrishnan et al., 1999). On the other hand, mothers
who were taller during their childhood tend to give birth to heavier babies (Martin et al., 2004).
There is also a stronger influence of the mother’s childhood height than her adult height on
offspring birth weight (Veena et al., 2004). This result may be explained by how early growth
and nutrition of the mother may influence future placenta vascularization and the nutrient
transport capacity that allows for fetal growth and development (Martin et al., 2004; Urbina et
al., 2002). However, the exact mechanisms are unknown.

These results suggest that childhood is an important period in determining a woman’s
reproductive health and possibly that nutrition during pregnancy has less of an influence on
offspring growth and birth weight than previously expected (Hypponen, Power, and Smith,
2004). Therefore, it is possible that the mother’s capacity to deliver nutrients to her offspring
was set earlier in life and even possibly while she was in utero through programming
mechanisms (Martin et al., 2004).

B. Grandmaternal Transmission

A study of families in Pre-War England (1937-1939) found an association between grand
maternal height and birth weight within female members of the family, but found no association
with grand paternal height (Martin et al., 2004). Offspring birth weight increased by 88 grams
when the maternal standardized average of grand maternal and grand paternal height increased

by one standard deviation (Martin et al., 2004).
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After controlling for sex, energy intake, socioeconomic variables, and height in childhood
and adulthood, the standardized height of maternal grandmothers was associated with offspring
birth weight (Martin et al., 2004). Data from England in the 1950s demonstrated that grand
maternal height significantly influenced the birth weight of grandchildren, since 10 centimeter
increases in grand maternal height were associated with 53 gram increases in birth weight
(Emanuel, et al., 1992). Grand maternal height is most likely influenced by both the
grandmother’s intrauterine environment and childhood environmental conditions such as
socioeconomic status and resource availability (Alberman et al., 1991; Wedge, Alberman, and
Goldstein, 1970). These factors most likely contribute to the intergenerational birth weight
influence found among maternal relatives (Emanuel et al., 1992).

Similarly, a study of three generations of people born in the 1900s in Uppsala, Sweden,
found that there is a significantly stronger maternal influence on offspring birth weight than on
birth length (De Stavola, Leon, and Koupil, 2011). The intergenerational correlation of birth
weight between the grandmother, mother, and the grandchildren can most likely be explained by
how all were exposed to similar maternal uterine environments and how maternal genetic
components that determine birth weight have a stronger influence than paternal genetics due to
how the mother provides the uterine environment during pregnancy (De Stavola, Leon, and

Koupil, 2011; Fowden et al., 2011).
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LOW BIRTH WEIGHT AND THE INFLUENCE OF SLAVERY

The average birth weight of African Americans is currently lower than that of European
Americans (Jasienska 2009; Masho and Archer, 2011). Thirteen percent of African American
infants are born with low birth weight and eighteen percent are born premature (Masho and
Archer, 2011). In 2009 the low birth weight rate was 13.61% for African Americans and 7.19%
for Caucasians (Kochanek et al., 2012). Low socioeconomic status may be associated with a
greater prevalence of low birth weight among African Americans (Pearl, Braveman, and
Abrams, 2001).

One study examined Caucasian and African American women who lived in poor
households as children and then experienced upward economic mobility as adults. The rate of
preterm birth was 18.7% in impoverished areas and then decreased steadily to 16%, 15.2%, and
12.4% with low, moderate, and high economic upward mobility, respectively (Colen et al.,
2006). Despite the economic improvements among these women and the decreased risk of
preterm birth, the rates of low birth weight among African Americans did not significantly
decrease (Colen et al., 2006). Among those classified as chronically poor, 11.82% of Caucasian
infants and 14.62% of African American infants were born low birth weight. Among the
upwardly mobile category, 4.5% of Caucasian infants and 9.99% of African American infants
were born low birth weight (Colen et al., 2006). This suggests that birth weight is influenced by
programming and epigenetic mechanisms like DNA methylation that cannot be easily reversed in
response to improved environmental conditions (Colen et al., 2006).

