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ABSTRACT 

The rising prevalence of obesity in women and its adverse effects on the health of their 

offspring may be a key link to intergenerational risk of obesity and chronic disease in childhood 

and later life among the US Pacific Islanders in Hawai‘i and the US-Affiliated Pacific Islands. In 

a population with a high burden of chronic disease, there is a huge knowledge gap on modifiable 

factors associated with obesity and chronic diseases. However, many studies in other populations 

support the life course model of chronic disease suggesting that poor maternal prepregnancy 

underweight and obesity are early fetal origins of obesity and chronic disease in childhood and 

later life.  

The purpose of this dissertation is investigate maternal prepregnancy underweight and 

obesity as key links of intergenerational risks of obesity and chronic disease in childhood among 

the US Pacific Islanders using the life course model of chronic disease. The first study sought to 

estimate race-ethnic differences in the prevalence of underweight and obesity in women of 

reproductive age and their associations with demographic, socioeconomic, lifestyle, and health 

behaviors among Native Hawaiians and Other Pacific Islanders compared to White women in 

Hawai‘i. The second study sought to estimate race-ethnic differences in the prevalence of 

maternal prepregnancy underweight and obesity and their associations with low and high birth 

weight among Samoan and Micronesian women in Hawai‘i. The third study sought to estimate 

the prevalence of maternal prepregnancy underweight and obesity and their associations with 

low birth weight, high birth weight, and childhood overweight plus obesity adjusting for the 

mediating effect of early adiposity rebound.  

Overall, these studies consistently found high prevalence of prepregnancy obesity among 

the US Pacific Islander women in Hawai‘i and in the US-Associated Pacific Islands. The high 
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prevalence of prepregnancy obesity was positively associated with high birth weight and 

childhood overweight plus obesity in the offspring. These findings are strongly suggestive that 

maternal prepregnancy obesity may be a key link of intergenerational risk of obesity and chronic 

disease in childhood among US Pacific Islanders in Hawai‘i and in Palau. Further studies are 

needed. However, preventive actions should begin during early fetal life. 
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CHAPTER 1. INTRODUCTION 

 The epidemic crisis of non-communicable disease (hereafter referred to as chronic 

disease) is a major public health burden and a serious threat to population health worldwide 

(Murray, 1997; Ng et al., 2013; World Health Organization (WHO), 2014). This is particularly 

true for the US Pacific Islanders (USPIs) who are considered the “fattest people” in the world 

(Parry, 2010; Streib, 2007).  

Health Burden of the Chronic Disease  

 Chronic diseases such as cardiovascular disease, diabetes, cancer, and risk factors 

(tobacco use, alcohol abuse, physical inactivity, poor diet, obesity, hypertension, 

hypercholesterolemia) are the leading causes of adult morbidities accounting for nearly 70% of 

premature mortality worldwide (Macready, 2011; WHO, 2014a).  

 During the past century, a global decline in health associated with a rise in chronic 

diseases has evolved slowly in developed countries but more rapidly in developing countries and 

particularly among certain race-ethnic populations (Mathers et al., 2006; World Economic 

Forum and Harvard School of Public Health, 2014; Abegunde, 2007).  

Compared to developed, high-income countries (HICs), people of developing, low and 

middle-income countries (LMICs) like Palau and other US-Associated Pacific Islands (USAPIs) 

(Hoy et al., 2013) develop chronic diseases at younger ages, suffer longer, and frequently die 

prematurely before life expectancy or during the most productive period of life (Abegunde et al., 

2007; Hoy et al., 2013).   

 In 2008, chronic diseases caused more than 60% of the 57 million annual deaths 

worldwide (WHO, 2011a). Eighty percent of these deaths occurred in developing countries. If 

this trend persists, by 2020, chronic diseases will account for 75% of total deaths worldwide 

(WHO, 2014a; Mathers et al., 2006).   

 In the United States, chronic diseases cause an estimated 7 out of every 10 deaths per 

year (Centers for Disease Control (CDC), 2014). Moreover, because of the changing 

demographics, certain subgroups experience higher prevalence of chronic diseases e.g. higher 

rates of obesity, diabetes, and select cancers (i.e. Asians, Native Hawaiians, and Other Pacific 

Islanders) (Silva et al., 2006; Moy et al., 2010; Tsai et al., 2013; Hoy et al., 2013).  
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In Hawai‘i, chronic diseases account for nearly 60% of total mortalities every year (CDC, 

2013; Hawai‘i State Department of Health Vital Statistics, 2010). However, there is scarcity of 

data describing chronic diseases-related mortalities among USPIs in Hawai‘i and in the USAPI 

(Reilly et al., 2003; Hosey et al., 2011; Ichiho et al., 2013a; Ichiho et al., 2013b; Durand, 2013; 

Dever, 2014). Some estimate that chronic diseases cause up to 90% of premature deaths in this 

population. In response, USPI health leaders endorsed a declaration of a “state of emergency” in 

the chronic disease epidemic in this population in April 2010 (PIHOA NCD Resolution Regional 

State of Emergency, 2010; Dever, 2013; Durand, 2013; President’s Advisory Commission on 

Asian Americans and Pacific Islanders, 2013; Hoy et al., 2013; Mori, 2013; Cash, 2014; 

Novotny et al., 2015).  In this paper, the USPIs are comprised of Native Hawaiians or Other US 

Pacific Islanders. Native Hawaiians are indigenous people of the 50th US State of Hawai‘i. Other 

USPIs are indigenous people of the USAPI (Figure 1.1): American Samoa (AS), Republic of the 

Marshall Islands (RMI), Federated States of Micronesia (FSM: Kosrae, Pohnpei, Chuuk, and 

Yap), Commonwealth of the Northern Marianas Islands (CNMI), Guam, and Republic of Palau 

(Census, 2010; A community of contrast, 2013; CDC’s Native  Hawaiian and Other Pacific 

Islanders, 2014).  

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 Map of the US Pacific Islands of Hawaii and 
US-Affiliated Pacific Islands (Map of Oceania. (2014).   
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Economic Burden of Chronic Disease 

 The economic burden of chronic disease is just as challenging. Globally, WHO estimates 

that cumulative losses to LMICs from chronic diseases will likely exceed $7 trillion between 

2013 and 2025 (~$500 billion per year) (Bloom et al., 2011). This is roughly a yearly loss of $25 

per person in low-income countries, $50 in LMICs and $139 in upper middle-income countries 

(Abegunde et al., 2007; Bloom et al., 2011). As chronic diseases afflict more lives at younger 

ages, it reduces workforce productivity. The reduced workforce productivity can negate the little 

progress in health and economic development that these developing countries may have attained 

during the past couple of decades (Bloom et al., 2011). However, if preventive measures are 

effective in reducing the burden of chronic diseases in these countries, the per annum cost can be 

reduced to approximately $0.40 per person, many lives saved, and an overall estimated economic 

savings of about $25 billion per year (Beaglehole et al., 2007; Abegunde et al., 2007; Hoy et al., 

2013).  

 In the United States, according to the Milken Institute report, the estimated direct and 

indirect costs of chronic diseases is around $200 billion dollars per year. By 2023, the projected 

cost will surpass 1.2 trillion dollars if preventive measures are ineffective in reducing the burden 

of chronic diseases (DeVol et al., 2007; Finkelstein et al., 2007).   

 In the USPI region, there is paucity of data describing the economic burden of chronic 

disease among the USPIs in Hawai‘i and in the USAPI. In a recent public speech, the former 

Palau Minister of Health, Dr. Stevenson Kuartei stated that health care services for chronic 

diseases consume over 50% of Palau’s health budget every year (Palau Ministry of Health, 

2013). Like other LMICs, the USAPIs are experiencing economic losses that may cripple their 

ailing health care service systems (Ichiho et al., 2013b; Hoy et al., 2013).  

Chronic Disease and Obesity as the Most Common Risk Factor of Chronic Disease 

Despite being among the most prevalent and costly diseases, chronic diseases are the 

most preventable health conditions. A large body of research has established obesity as the most 

common, preventable cause of chronic disease in developed countries (Hunter et al., 2013). Over 

the past 60-70 years, a shift from traditional to westernized lifestyle has influenced an 

epidemiological transition of chronic disease from communicable to non-communicable diseases 

in developing countries such as the USAPIs (Hezel, 2003). According to Hezel, historical 
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records indicate that obesity and chronic diseases were nonexistent among the USPI people. In a 

US Navy health survey in the 1940s, the islanders are described as “a picture of excellent health” 

and “almost complete absence of malnutrition or obesity” (Hezel, 2003). Hezel further describes 

Pacific Islanders in photographs in the late 1940’s as “well-proportioned and physically fit” 

(Hezel, 2003). In review of health archival records during the same period, Hezel found no 

evidence of diabetes and hypertension among the USAPIs (Hezel, 2003).  

After World War II, the Pacific Islanders transitioned rapidly into a more westernized 

lifestyle. Consequently, the epidemiological pattern reflected a rapid shift from infectious to 

chronic diseases mostly associated with obesity (Hezel 2003; Hosey et al., 2011). In addition, the 

presence of underweight persisted. The persisting presence of underweight and the rapidly rising 

prevalence of obesity both contribute to a costly double burden of chronic diseases in developing 

countries such as the USPIs (Caballero, 2001; Abegunde et al., 2007; Alwan et al., 2010; Hosey 

et al., 2011; Chatterjee et al., 2012; Ichiho et al., 2013a; CDC 2014; WHO 2014). Furthermore, 

the rising prevalence of overweight and obesity contributes to the rising diabetes and cardio-

metabolic disorders in this population. As a result, up to nearly 90% of USPI adults in Hawai‘i 

and USAPIs are overweight, obese, or ailing from cardio-metabolic disorders (Hankin et al., 

1972; Pobocik et al., 2000; Davis et al., 2004; Zeng et al., 2010; Hosey et al., 2011; Dever, 2013; 

Durand, 2013; Ichiho et al., 2013a; Hoy et al., 2013; Cash, 2013, 2014; Hawley et al., 2015). 

The rapidly rising prevalence of overweight and obesity in the presence of the persisting 

underweight in USPI women is adversely affecting their health and the health of their children 

(Pobocik et al., 2000; Youfa et al., 2002; Baruffi et al., 2004; Zeng et al., 2010; Finucane et al., 

2011; Flegal et al., 2012; Ogden et al., 2012; Stevens et al., 2012; Cash et al., 2013; Cash, 2014; 

Dever, 2013; Durand, 2013; WHO, 2014b; Hoy et al., 2013; Novotny et al., 2013; Novotny et 

al., 2015; Hawley et al., 2015). Table 1.1 shows the status of childhood, women and overall adult 

overweight and obesity among the USPI in Hawai‘i and in the USAPIs.  
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Table 1.1 Prevalence of Overweight and/or Obesity in Children 2-5 y, Women, and 
Overall Adults in the US and the US-Affiliated Pacific Islands, 2010-2012. 

USAPI 

Childhood (2-5 y) 

Overweight plus 

obese 

Women 

Overweight/ 

Obese 

Adult Overweight 

or Obese 

US 26.7% 35.8% 35.6% 

Hawai‘i 21.5% 48.2% 55.1% 

American Samoa 33 % *70% 93.5% 

FSM, Chuuk 3% 

76.5% 

 

84.2%/57.9% 

 

NA 

FSM, Kosrae 2.5% 

FSM, Pohnpei 1.5% 

FSM, Yap 14% 70.7% 

Guam 52.7% NA 61.5% 

CNMI (Northern 

Marianas Islands) NA NA NA 

Marshall Islands NA 80.8%/49.1% 62.5% 

Palau NA +56.0% 66.2% 

*Women ages 18-44 y; obese (≥32 kg/m2) and 19% are overweight (26-31.9 kg/ 

kg/m2) based on Polynesian-specific BMI cutoffs (Swinburn et al., 1999; Hawley et 

al., 2015). 
+Cash, 2013.  Palau 2012 BRFSS, 2014. 

A single prevalence rate in a cell represents overweight plus obese. 

  

 Despite ongoing chronic disease prevention efforts, (i.e. Women, Infants, and Children 

(WIC) Program and School Physical Education), obesity in women and children continues to rise 

(Kuh et al., 2004; Hosey et al., 2011; Ichiho et al., 2013a; CDC 2014; WHO 2014). As a result, 

research interests have shifted from adult and childhood focused risk factors toward early fetal 

origins of chronic disease in the (Kuh et al., 2004).  
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Compelling evidence from many studies support early fetal life origins of chronic 

diseases. Among these are signs of early metabolic abnormalities (e.g. atherosclerosis, 

hypertension, and hypercholesterolemia) in early childhood, (Kuh et al., 2004; Barker et al., 

2005), increasing risk of overweight/obese children becoming overweight/obese adults, 

particularly if one or both parents are obese (Parsons et al., 1999; Krassas et al., 2004); and early 

initiation of poor lifestyles and health behaviors leading to higher risks of adult chronic diseases 

(Williams et al., 2013; Maimaris et al., 2014; Leech et al., 2014). 

These observations, in addition to the potential adverse effects of the rising prevalence of 

obesity on the offspring children, have compelled a shift of research interests to early fetal life, 

prompting the emerging field of research on fetal origins of health and chronic disease (Barker et 

al., 1992; Barker 1995, 1997, 2008; Barker et al., 2000; Barker et al., 2002; Kuh et al., 2004; 

Barker et al., 2005).  

Fetal Origins of Obesity and Chronic Disease in Children and Adults  

Several theories offer arguments for early fetal origins of chronic disease. This paper 

proposes a blend of Barker’s fetal origins of chronic disease hypothesis (Barker et al., 1992; 

Barker, 1995, 2004, 2008; Barker et al., 2002), Neel’s “thrifty genotype” hypothesis (Neel, 

1962), and the life course approach model (Kuh et al., 2004) as the theoretical framework of the 

dissertation research referred to as the life course model of chronic disease (LCMCD).  

 Barker’s fetal origins of chronic disease hypothesis (also known as the “thrifty” 

phenotype hypothesis) suggest that, in addition to genetic determinants, the origins of chronic 

disease is a consequence of fetal exposure to adverse conditions in utero during critical periods 

of development. As a result, fetal programing resets cardiovascular and metabolic setpoints that 

while beneficial for intrauterine fetal survival may have lasting detrimental effects such as risks 

of obesity and chronic disease (Barker 1995, 1997, 2000; Barker et al., 2001; Barker et al., 2002; 

Barker et al., 2004; Barker et al., 2005; Gluckman et al., 2007; Baker 2012).   

 On the other hand, the “thrifty” genotype hypothesis first proposed by James Neel, a 

geneticist, argues that certain traits (i.e. fat and fat receptor genes or hyperinsulinism) favored 

survival and reproduction during the feast and famine periods of early civilizations (Neel, 1962; 

Rhee et al., 2012). Over time, a “genetic drift” evolved these genes into the dominant traits in 
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certain populations increasing propensities for obesity and chronic disease (Neel, 1962; Genné-

Bacon, 2014).  

 Kuh et al., (2004) extended Barker’s hypothesis adding the life course conceptual 

approach component called “critical period model with late effect modifiers” (Kuh et al., 2004). 

This extended version of Barker’s hypothesis suggests that the reset cardiovascular and 

metabolic setpoints are unmasked in the presence of “modifiers” (i.e. early adiposity rebound, 

EAR) leading to obesity and chronic diseases across the life course and in later life (Kuh et al., 

2004).    