Similar results were observed among women living in Chicago (Collins et al., 2009). A
group of grandmothers were exposed to poverty while pregnant. Despite upward economic

mobility among the mothers and more favorable pregnancy conditions, grandchildren had a 20-
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30% increased risk of being born low birth weight independent of other maternal risk factors
(Collins et al., 2009). These results can possibly also be explained by fetal programming due to
undernutrition during the grandmother’s pregnancy (Barker, 1990; Godfrey and Robinson,
1998).

Genetic differences and socioeconomic factors can only partially explain the difference in
low birth weight prevalence between African Americans and Caucasians. When socioeconomic
factors and differential risks of low birth weight are controlled for, the differences in low birth
weight still persist (Jasienska, 2009). One possible explanation is that not enough time has
passed since the abolition of slavery to erase its negative health impacts (Jasienska, 2009).
These negative effects may continue to influence the current biological and health conditions of
members of the African American population, which indicates the possibility of fetal
programming (Jasienska, 2009).

During slavery people most likely ate an inadequate diet and there was an imbalance
between energy intake and energy expenditure due to their poor working and living conditions.
Children born to slaves were most likely born with low birth weight since physical labor during
pregnancy along with not getting enough nutrients restricts uterine blood flow and therefore
reduces the rate of intrauterine growth. This usually results in decreased carbohydrate intake by
the fetus and low birth weight (Jasienska, 2009). The negative influence of maternal diet on
offspring birth weight was most likely not limited to transmission between two generations, since
low birth weight is known to be transmitted maternally across multiple generations (De et al.,
2007; Shah and Shah, 2009).

A low birth weight domino effect may exist among slaves and their relatives born in the

subsequent generations due to how low birth weight and poor nutrition tend to stunt growth.
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Women who are shorter due to genetic factors or stunted growth are more likely to give birth to
low birth weight children and if those children are females, the risk of giving birth to low birth
weight infants is increased (Drake and Liu, 2010). Therefore, stunted growth that occurred
among female slaves may contribute to the intergenerational transmission of low birth weight
among African Americans (Drake and Liu, 2010). Although the direct mechanism of how low
birth weight is transmitted across multiple generations is unknown, epigenetic mechanisms and
changes in the conformation of chromatin have been proposed (Jablonka and Lamb, 2005).
Other factors such as the continued disparities and disadvantages that many African
Americans face, genetic influences, and long-term environmental stressors may contribute to the
persistence of low birth weight among African Americans (Masho and Archer, 2011; Jasienska,
2009). Furthermore, another study demonstrated that when women from Southern Asia moved
to England, the birth weights of their children did not greatly change in response to the improved
environmental conditions (Leon and Moser, 2010). Therefore, fetal programming and
environmental conditions may influence the continued transmission of birth weight (Jasienska,

2009).
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LOW BIRTH WEIGHT AND FAMINE

Not getting enough nutrients and calories during pregnancy has varying influences on
offspring birth weight. During the Dutch famine of 1944, placental enlargement occurred in
response to famine exposure during the first trimester of pregnancy. The placental index (the
ratio of placental weight to birth weight) increased and birth weight remained the same after first
trimester famine exposure (Lumey 1998). Birth weight, placental weight, and placental index
decreased in response to third trimester exposure to famine (Lumey, 1998). Therefore, placental
enlargement may be a compensatory mechanism to protect fetal growth and development when
maternal nutrition is restricted during the first trimester of pregnancy (Lumey, 1998).