A growing body of research literature in humans and animal models corroborate these 

hypotheses in different countries and populations. Some examples are landmark studies such as 

the Dutch Famine Cohort Studies, Helsinki Cohort Studies, Nurses Health Studies, and the 

Indian Pune study (Neel, 1962; Barker, 1995, 2008; Hales et al., 2001; Eriksson et al., 2001; 

Kramer et al., 2002; Lu et al., 2003; Monteiro et al., 2003; Kuh et al., 2004; Yajnik, 2004; Baird, 

2005; Gluckman et al., 2007; Shankar et al., 2007; Monasta, 2010; Poston, 2010; Rhee et al., 

2012; Rolfe Ede, 2010; Cisneiros, 2013; Taveras et al., 2010; Roseboom et al., 2011; Baker, 

2012; Kim et al., 2012; Hunt et al., 2013; Veenendaal et al., 2013; Bammann et al., 2014; 

Hawley et al., 2015).  

Maternal Nutritional Status (MPNS) and Adverse Health Effects 

 Maternal nutritional status is an important determinant of fetal health in utero and in later 

life (Kuh et al., 2004; Barker et al., 2005; Barker, 2008; Gaudet et al., 2014). Maternal 

nutritional status refers to “markers such as prepregnancy weight and height” whereas maternal 

nutrition refers to “nutritional intake during pregnancy” (Kuh et al., 2004).  

Poor maternal nutritional status such as prepregnancy underweight and prepregnancy 

obesity adversely affect not only the mother’s health but also the health of their offspring. 

Improving the health of mothers, infants, and children predicts the next generation’s health and 

shapes future public health missions. This is one of the high priorities of the US Healthy People 

2020 goal (US Department of Human and Health Services Maternal, Infant, and Child Health HP 

2020, 2014). However, few available data report that only half of pregnant women in the US 

have a healthy prepregnancy weight (Chu et al., 2009b; Chu et al; 2009b).  
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A commonly used measure of maternal nutritional status is body mass index, BMI or 

Quetelet index, developed by a Belgian scientist, Adolphe Quetelet. BMI is calculated as, 

“weight in kilogram divided by the square of height in meter” (CDC, 2014). Maternal nutritional 

status consist of CDC- and WHO-defined BMI categories:  underweight is BMI < 18.5 kg/m2, 

normal weight is BMI 18.5-24.9 kg/m2, overweight is 25.0-29.9 kg/m2, and obese is ≥30 kg/m2 

(WHO, 2014b). While BMI is not a direct measure of fatness, it is a useful proxy measure of 

fatness (Swinburn et al., 1999; Anuurad et al., 2003; CDC, 2014). BMI, however, has 

limitations. Experts suggest that after age 10 y, BMI represents fat as well as lean muscle mass. 

As a result, a high BMI in older children and adults may not necessarily mean 

overweight/obesity in muscular or athletic persons (i.e. Polynesians) (Swinburn et al., 1999). On 

the other hand, lower BMI within the healthy BMI range are associated with higher risks of 

cardiovascular diseases in certain Asian populations (Anuurad et al., 2003).  

 According to CDC’s Pregnancy Nutrition Surveillance System (PNSS) 2010 report, the 

prevalence of underweight among women of reproductive age (WORA) was low, ranging from 

4.6-16% (CDC, 2009; CDC, 2012). Studies show that despite the low prevalence of maternal 

prepregnancy underweight (MPU), it remains a problem among certain race-ethnic populations 

(Davis et al., 2012; Dalenius et al., 2012). 

 On the other hand, the prevalence of obesity has been increasing among women of 

reproductive age (WORA). It was 13.0% in 1993-1994 and increased to 22.0% in 2002-2003, an 

increase of 69.3% (Kim et al., 2012; Flegal et al., 2012). In Hawai‘i and USAPI, the prevalence 

of obesity among USAPI women has been increasing over the past couple of decades (Hankin et 

al., 1972; Pobocik et al., 2000; Pobusky et al., 2009; Zeng et al., 2010; Cash, 2013; Hawley et 

al., 2015). The rising obesity prevalence varies differentially by age, race-ethnicity, 

socioeconomic status, parity, and lifestyle and health behaviors (Ball et al., 2002; Ball et al., 

2006; Getahun et al., 2007; Zeng et al., 2010; Dalenius et al., 2012; Kim et al., 2012; Abrams et 

al., 2013).  

Childhood Nutritional Status and Adverse Health Effects 

Childhood overweight is defined as BMI-for-age and sex ≥85th percentile or BMI-z-score 

>+1SD) to the 95th percentile (<95th percentile or BMI-z-score <+2SD). Obesity is defined as 

BMI-for-age-sex >= 95th percentile. In the last couple of years, experts are recommending use of 
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the overweight cutoff, BMI-for-age and -sex of >=85th percentile (or BMI-z-score >+1SD), to 

describe overweight plus obese children avoiding the stigma of premature labeling children as 

obese (CDC, 2002; WHO, 2015; Ogden et al., 2014).  

For children, BMI is calculated using the same formula as adults. Unlike adults, BMI for 

children varies with weight, age, and sex (Flegal et al., 2011). Thus, children’s nutritional status 

are defined using age- and sex-specific BMI percentiles or standard deviation scores based on 

CDC or WHO recommended growth standard references (Rolland-Cachera, 2011). In this 

study, the WHO growth standard references are used (WHO 2007, 2014, 2015; Grummer-

Strewn et al., 2010). 

 Normal growth trajectory for children follows a certain predictable pattern. It begins with 

rapid growth during the first 12 months up to approximately 3 times the birth weight.  After 12 

months, growth slowly declines until after age 5-7 y. After age 5-7 y, a second rapid growth 

adiposity rebound begins, lasting until growth ends in adolescence. Growth patterns that deviate 

from the normal growth trajectory reflect poor nutritional status—underweight, stunted or 

accelerated (catch-up) or early adiposity rebound (Ong 2000, 2004, 2010; Monteiro, 2003; 

Goodell et al., 2009). 

 There are several measures of childhood growth from birth. These are birth weights (i.e. 

LBW, Low birth weight and HBW, high birth weight), birth lengths and early adiposity rebound 

(EAR).  

 According to the life course model of chronic disease LCMCD), the fetal origins of 

obesity follow two fetal origins pathways. The first is prepregnancy underweight (MPU) causing 

LBW. LBW independently or as a mediator of MPU, leads to obesity in childhood and later life. 

Accordingly, LBW is an early marker of fetal programming. As suggested by the LCMCD, in 

the presence of MPU, fetal programming may program for a fetus with efficient energy use and 

storage trait. As a result, the fetus spares somatic growth for survival and consequently is born 

LBW but programmed to store energy efficiently.  

After birth, if the extra-uterine environment is mismatched (i.e. obesogenic “high energy” 

environment) with the “low energy” intra-uterine environment, the offspring’s “enhanced energy 

storage trait” becomes detrimental leading to increased risk of obesity and associated metabolic 
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diseases across the life course (Monteiro et al., 2003; Kuh et al., 2004; Barker et al., 2005; 

Monasta et al., 2010; Han et al., 2011).  

A review of two similar studies, one in Pelotas, Brazil and the other in Cebu, 

Phillippines, showed LBW and catch-up growth lead to increasing childhood weight and later 

high blood pressure in adolescents (Adair et al., 2003). In addition, the Avon longitudinal study 

(Avon Study) of pregnancy and childhood in the United Kingdom by Ong and colleagues found 

a positive association between childhood obesity at age 5 y and infants with catch-up growth 

(weight increases of >0.67 SD of their z-scores) particularly if the children had lower birth 

weights, birth lengths, and ponderal index. Other contributing factors identified were maternal 

nulliparity and smoking (Ong et al., 2000).  

Follow-up reanalysis of the Avon study data reconfirmed the positive association 

between fetal growth and parity, smoking, and maternal gestational weight gain (Ong et al., 

2004). Moreover, Ong et al., (2004) showed that rapid infant or catch-up growth increases the 

risk of obesity and chronic disease in later adult life (Ong et al., 2004; Eriksson et al., 2001). 

 The other fetal origins pathway is prepregnancy obesity (MPO) causing HBW. HBW, 

independently or as a mediator of MPO, leads to obesity and chronic disease in childhood and 

later life. HBW is an early marker of fetal programming resetting metabolic setpoints resulting in 

selection for an adaptive trait (e.g. FTO gene) optimizing survival in harsh environments such as 

the frequent famines in the past. The consequent “genetic drift’ selectively preserves this 

adaptive trait, which over time becomes part of the gene pool of a population. In a mis-matched 

extra-uterine environment (i.e. obesogenic), the adaptive trait becomes a potential link to 

increased intergenerational susceptibility for obesity and chronic disease in childhood and later 

life (Neel, 1962; Gluckman et al., 2007; Rhee et al., 2012; Genné-Bacon, 2014). 

 Based on these studies, birth weight or “early adiposity rebound” can be biomarkers of 

life course manifestations of fetal developmental programming consequent to adverse exposures 

in utero. Across the life course, certain environmental cues may trigger phenotypic expressions 

of the changed metabolic setpoints. As a result, susceptible individuals (i.e. race-ethnicity, USPI) 

become more likely to develop obesity and chronic disease in childhood and later life (Monteiro 

et al., 2003; Barker, 2004; Kuh et al., 2004, Monasta et al., 2010; Poston, 2010; Lloyd et al., 

2012). Some evidence of the programmed cardiovascular and metabolic changes or reset 
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setpoints found in obese young children (i.e. vascular fatty streaks, insulin resistance, and excess 

adiposity) are suggestive of elevated risk for premature chronic diseases and the dire health 

implications for future generations (Yajnik, 2004; Kuh et al., 2004; Barker, 2006; 2007; 

Symonds et al., 2013).  

 During the last two decades, an increasing body of literature reports a positive association 

between maternal prepregnancy underweight (MPU) and low birth weight (Neggars et al., 2003; 

Han et al., 2011; Yu et al., 2013; US HHS, 2014). In addition, increasing number of studies are 

showing strong associations between low birth weight and the increased risk of adult mortality 

due to cardiovascular diseases based on Barker’s fetal origins of chronic disease hypothesis 

(Barker, 1995; Roseboom et al., 2011).  

 Furthermore, maternal prepregnancy obesity (MPO) is found to be a strong predictor of 

high birth weight (Neel, 1962; Chiba, 2013; Yu et al., 2013; Li et al., 2013a; Li et al., 2013b; 

Barker, 2008; US DHHS, 2014). These studies theoretically support the association between 

poor maternal nutritional status as a key link of intergenerational risk of obesity and chronic 

disease in childhood that persist into adulthood (Baird, 2005; Oken, 2009; Barker, 2008; 

Monteiro et al., 2003; Yu et al., 2013; Monasta et al., 2010; Poston, 2012; Genné-Bacon, 2014).   

Research Gaps 

 A few studies and incomplete data exist on the prevalence of maternal nutritional status 

and its association with birth weight and obesity in childhood and later life among the USPIs.   

 In Hawai‘i, according to Zeng et al., (2010), 1 in 3 women who completed the PRAMS 

survey between 2000 and 2008 were obese before pregnancy. The highest prevalence of obesity 

was among Samoan women, >50% (95% CI: 43.7-56.8). The next highest prevalence of obesity 

was among Other Pacific Islanders (including Micronesians), 27.7% (95% CI: 23.2-32.8). Obese 

women were between ages 25-34 y, high school graduates, unmarried, low income (proxy 

measure was WIC participation) and multiparous (Zeng et al., 2010).   

 A recently published study by Hawley et al., (2015) reported the prevalence of obesity 

among Samoan women in American Samoa ages 18-44 y was 70%. The authors conducted chart 

reviews of American Samoa Lyndon B. Johnson (LBJ) Tropical Medical Center’s prenatal 

records from 2001-2008 (N=1,036) yielding a final sample size, N=632. The purpose was to 

investigate maternal gestational weight gain (gwg) among Samoan women and its association 
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with maternal characteristics and four adverse outcomes including large for gestational (LGA) 

birth and childhood obesity at age 1 y. Of the 632 singleton, term live births, 31.6% (N=200) of 

the women had BMI at 13 weeks (“early pregnancy weight”) but not at prepregnancy. 

Overweight and obesity were defined using a “Polynesian” BMI cutoff criteria (overweight, BMI 

≥26 kg/m2 and obese, BMI ≥32 kg/m2) compared to a reference BMI < 26 kg/m2.  

The prevalence of “early pregnancy” obesity was 52% and overweight plus obesity was 

78% (Hawley et al., 2015). The findings were somewhat consistent with the findings reported by 

Zeng et al., (2010). Hawley et al., (2015) further reported that gwg was less in older, married, 

and multiparous women. In addition, ‘Early pregnancy’ obesity was more likely associated with 

multiparous, higher income, married status, and higher gwg women. These findings are 

consistent with findings in middle income countries where higher income are associated with 

higher risk of overweight or obesity in women and children (Abegunde et al., 2007; Zeng et al., 

2010; Hawley et al., 2015).   

There were few other studies that examined this relationship among women and children 

in Hawai‘i and in the USAPIs. In Palau, one study was a nutritional assessment study of a 

sample of women using prenatal clinic (N=27) (Pobocik et al., 2000). A more recent Palau 

cohort study by Cash (2013) examined prepregnancy BMI with tobacco use and risk of 

premature births between 2008 and 2013 (Cash et al., 2013).   

In Guam, a study conducted by Alur et al., (2003) examined the association between 

race-ethnicity and infants of diabetic mothers (IDM) among indigent populations (migrants from 

Micronesia) (Alur et al., 2003).  

In Hawai‘i, Chang et al., (2010) examined the prevalence of gestational diabetes (GDM) 

among Micronesians in Hawai‘i (Chang et al, 2010). There were no other published studies to 

date on maternal prepregnancy nutritional status among any of the US Pacific Islanders.  

Based on these few studies, several literature gaps are noted. In a population group 

experiencing the worst chronic disease epidemic, there is a huge gap in research literature on the 

adverse effects of poor maternal nutritional status on their offspring and the intergenerational 

risk of obesity and chronic disease among the USPIs in Hawai‘i and in the USAPI. Of the few 

studies reviewed, certain inconsistencies were observed in the definition of obesity, varying age 
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groups used to describe the prevalence of childhood obesity, and reporting prevalence without 

standard deviations or 95% confidence intervals reduced comparability of prior studies.  

Theoretically, the rising prevalence of obesity and chronic disease in women and their 

children may be a major driver of the chronic disease epidemic in this population.  A better 

understanding of the origins of obesity and chronic disease using consistent definitions will help 

guide effective interventions to reduce the burden of the chronic disease epidemic in this 

population reported to be the “fattest people on earth” (Keating, 2011). Therefore, there is a 

strong argument for more research in this population using LCMCD (Figure 1.2). The LCMCD 

offers an evidence-based theoretical framework for research use to explore the association 

between poor maternal nutritional status and its adverse effects as early fetal origins of obesity 

and chronic disease across generations among the USPIs in Hawai‘i and USAPI.  

Purpose of this dissertation 

The purpose of this dissertation research was to examine the associations between the 

adverse effects of poor prepregnancy nutritional status (MPU and MPO) as a key link to 

intergenerational risk of obesity and chronic disease in childhood and later life among the USPI 

in Hawai‘i and USAPI. The goal is to contribute theory-based research knowledge to the non-

existent body of literature, inform effective public health policies, and guide interventions for 

obesity and chronic disease prevention programs. On this basis, the three studies were conducted.  

using the life course model of chronic disease (Figure 1.2) as the conceptual framework (Figure 

1.3) to seek the relationship between poor prepregnancy nutritional status and intergenerational 

risk of obesity and chronic disease among USPIs in Hawai‘i and in the USAPI. 