Another study of the Dutch famine found that first trimester exposure to the famine
caused mean birth weight to increase significantly by 154 grams and third trimester exposure
caused mean birth weight to decrease significantly by 251 grams when compared to the mean
birth weight of those not exposed to famine. When women who were exposed to famine in utero
gave birth, first-born offspring to mothers with first trimester famine exposure had average birth
weights that were increased non-significantly by 72 grams. First-born offspring to mothers with
third trimester exposure had average birth weights that were decreased non-significantly by 43
grams when compared to women who were not exposed to the famine (Stein and Lumey, 2000).
Although the changes in birth weight in the next generation were not statistically significant, the
trend was in the expected direction. This finding illustrates an intergenerational influence on
birth weight even after nutritional conditions improved (Stein and Lumey, 2000).

The influence of famine exposure also varied by birth order. The first trimester is an
essential time of organ development and cell division that is dependent on available nutrients

(Stein and Lumey, 2000). When mothers were exposed to the famine during their first trimester,
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the birth weight of first-born children increased by 72 grams, whereas the birth weight of second-
born children decreased by 43 grams (Stein and Lumey, 2000; Lumey and Stein, 1997). For
first-born offspring when maternal birth weight increased by 100 grams, offspring birth weight
increased by 23 grams. For second-born and third-born offspring, maternal birth weight
increases of 100 grams were associated with increases in offspring birth weight of 14 grams and
11 grams, respectively (Stein and Lumey, 2000). This difference associated with parity suggests
that the negative effects of famine exposure during the first trimester may only be evident after
the mother’s first pregnancy, but further research is necessary to evaluate this possibility (Lumey
and Stein, 2000). Overall, the influence of restricted maternal nutrition during pregnancy on
offspring birth weight may depend on parity and the extent to which there is maternal depletion

of essential micronutrients (Lumey and Stein, 1997).
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PROPOSED MECHANISMS OF BIRTH WEIGHT TRANSMISSION

Transmission of low birth weight across multiple human generations is evident (Price,
Hyde, and Coe, 1999; De et al., 2007). Low birth weight transmission may be attributed to
programmed effects (Barker, 2004). Exposure to adverse environmental conditions in utero such
as low socioeconomic status, maternal depletion, or maternal undernutrition may program
maternal tissue function and therefore alter growth and development in the subsequent
generations (Drake and Liu, 2010). Programming most likely contributes to the greater
prevalence of birth weight in African Americans compared to Caucasians even after multiple
generations have passed and living conditions have improved since the abolition of slavery
(Jasienska, 2009).

In utero negative experiences such as restricted caloric and protein intake may
permanently affect growth and development by causing changes in maternal physiology that
influence subsequent generations (Drake and Liu, 2010; Stein and Lumey, 2000; Lumey, 1998).
For example, women born with low birth weight have an increased risk of developing
hypertension as adults. Moreover, women who are hypertensive during pregnancy are at risk for
giving birth to low birth weight children (Klebanoff et al., 1999; Buchbinder et al., 2002).
Programmed changes and establishment of a phenotype may transmit low birth weight to each
successive generation (Drake and Liu, 2010).

Various imprinted genes may contribute to fetal programming and the intergenerational
transmission of birth weight. For example, the maternal PHLDA?2 gene influences placental and
fetal growth in mice, since increased expression of PHLDAZ2 was associated with lower birth
weight infants (Apostolidou et al., 2007; Lim et al., 2012). When the PHLDA2 promoter region

was sequenced, a 15 basepair repeat sequence (RS1) was found to decrease PHLDA?2 promoter
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efficiency and cause significant increases in birth weight (Ishida et al., 2012). Inheritance of a
SNP of the maternally imprinted H79 gene was also significantly associated with increased birth
weight (Adkins et al., 2010; Petry et al., 2011).