Research Questions  

Study 1: 1) What are the prevalence of prepregnancy underweight (MPU) and obesity (MPO) in 

the USPI NHOPI in Hawai’i using Hawai‘i BRFSS data for 2006-2010? 2) Do differences exist 

in the prevalence of MPU and MPO between race-ethnicity USPI NHOPI compared to White 

WORA adjusting for differences and potential confounding effects of other maternal 

characteristics such as demographic, socioeconomic, lifestyle and health behavior factors?  

Study 2: 1) What are the prevalence of prepregnancy underweight (MPU) and obesity (MPO) in 

the USPI Micronesians and Samoans among women who delivered live births in the Hawai’i 

RMATRIX database for period 2006-2012? 2) Do differences exist in the prevalence of MPU 
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and MPO by race-ethnicity? 3) What are the prevalence of LBW and HBW among singleton, 

term, live births to USPI Native Hawaiians, Samoans, Micronesian and White women? 4) Do 

differences exist in the prevalence of LBW and HBW by race-ethnicity 5) Is MPU associated 

with LBW adjusting for differences and potential confounding effects of race-ethnicity and other 

maternal characteristics such as demographic, prenatal, lifestyle, health behavior factors, and 

infant characteristics (birth length and sex)? 8) Is MPO associated with HBW adjusting for 

differences and potential confounding effects of race-ethnicity and other maternal characteristics 

such as demographic, prenatal, lifestyle, health behavior factors, and infant characteristics (birth 

length and sex)?  

Study 3: 1) What are the prevalence of prepregnancy underweight (MPU) and obesity (MPO) 

among Palauan women who delivered live births in Palau between 2003 and 2008 in the PERL 

cohort study?  

2) Do differences exist in the prevalence of MPU or MPO in Palauan women by maternal 

characteristics such as demographic, prenatal, lifestyle and health behavior factors?  

3) What are the prevalence of LBW and HBW among term, singleton, live births to Palauan 

women in Palau between 2003 and 2008 in the PERL cohort study?  

4) Is MPU associated with LBW adjusting for differences and potential confounding effects of 

maternal characteristics such as demographic, prenatal, lifestyle, health behavior factors, and 

infant characteristics including birth length and sex?  

5) Is MPO a predictor of HBW adjusting for differences and potential confounding effects of 

maternal characteristics such as demographic, prenatal, lifestyle, health behavior factors, and 

infant characteristics including birth length and sex?  

 6) What is the incidence of childhood overweight plus obesity (CO) among 4-6 years children 

born singleton at term to Palauan women in Palau between 2003 and 2008 in the PERL cohort 

study?  

7) Is MPU independently associated with CO adjusting for differences and potential confounding 

effects of maternal characteristics such as demographic, prenatal, lifestyle, health behavior 

factors and child characteristics (LBW, EGA, birth length, BMI at 18-24 months, and sex)?  

8) Is MPO independently associated with CO adjusting for differences and potential confounding 

effects of maternal characteristics such as demographic, prenatal, lifestyle, health behavior 
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factors and child characteristics (high birth weight, EGA, birth length, BMI at 18-24 months, and 

sex)?  

9) Is LBW independently associated with CO adjusting for differences and potential confounding 

effects of maternal characteristics such as MPU, demographic, prenatal, lifestyle, health behavior 

factors and child characteristics (EGA, birth length, BMI at 18-24 months, and sex)?  

10) Is HBW independently associated with CO adjusting for differences and potential 

confounding effects of maternal characteristics such as MPO, demographic, prenatal, lifestyle, 

health behavior factors and child characteristics (EGA, birth length, BMI at 18-24 months, and 

sex)?  

Life Course Model of Chronic Disease and Framework of the Dissertation 

 Figure 1.2 (below) is a schematic representation of the LCMCD as discussed above. The 

life course model of chronic disease was the framework used to investigate the research 

questions in each of the three dissertation research studies. Figure 1.3 (below) is the framework 

outline of this three-article dissertation paper. 

 

Figure 1.2 Life Course Model of Chronic Disease 
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Figure 1.3 Framework of the Three Research Papers Dissertation 
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Community buy-in 

I am one of many non-traditional students in Epidemiology Hawai’i, who have 

worked in the field of public health for the past 20 years. Since 2010, I have served as a 

Public Health Data Specialist for the Pacific Islands Health Officers Association 

(PIHOA), a non-profit organization led by Health Ministers and Directors of the Health 

Care Service Systems across the USAPIs.   

In this capacity, I have observed USAPI Health Ministers and Directors strongly 

articulate concerns about the heavy burden of the chronic disease epidemic crisis among 

the US Pacific Islanders in Hawai’i and the USAPIs. Consequently, an overwhelming 

support for a declaration of an emergency non-communicable disease (NCD) epidemic 

crisis in the USAPI region-wide and in-country was unanimously endorsed by all health 

and political leaders for the Pacific region in April 2010 (PIHOA, 2010; Durand, 2013; 

Ichiho et al., 2013). On this basis, there are abundant evidence of concerns and interests 

among health leadership at the US Pacific regional and local levels in research that may 

guide efforts to effectively reduce the burden of chronic disease among the USPI 

populations in Hawai‘i and the USAPI. 

In addition, I have received invitations to present the PERL cohort study findings 

at the PIHOA Board Meeting in Palau on March 11, 2015 and the Pacific Basin Medical 

Association Annual Summit in September 2015. Thus, this research project is aligned 

with health priorities in the US-Pacific Basin region— Hawai‘i and the US-APIs and has 

been steered with technical assistance from epidemiology experts including Dr. Rachel 

Novotny, Dr. Eric Hurwitz, Dr. Timothy Dye, Dr. Andrew Grandinetti, Dr. Al Katz, and 

Dr. Kelly Roberts. 

Human Subjects Protections 

 The University of Hawai‘i (UH) Institutional Review Board (IRB) reviewed and 

approved the three research studies. In addition, the Hawai‘i Biospecimen Repository 

IRB approved Study 2 and the Palau Ministry of Health IRB approved Study 3, the PERL 

cohort study.  
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CHAPTER 2.  STUDY 1: POOR PREPREGNANCY NUTRITIONAL STATUS 

AND RACE-ETHNICITY AMONG US PACIFIC ISLANDER WOMEN OF 

REPRODUCTIVE AGE IN HAWAIʻI: A CROSS-SECTIONAL STUDY USING 

BRFSS DATA FOR 2006-2010 

ABSTRACT 

Introduction. There is a chronic disease epidemic among US Pacific Islanders in 

Hawai‘i and in the US-Affiliated Pacific Islands. Despite ongoing and prevention efforts, 

the adverse effects of the rising prevalence of obesity on the health of women and the 

implications for obesity and chronic disease in their children is an alarming public health 

concern. Few studies have examined factors associated with the rapidly rising obesity in 

women of reproductive age among the US Pacific Islanders. To understand the burden of 

the chronic disease epidemic in this population, there is a tremendous need for evidence-

based research to guide prevention policies and programs. Therefore, the objectives of 

this study were to estimate the prevalence of poor prepregnancy nutritional status 

(underweight and obesity) and their associations with demographic, socioeconomic, 

lifestyle and health behaviors in US Pacific Islander women of reproductive age in 

Hawai‘i.  

Methods: This was a population-based cross-sectional study using Hawai‘i BRFSS data 

for 2006 to 2010. The study sample comprised of women of reproductive age between 18 

and 44 years, residents of Hawai‘i State who met eligibility criteria and participated in 

the BRFSS survey between 2006 and 2010. Descriptive statistical analyses estimated the 

prevalence of prepregnancy underweight and obesity. Logistic regression models 

assessed the associations between prepregnancy underweight or obesity and race-

ethnicity, demographic, socioeconomic, lifestyle, and health behaviors. Stata/IC 13.1 

version 12.2 for Windows (StataCorp LP) and IBM SPSS version 20 for Windows 

generated the estimated prevalence and odds ratios. 4.8 (3.9-5.9) 

Results. Of the 5,117 women, 21.9% were Native Hawaiian or Other Pacific Islander, 

38.5% were White, and 39.6% were of Asian origin. The prevalence of underweight 

among Native Hawaiian and Other Pacific Islander women was lower, 1.6% (95% CI: 

1.0-2.5) compared to 3.7% (95% CI: 2.9-4.5) in White and 4.8% (95% CI: 3.9-5.8) in 
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Asian women.  The odds of being underweight among NHOPI women of reproductive 

age were not statistically different from that of White women. In contrast, NHOPI 

women had a high prevalence of obesity, 43.3% (95% CI: 40.3-46.2) compared to White, 

17.0% (95% CI: 15.3-18.6) and Asian women, 14.0% (95% CI: 12.5-15.5). The adjusted 

odds of prepregnancy obesity among NHOPI women were 4.88 times higher compared to 

the odds of obesity among White women, aOR=4.88 (95% CI: 3.92-6.05). Other factors 

associated with obesity in women of reproductive age were age 30 y or older compared to 

20-29 y, less than college graduate, annual income less than $50,000, physically active, 

heavy alcohol users and current smokers. 

Public Health Implications: The high prevalence of obesity among US Pacific Islander 

women of reproductive age has serious public health implications for women’s health and 

the intergenerational health of their offspring.  A large body of literature supports 

implementing comprehensive prevention strategies that integrate early fetal life 

interventions.  Theoretically, eliminating adverse intrauterine factors such as poor 

maternal nutritional status, particularly obesity, may reduce intergenerational risks of 

obesity and chronic disease in childhood and later life in this population.  Further 

research is needed to explore the adverse health effects of poor maternal nutritional status 

on the intergenerational risk of obesity and chronic disease in children and later life.  

Keywords:  US-Pacific Islanders, Native Hawaiian and Other Pacific Islanders, women 

of reproductive age, maternal prepregnancy nutritional status, underweight, obesity, race-

ethnicity, prevalence, logistic regression, crude odds ratio, adjusted odds ratio. 
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INTRODUCTION   

 The rapid rising prevalence of obesity and the co-existing presence of 

underweight in women of reproductive age (WORA) has important public health 

implications for women’s health and the health of their children (Mendez et al., 2005). 

There is scarcity of data on race-ethnic differences in the distribution of demographic, 

socioeconomic, lifestyle, and health behavior risk factors associated with poor nutritional 

status (underweight and obesity) and its intergenerational effect on their offspring in US 

Pacific Islander (USPI) WORA in Hawai‘i.   

 A study published in Maternal and Child Health Journal by Chu et al., (2009) 

based on Pregnancy Risk Assessment Monitoring System (PRAMS) data reported a 

prevalence of prepregnancy underweight was 6.7% (se=0.4), overweight was 20.4 % 

(se=1.1), and obese was 15.8 (se=0.6) among women who delivered live births in 

Hawai‘i in 2004-05 (Chu et al., 2009b).   

 A similar study by Zeng, et al (2010) using Hawai‘i PRAMS data for the period 

2000-2008 found that preconception overweight or obesity has increased by about 20% 

between 2000 and 2008 (Zeng et al., 2010). Furthermore, Zeng et al reported that more 

than 1 in 3 women who delivered a live birth in Hawai‘i between 2000 and 2008 were 

overweight or obese prior to pregnancy. Among these women, 1 in 4 Native Hawaiians 

and Other Pacific Islanders (NHOPI) reported being overweight or obese prior to 

pregnancy. Of the NHOPI women, 75% of the Samoan women reported being 

overweight or obese prior to pregnancy. Other factors reported were women aged 25-39 

y, household income at or below 100 percent of federal poverty level, smokers, or do not 

breastfeed were more likely to report being overweight or obese.  

 Despite these study findings, there is limited knowledge of modifiable factors 

associated with the race-ethnic differences in the prevalence of overweight or obesity and 

chronic disease among the USPI women and their offspring.   

 A better understanding of race-ethnic disparities associated with risk factors that 

increase the likelihood of underweight and obesity in NHOPI WORA could inform 

effective, culturally tailored interventions for control of the rapidly rising prevalence of 

obesity and persisting presence of underweight in NHOPI WORA in Hawai‘i. The life 
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course model of chronic disease (LCMCD) proposes the role of maternal underweight 

and obesity as adverse intrauterine conditions that precipitate early fetal programming. 

Consequently, biological changes such as cardiovascular and metabolic abnormalities 

result and may increase susceptibility for obesity and chronic disease in children and later 

life (Barker, 1998; Hales et al., 2001, Yajnik 2002, 2004; Kuh et al., 2004; McNamara et 

al., 2012; Poston 2012; Rhee et al., 2012). Therefore, the objectives of this study were to 

estimate the prevalence of poor prepregnancy nutritional status (underweight and obesity) 

and their associations with demographic, socioeconomic, lifestyle and health behaviors in 

US Pacific Islander WORA compared to White WORA in Hawai‘i using BRFSS data for 

2006-2010. 

METHODS 

Study design 

 This was a population-based cross-sectional study using CDC’s BRFSS Hawai‘i 

data for 2006-2010. BRFSS is an ongoing data collection system using multi-stage, 

complex sampling methodology. During the study period, BRFSS was a state-based, 

random-digit–dialed telephone survey of civilian, non-institutionalized US adult 

population aged 18 years and older conducted by State Health Departments. Since 2011, 

BRFSS expanded to include the 50 US states, the District of Columbia, Puerto Rico, U.S. 

Virgin Islands, Guam, American Samoa, and Palau. BRFSS also began using cellular 

telephones to supplement the landline phone survey in some states. BRFSS surveys 

collect demographics, socioeconomic, health-risk behaviors, and preventive health 

services utilization related to the leading causes of mortality and morbidity in the United 

States. BRFSS is the “gold standard” of behavioral and chronic disease surveillance 

system (CDC, 2013a). 

Setting 

 Hawai‘i is one of the 50 US States located outside of the continental US in the 

Central Pacific Ocean approximately 2,390 miles (3,850 km) from California and 3,850 

miles (6,195 km) from Japan (Geography of Hawai‘i, 2014).  Hawai‘i is home to most 

USPIs of the race NHOPI (CDC, 2013b). NHOPI consist of Native Hawaiians and Other 

Pacific Islanders including non-US-Affiliated Pacific Islanders (USAPIs).  
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Study Population (Participants) 

The study sample consisted of WORA residents of Hawai‘i who participated in 

the Hawai‘i BRFSS survey during the study period. Eligibility criteria for the study were 

women participants’ ages 18-44 years who reported preferred racial/ethnicity as “White” 

or “Asian” or “Native Hawaiian or Other Pacific Islander” with valid values for BMI and 

race-ethnicity yielding a final sample size, N=5,117 (Figure 2.1).  

Inclusion Criteria 
 
Figure 2.1 Flowchart of Sample Selection Criteria for Study 1 

 
 
 
Data Source(s)/Measures  

The Hawai‘i BRFSS data used for this study were unweighted, individual based 

data downloaded from CDC’s BRFSS website 

(http://www.cdc.gov/brfss/annual_data/annual_data.htm). SAS formatted annual data for 

2006 to 2010 were downloaded and imported into STATA 13.0. These single year data 

files were merged into a single dataset. Using the merged dataset, final dataset included 

eligible participant and excluded all others as described in Figure 2.1.  

  

Total Hawai‘i State BRFSS 
Participants Records 
between 2006-2010

N=32,836

Inclusion Criteria:
Only

N=19,283 
Exclude Males (13,553, 

41.2%)

Inclusion Criteria:
White, Asian, Native 

Hawaiian or Other Pacific 
Islander Females

N=18,230
Excluded Other Race 

(1,053, 3.2%)

Inclusion Criteria:
Age 18 - 44 y (N=5,656)

with Valid BMI value
Final Sample (N=5,117)

Excluded (>44 y and 
missing BMI. N=13,113, 

40.0%)
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Measure Variables 

Table 2.1 Summary of Study Outcome and Predictor variables based on Centers for 
Disease Control and Prevention (CDC) BRFSS codebook for 2006-2010. 
 