The imprinted genes /GF2R and /GF2 also influence birth weight (Adkins et al., 2010).
Genetic analysis of human placentas showed that DNA methylation of the fetal /GF2 gene
influenced birth weight, and DNA methylation of the maternal /GF2/H19 locus regulated the
fetal /GF2 gene and fetal birth weight (St-Pierre et al., 2012). One study found significant
associations between SNPs at the insulin-/GF2 locus and the risk that offspring are born small
for gestational age (Adkins et al., 2008). Similarly, the concentration of /GF2 in the umbilical
cord had a significant positive relationship with birth weight and length, and /GFBP2 had a
significant negative relationship with birth weight and birth length (Smerieri et al., 2011). One
study found differences in DNA methylation at the /GF2/H19 region in response to Dutch
famine exposure, which demonstrates how famine exposure can genetically influence subsequent
generations (Tobi et al., 2012). Additionally, in children that were born low birth weight, there
was significant down-regulation of the paternal gene, PEG 0 when compared to children born

normal birth weight (Lim et al., 2012).
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LOW BIRTH WEIGHT IN THE DOGON OF MALI

Previous studies on the Dogon of Mali examined factors such as maternal depletion,
sibship size, and childhood health, and the results demonstrate an offspring quality versus
quantity trade-off (Strassmann and Gillespie, 2002; Strassmann, 2000; Strassmann, 2011).
Dogon women who had seven births had a reproductive success of 3.9 with a confidence interval
of 3.8 to 5.5, and reproductive success peaked at 4.1 surviving offspring after 10.5 births
(Strassmann and Gillespie, 2002). Among 176 children followed for eight years, an additional
sibling increased the odds of childhood mortality by 26% (Strassmann, 2000). Another study
using the longitudinal data found that childhood growth was negatively impacted by larger
family size and siblings competed with each other for resources (Strassmann, 2011). Overall,
these findings provide information about how large sibship size negatively influences childhood
growth and survival. Since some of the female cohort members are beginning to have their own
offspring, I analyzed offspring birth weight in relational to maternal health conditions.

The longitudinal data contains information on 41 mothers and their first-born offspring
with two placental weights missing, and I used SPSS to conduct the analyses. As show in
Figures 1 and 2, the distributions of birth weight and placental weight are slightly skewed, and
the Q-Q plots demonstrate that both birth weight and placental are most likely not normally
distributed. Therefore, I predominantly used Spearman’s test to account for any deviations from
normality and generate correlation coefficients. Additionally, neither the mother’s age when she
gave birth nor the sex of the infant was significantly related to low birth weight, as the p-values
were 0.365 and 0.822, respectively. Thus, neither variable was treated as a cofounding variable.
As Figure 3 illustrates, the population of mothers is also relatively young, so it is possible that

some of the mothers are still growing and not yet at their adult height.
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The descriptive statistics show that the mean offspring placental weight is 471 grams and
the data varies from 340 to 680 grams with a standard deviation of 83 (normal placental weight
ranges from about 454 to 907 grams). The mean offspring birth weight is 2527 grams, which is
slightly above the low birth weight threshold, and the range was 1100 to 3400 grams with a
standard deviation of 490. I focused my analyses on maternal systolic blood pressure, body fat
percentage, body mass index, maternal childhood height, maternal height in adulthood, and
placental weight in relation to low birth weight. Based on the findings from the literature, I
predicted: maternal systolic blood pressure will be inversely related with offspring birth weight
(Buchbinder et al., 2002; Barker et al., 1990); higher values of body fat percentage, body mass
index, maternal childhood height, and maternal height in adulthood will be associated with a
decreased prevalence of low birth weight (Winkvist et al., 1994; King, 2003; Miller, 2010;
Ramakrishnan et al., 1999; Martin et al., 2004; Barker, 1998; Veena et al., 2004); placental
weight and low birth weight will be inversely related (Lumey, 1998).

A. Results

I conducted a binary logistic regression test on average maternal systolic blood pressure
and the binary birth weight variable (O=normal, 1=low: 2500 grams or less) to test the correlation
between high blood pressure and low birth weight (Buchbinder et al., 2002). The results shown
in Table 5 indicate that maternal systolic blood pressure did not significantly influence low birth
weight risk (p-value=0.261). The frequency analysis and Figure 4 show that maternal systolic
blood pressure ranged from 97 to 140 mm Hg, which is within the range of high systolic blood
pressure.

Next, I looked at maternal body fat percentage and body mass index in relation to low

birth weight. A higher percentage of maternal body fat, which was measured about two years
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before the mothers gave birth, was found to significantly (p-value=0.048) decrease the risk of
having children with low birth weight. The logistic regression odds ratio was 0.868 with a 95%
confidence interval of 0.754 to 0.999. Thus, maternal body fat has a protective effect with a 13%
decreased risk of having low birth weight offspring with each one-unit increase in body fat
percentage. Although maternal body mass index, which was measured at the same time as body
fat percentage, was not found to significantly (p-value=0.133) decrease the risk for low birth
weight, the results might reach significance with a larger sample size. The odds ratio was 0.735
with a 95% confidence interval of 0.492 to 1.099. For every one-unit increase in maternal BMI,
the risk of having a low birth weight offspring decreases non-significantly by 26.5%.

I then examined maternal height during childhood in relation to low birth weight. The
binary logistic regression analyses show that maternal childhood height and adult height z-scores
based on the World Health Organization height for age standards (World Health Organization,
2005) have a non-significant effect on low birth weight. The odds ratio for the maternal
childhood height z-score was 0.678 with a 95% confidence interval of 0.311 to 1.474 and the
odds ratio for the maternal adult height z-score was 0.708 with a 95% confidence interval of
0.262 to 1.918. Therefore, taller maternal adult height cannot be considered protective against
low birth weight in this small sample. However, the maternal childhood height z-score has a
smaller confidence interval than the maternal adult height z-score, and the results are
approaching taller childhood height being protective against low birth weight, which could be
evaluated in the future with a larger sample size.

Maternal childhood height will most likely have a protective effect based on how
research studies show that women who experienced stunted childhood growth have a higher risk

of giving birth to low birth weight offspring (Ramakrishnan et al., 1999). Stunting was also
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taken into consideration and the relationship with low birth weight was not statistically
significant as indicated in Table 5 (p-value=0.605 and odds ratio=1.481).

Since the literature demonstrates that the placenta compensates in order to protect the
developing fetus during periods of famine and fasting (Lumey, 1998; Alwasel et al., 2010), I
looked at the correlation between birth weight and placenta weight. The bivariate correlation
results show that birth weight and placental weight are positively correlated with a correlation
coefficient of 0.545 and a p-value equal to 0.000. However, when only the low birth weight
cases were examined, placental weight and birth weight were negatively correlated with a
coefficient of -0.465 and a p-value equal to 0.003.

B. Discussion

The results of the analyses support some of my predictions and findings from the low
birth weight literature. The non-significant relationship between maternal systolic blood
pressure and offspring birth weight may be due to the small sample size (N=39). As additional
longitudinal data is collected, further research could look into how low birth weight influences
blood pressure as the children grow and develop.

The significant effect of maternal body fat percentage on risk of having low birth weight
infants has important implications about how maternal body composition influences birth weight.
Since a higher body fat percentage is protective against low birth weight, there may be more in
utero space for the fetus to grow and develop (Martorell and Zongrone, 2012; Walton and
Hammond, 1938). A mother with more fat stores has greater energy reserves compared to a
mother with a lower percentage of body fat and therefore may be able to supply her offspring

with more resources (Winkvist et al., 1994). With a larger sample size, this can be further
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explored and expanded to look into the influence of maternal depletion on low birth weight after
multiple pregnancies.

Since studies show that a mother’s childhood height impacts offspring birth weight
(Veena et al., 2004; Hypponen, Power, and Smith, 2004), I predicted that girls who were taller in
childhood would have a lower risk of giving birth to low birth weight offspring. Although taller
childhood height tended to protect against low birth weight, the results of maternal childhood
height and maternal stunted childhood growth were not significantly related with low birth
weight. These findings may be due to the small sample size or there may be unknown
confounding variables. Therefore, these analyses should be repeated once more data is collected
and factors such as resource availability and psychological stresses during childhood should be
taken into consideration (Gavin et al., 2011; Gavin et al., 2012).