Variable  

 
Variable Categories 

 
Recodes  

Preferred Race 

1 = White 
2 = Asian 
3 = Native Hawaiian or   Other 
Pacific Islander (NHOPI) 1 (Reference) 

Age in year group:  

1 = <20y 
2 = 20 – 29y 
3 = 30-39 
4 = >=40 2 (Reference) 

Marital Status Married 
 Yes = 1;  
No = 0 (Reference) 

Education level 

1 = <High School 
2 = High School 
3 = Some college 
4 = College or higher   4 (Reference) 

Household Annual 
Income 

1 = <$25K 
2 = $25 -  <$50K 
3 = $50K - <$75K 
4 = >=$75K 2 (Reference) 

Body Mass Index (BMI, 
kg/m2) Variable name and category Aggregated Recode 
  1=<18.5   
 2=18.5-24.9 2 (Reference) 
 3=25.0-29.9  
 4=30.0 and over  

MPU (underweight) Yes (BMI<18.5 kg/m2)  

Prepregnancy normal 
weight (MPN) BMI 
18.5-24.9 kg/m2 
(Reference) 

MPO (obese) Yes (BMI >=30.0 kg/m2) 
 BMI 18.5-24.9 kg/m2 
(Reference) 

Lifestyle and Health 
Behaviors   
Current Smoking Yes No (Reference) 
Heavy alcohol use Yes No (Reference) 
Any Physical Activity Yes No (Reference) 
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Main outcome/dependent variable(s) 

 The main outcome variable of interest was maternal prepregnancy BMI as a 

measure of maternal prepregnancy nutritional status (MPPNS).  

 Although participating women in this study were not pregnant or recently 

pregnant, we used the terminology “maternal prepregnancy BMI” to describe the 

prepregnancy BMI of women of reproductive age (WORA) or women who recently 

delivered live infants.   

 Maternal prepregnancy BMI was based on self-reported prepregnancy weight and 

height (calculated using weight in kilogram/height in meters squared) categorized using 

WHO-defined BMI categories: underweight (<18.5 kg/m2), obese (>29.9 kg/m2), and 

normal (18.5-24.9 kg/m2). The BMI category overweight (25-29.9 kg/m2) was defined 

but excluded from final regression analyses. 

Main predictor (exposure) variable(s) 

The main exposure variable was race-ethnicity: race-ethnicity NHOPI compared 

to White (reference race). The race Asian was included for comparison to illustrate 

masked race-ethnic health disparities in aggregated data for NHOPI and Asian (Asian and 

Pacific Islanders, API). Despite the OMB federal mandate requiring reporting of federal 

data to disaggregate NHOPI and Asians, research continues to report health data 

aggregated for NHOPI and Asians in the US. 

Covariates—potential confounders or effect modifier covariates 

Other important variables considered in the analysis were women’s age (18-19 or 

<20, 20-29, 30-39, 40-44 or ≥40 y); self-reported marital status (married or not married); 

self-reported educational level (<high school, high school, some college or technical 

training, college graduate or higher); self-reported annual household income (<$25,000, 

$25,000- <$50,000, ≥$50,000); self-reported current smoking status (current smoker or 

non-smoker); self-reported heavy alcohol use (more than 1 alcoholic drink a day); and 

self-reported any physical activity (any physical activity other than job related physical 

activity yes or no) described in detail in Table 2.1.  
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Analysis 

 Analyses were in several steps: 

Analysis step 1: Descriptive statistical analyses began with examining the data for 

validity, outliers, and missing values using frequencies (count and percent), means, 

standard deviations, proportions, and 95% confidence intervals of the means and 

proportions.  

Analysis step 2: Descriptive statistical analyses generated the estimated prevalence of 

prepregnancy underweight (MPU), normal weight (MPN), obesity (MPO) and the 95% 

confidence interval for prevalence. MPN was the reference category. 

Analysis step 3: To estimate the association between MPU and race-ethnicity adjusting 

for differences and potential confounding factors, univariate and multivariable logistic 

regression analyses were undertaken. Univariate logistic regression analysis estimated the 

crude odds ratios, cORs between MPU and race-ethnicity. Purposeful selection method 

identified significant and potential confounding covariates for the multivariable logistic 

regression model.   

Purposeful Selection of Covariates Method 

 The purposeful covariate selection method first begins with a univariate analysis 

of each variable as candidate for the multivariable logistic regression. According to 

Bursac et al., (2008), any covariate significant in the univariate test using a cut-off p-

value ≤0.25 is selected as covariate candidate for the multivariable logistic regression.  

 Second, in the multivariable logistic regression model, a variable is removed from 

the model if it is not significant based on a cut-off set at p≤0.1. In addition, a variable is 

removed from the model if it is not a confounding variable. A confounding variable is 

identified if its removal results in a change >20% in the parameter estimate (regression 

coefficient) of the remaining variables in the model.  

 Third, any variable not selected for the logistic model in step 1 and 2 is added 

back one at a time. The third step is used to identify variables that although not 

significantly related to the outcome or a confounding variable, may have important 

effects in the presence of the other covariates. If any are significant at p≤0.15 level, they 

are retained in the final model (Jewell, 2004; Bursac et al., 2008; Hosmer et al., 2008).  
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Analysis step 4:  Repeat Step 1 to Step 3 to estimate the association between the MPO 

and race-ethnicity among WORA adjusting for differences and potential confounding 

effects of select demographic, socioeconomic, lifestyle and health behavior 

characteristics of the WORA.  

 Analyses were conducted using Stata/IC 13.1 version 12.2 for Windows 

(StataCorp LP) and repeated in IBM SPSS Statistics for Windows version 20 for analysis 

validation. This study was approved by the University of Hawai‘i at Mānoa Institutional 

Review Board. 

RESULTS 

 Of the 5,117 women in the final dataset, 21.9% were NHOPI, 38.5% were White, 

and 39.6% were of Asian origin. Table 2.2 describes the study subjects. 

 The overall prevalence of maternal prepregnancy underweight (MPU) was 3.7% 

and obesity (MPO) was 21.5%. Most of the women were ages 30-39 y (43.6%), 27.2% 

were 40-44 y, 25.1% were 20-29y and 4.1% were less than 20 y or 18-19 y.  Over half 

were married (58.4%). Most of the women were college graduate, 38.7%, 30.9% had 

some college education, and 26.9% were high school graduate. Very few, 3.5% of the 

women, were less than high school graduate level.   

 Nearly half (46.2%) of the women had an annual household income of greater 

than or equal to $50,000, 26.7% between $25,000 and $49,999, and 18.8% were at less 

than $25,000. A small proportion, 18.5% and 6.4%, respectively claim to be current 

smokers and heavy alcohol users. In contrast, more than 3 out of 4 participants (79.6%) 

claim to engage in any physical activity. 
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Table 2.2 Characteristics of Women of Reproductive Age (WORA) in the Centers for 
Disease Control and Prevention (CDC) Behavioral Risk Factor Surveillance System 
(BRFSS), Hawai‘i, 2006-2010 (N = 5,117) 
Characteristics n % 
Prepregnancy nutritional status using    

Underweight (BMI<18.5 kg/m2) 189 3.7 
Normal weight (18.5 - 25.0 kg/m2)  2,525 49.4 

Overweight (25 - 29.9 kg/m2) 1,301 25.4 
Obese   (≥ 30 kg/m2) 1,102 21.5 

Race-Ethnicity   
White 1,970 38.5 
Asian 2,028 39.6 

Native Hawaiian or Other Pacific Islanders 1,119 21.9 
Age (years)   