The inverse correlation between placental weight and low birth weight was expected,
since enlarged placental weight was a compensatory mechanism in response to events such as the
Dutch famine and Ramadan (Lumey, 1998; Alwasel et al., 2010). However, in the Dutch famine
study birth weight was protected by increased placental weight and the analyses, as shown in
Table 6 indicate that larger placental weight occurs with low birth weight. Since the Dogon
people eat a diet that consists of mainly millet, they are most likely more chronically
undernourished than the Dutch people, who were exposed to famine for four months. Therefore,
the placenta may increase in size as a compensatory mechanism, but may not be able to
completely protect fetal growth and development, and prevent low birth weight among Dogon
offspring. Future research on the placental weight-birth weight relationship is suggested, and
future studies could explore how maternal micronutrient levels in the serum and blood influence

placental and birth weights (Matthews, Yudkin, and Neil, 1999).
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CONCLUSION

My extensive literature review illustrates that a wide range of factors influence and
perpetuate the intergenerational transmission of low birth weight. Pregnancies that occur within
eighteen months or less of each other increase the risk of having low birth weight offspring due
to the insufficient amount of time for maternal micronutrient repletion. Both gestation and
lactation contribute to maternal depletion, and varying degrees of maternal depletion occur
among all women regardless of their initial nutritional status.

Family size also influences nutritional depletion, which is evident by the correlation
between larger family size and lower vitamin D and vitamin A levels. Larger sibship size is
associated with increased low birth weight prevalence and higher childhood mortality risks.
These relationships between larger family size and adverse health outcomes may be due to both
maternal depletion after many pregnancies and heightened resource competition within larger
families. Therefore, it is important to look at both maternal health conditions and family
dynamics when studying the factors that cause low birth weight.

Maternal birth and childhood health conditions also influence the risk for low birth
weight. A mother who was born low birth weight has an increased risk of giving birth to low
birth weight offspring (Price, Hyde, and Coe, 1999; Hypponen and Power, 2004). The
regulation of imprinted genes through DNA methylayion or histone acetylation can either
enhance or suppress low birth weight prevalence (Ishida et al., 2012; Apostolidou et al., 2007).
Overall, my literature review demonstrates that both environmental and genetic factors exert an
influence on low birth weight. Although the exact mechanisms of low birth weight transmission
are unknown since the research is ongoing, low birth weight is most likely transmitted

epigenetically.
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Taking the factors that increase the prevalence and transmission of low birth weight into
consideration, I analyzed Dogon data on birth weight. The results did not show a significant
correlation between maternal systolic blood pressure and low birth weight. Higher maternal
body fat percentage was significantly associated with a decreased risk of having low birth weight
children. Maternal height during childhood and stunted childhood growth were not significantly
related to low birth weight, but the trend was for a higher maternal childhood height z-score to
protect against low birth weight. Placental weight and low birth weight were inversely
correlated, which supports how the placenta compensates in size (Lumey, 1998; Alwasel et al.,
2010). Although the results are limited by the small sample size due to the ongoing nature of the
study, the results conform to some of the findings from the literature.

Overall, my analyses show that there is a need to do further research once more data is
collected. However, my analyses also provide some direction for future research. The mother’s
birth weight could be obtained and then studied in the comparison to offspring birth weight to
investigate whether an intergenerational birth weight correlation exists. Additionally, epigenetic
analyses on placental samples could be done in order to study the imprinted genes that influence
birth weight and the mechanisms that trigger increased placental weight with low birth weight.
The current data set only includes information about first-born offspring, so once the mothers
have more children, analyses could be extended to look at the relationship between sibship size
and low birth weight.

In conclusion, low birth weight is an important public health issue, and the findings show
that low birth weight most likely has significant evolutionary implications. Since low birth
weight tends to increase with larger sibship sizes, a trade-off exists between offspring quantity

and quality. This trade-off serves to protect both offspring health and survival since larger
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family size is associated with higher mortality and lower birth weight is related to stunted growth
and hypertension in adulthood. Therefore, the negative consequences of low birth weight most
likely contributed to evolutionary selection against larger family sizes in order to maximize
offspring survival and reproductive success. Since the Dogon people are a traditional population
that does not use contraception, analyses on birth weight data can provide insight on low birth

weight as an evolutionary force.
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APPENDIX

Table 1. The Influence of Family Size on Infant Mortality —
Paris, France 17" and 18" Century Data (Charbonneau, 1970)

Family Size Infant Mortality Rate
4 0.172

5 0.267

6 0.250

7 0.180

8 0.237

9 0.310
10 0.244
11 0.282
12 0.298
13 0.192
14 0.286
15 No data
16 0.458
17 0.118
18 0.389

Table 2. The Influence of Family Size on Proportion of
Children Dead at Age 20—Geneva, Switzerland, 16"-20"
Century Data (Henry, 1956)

Family Size Proportion Dead at Age 20
2 0.29
3 0.23
4 0.26
5 0.26
6 0.34
7 0.38
8 0.39
9 0.40
10 0.46
11 0.50
>or=12 0.48
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Table 3. The Influence of Family Size on Proportion of
Children Dead —Niakhar, Senegal, 20" Century Data
(Ronsmans, 1995)
Family Size Proportion of Children Dead
1 0.6667
2 0.3300
3 0.3667
4 0.4454
5 0.3678
6 0.4074
7 0.4197
8 0.4587
9 0.4522
10 0.5102
11 0.5156
12 0.5582
13 0.6207
14 0.6429
15 0.6833
16 0.6458

Table 4. Sibship Size Influence on Height Compared to Only Children— Avon, England, 20" Century
Data (Lawson and Mace, 2008)

Birth length Growth per year
1 sibling -4.4 mm -2.3 mm
2 siblings -5.2 mm -2.4 mm
3 siblings -6.4 mm -2.4 mm
4 siblings -8.7 mm -2.3 mm
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Table 5. Binary Logistic Regression SPSS Test Results

Variables P-value Odds Ratio | Odds Ratio | Comments

95% CI
Systolic Blood 0.261 0.962 [0.899, Non-significant results,
Pressure & Low 1.029] with OR close to 1
Birth Weight (LBW) results show the BP does
(N=39) not influence LBW
Maternal Body Fat 0.048* 0.868 [0.754, Body fat significantly
Percentage & LBW 0.999] protects against LBW
(N=39)
Maternal BMI & 0.133 0.735 [0.492, Trend is towards higher
LBW (N=39) 1.099] BMI protecting against

LBW

Maternal Childhood | 0.326 0.678 [0.311, Trends is towards taller
Height z-score & 1.474] height protecting against
LBW (N=30) LBW
Maternal Stunting & | 0.605 1.481 [0.334, Non-significant results
LBW 6.572]
Maternal Adult 0.498 0.708 [0.262, Non-significant results
Height z-score & 1.918]
LBW (N=39)

*Denotes statistical significance at the 5% level

Table 6. Bivariate Correlation SPSS Test Results

Variables P-Value Correlation
Coefficient

Placental 0.000** 0.545

Weight & Birth

Weight (N=39)

Placental 0.003** -0.465

Weight & LBW

(N=13)

**Denotes statistical significance at the 1% level
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Figure 1. Distribution of Dogon Birth Weight

20+ Mean = 2527 56
Std. Dev. = 490.672
N=4
15
-
o
c
Q
=
o 10
™
|1

/ N
[ 1 ™
1 OIOO 1500 2000 2500 3000 3500
Birth Weight

Figure 2. Distribution of Dogon Placental Weight
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Figure 3. Distribution of Dogon Maternal Age
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Figure 4. Distribution of Dogon Maternal Systolic Blood Pressure
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