<20 207 4.1 
20-29 1,283 25.1 
30-39 2,233 43.6 
40-44 1,394 27.2 

Marital Status   
Currently Married 2,989 58.4 

Education level   
<High School 179 3.5 

High School 1,377 26.9 
Some college 1,579 30.9 

College or more 1,978 38.7 
Income level   

<$25,000 962 18.8 
$25,000-<$50,000 1,364 26.7 
$50,000 or higher 2,365 46.2 

Current Smoker 948 18.5 
Heavy alcohol use 327 6.4 
Any physical activity 4,074 79.6 
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 Figure 2.2 shows the prevalence and 95% CI of prepregnancy underweight, 

normal weight, and obesity by race-ethnicity. The prevalence of MPU was lowest for 

NHOPI WORA, 1.6% (95% CI: 1.0-2.5) compared to 3.7% (95% CI: 2.9-4.6) for White 

and 4.8% (95% CI: 3.9-5.0) for Asian WORA (Table 2.3 and Figure 2.2).  On the other 

hand, the prevalence of MPO was highest for NHOPI WORA, 43.3% (95% CI: 40.3-

46.2) compared to White, 17.0% (95% CI: 15.4-18.7) and Asian women, 14.0 (95% CI: 

12.6-15.6) (Table 2.3 and Figure 2.2).   
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NHOPI 1.6 25.4 43.3
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Figure 2.2 Prevalence and 95% Confidence Interval (95% CI) of 
Underweight, Normal weight, and Obesity by Race-ethnicity among 

Women of Reproductive Age in Hawai‘i
using BRFSS data for 2006-2010 (N=5,117)
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Table 2.3 shows the demographic, socioeconomic, lifestyle and health behavior 

characteristics by race-ethnicity of the study subjects.  By race-ethnicity, NHOPI WORA 

had the highest mean BMI, 30.1±7.47 kg/m2 compared to the mean BMI for White 

WORA, 25.2±5.67 and Asian WORA, 24.6±5.04. NHOPI women were younger with a 

mean age was 32.1±7.7 y compared to the mean age 34.0±7.2 y in White women. There 

were no significant differences in age by race-ethnicity except a significantly less NHOPI 

WORA were age 40 or older compared to White and Asian WORA. In addition, a higher 

proportion of NHOPI women were unmarried compared to White and Asian WORA. 

 Compared to White WORA, a higher percent of NHOPI WORA had annual 

household income of less than $50,000.  Fewer NHOPI WORA completed some college 

education or higher (50.8%) compared to over 70% of White WORA. The percent of 

White WORA who reported completing college or higher education level was 41.4% 

(95% CI: 39.2-43.6) compared 21.3% (95% CI: 18.9-23.7) of NHOPI WORA in Table 

2.3. 

 Of the lifestyle and health behavior factors, 79.9% (95% CI: 78.8-80.9) of the 

NHOPI WORA reported “participating in any physical activities or exercises such as 

running, calisthenics, golf, gardening, or walking for exercise other than their during the 

past month,” (CDC BRFSS 2010) compared to 87.4% (95% CI: 39.2-43.6) of the White 

women. Furthermore, 27.4% (95% CI: 24.8-30.0) of NHOPI WORA were current 

smokers compared to 19.9% (95% CI: 18.1-21.6) of White WORA. Both NHOPI and 

White WORA reported low levels of heavy alcohol use, 9.8% (8.1-11.6) and 7.9% (95% 

CI: 6.1-9.1), respectively.   

 

 

 

 

 

 

 

 

 29 



Table 2.3 Descriptive Summary of Nutritional Status of WORA by Race-ethnicity and 
select demographic, socioeconomic, lifestyle, and health behavior characteristics using 
Hawai‘i BRFSS annual data for 2006-2010 (N=5,117). 

WORA Characteristics 
White 

N=1,970 
Asian 

N=2,028  
NHOPI 
N=1,119 

 
Mean or %  
(95% CI) 

Mean or %  
(95% CI) 

Mean or %  
(95% CI) 

BMI in kg/m2 25.4 (25.1-25.7) 24.3 (24.1-24.6) 30.1 (29.5-30.7) 
Underweight (BMI<18.5 

kg/m2) N=188 3.7 (2.9-4.5) 4.8 (3.9-5.9) 1.6 (0.8-2.3) 
Normal weight  

(18.5 - 25.0 kg/m2) N=2520 54.7 (52.5-56.9) 57.4 (55.2-59.5) 25.4 (22.8-27.9) 
Overweight  

(25 - 29.9 kg/m2) N=1300 24.7 (22.8-26.6) 23.8 (21.9-25.6) 29.8 (27.1-32.4) 
Obese   (≥ 30 kg/m2) 

N=1102 16.9 (15.3-18.6) 14.0 (12.5-15.5) 43.2 (40.3-46.1) 
Age in years (Mean, sd.) 31.8 (31.4-32.3) 31.8 (31.3-32.3) 29.9 (29.2-30.5) 

<20 (N=207)  6.1 (5.0-8.7) 7.3 (5.4-9.2) 8.2 (4.2-6.9) 
20 – 29 (N=1280) 23.8 (22.0-25.7) 22.2 (20.4-24.1) 32.3 (29.6-35.1) 
30 – 39 (N=2232) 44.1 (41.9-46.3) 44.3 (42.1-46.4) 41.6 (38.7-44.5) 

≥ 40 (N=1391) 28.5 (26.5-30.5) 29.7 (27.7-31.7) 20.5 (18.1-22.8) 
Marital Status    

Married (N=2985)  62.7 (60.6-64.5) 61.3 (59.2-63.5) 45.6 (42.7-48.5) 
Not married (N=2123)  37.3 (35.1-39.4) 38.6 (36.5-40.8) 54.4 (51.5-57.3) 

Household Annual Income     
<$25,000  (N=961) 17.7 (15.9-19.4) 15.7 (14.0-17.4) 33.9 (31.0-36.8) 
$25,000- <$50,000 

(N=1361) 27.9 (25.8-30.0) 28.1 (26.0-30.1) 33.0 (30.1-35.9) 
≥$50,000 (N=2364) 54.5 (52.2-56.7) 56.2 (53.9-58.5) 33.1 (30.2-36.0) 

Educational level    
< High school (N=179) 3.2 (2.4-4.0) 2.2 (1.5-2.8) 6.4 (5.0-7.9) 
High school (N=1376) 23.2 (21.3-25.0) 21.9 (20.1-23.7) 42.8 (39.8-45.7) 

Some college (N=1577) 32.2 (30.2-34.3) 30.3 (28.3-32.3) 29.5 (26.8-32.2) 

College or higher (N=1974) 41.4 (39.2-43.6) 
45.7 (43.5- 

47.8) 21.3 (18.9-23.7) 
Lifestyle & Health 
Behaviors    

Any exercise (N=5110) 87.4 (85.9-88.8) 72.8 (70.9-74.8) 78.3 (75.9-80.7) 
Heavy alcohol use 

(N=5056)  7.9 (6.7-9.1) 3.1 (2.4-3.9) 9.8 (8.1-11.6) 
Smoking (N=5097) 19.9 (18.1-21.6) 12.4 (11.0-13.8) 27.4 (24.8-30.0) 
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Table 2.4 shows the association between MPU and race-ethnicity for WORA. 

Compared with White WORA, NHOPI WORA had a 13% lowered odds of reporting to 

have MPU after adjusting for covariates including age, marital status, income, education, 

current smoking, heavy alcohol use, and physical activity. However, this aOR was not 

statistically significant (aOR=0.81, 95% CI: 0.45-1.46).  

Table 2.4 Association Between Prepregnancy Underweight (MPU) and Race-ethnicity 
among Women of Reproductive Age (WORA) in Hawai‘i, BRFSS 2006-2010. 

Underweight cOR P-
value 

95% Conf. 
Interval  aOR P-

value 
95% Conf. 
Interval 

Race-ethnicity               
White Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

NHOPI 0.94 0.805 0.55 1.59 0.87 0.534 0.45 1.50 
Age (y)         

<20 2.41 0.001 1.42 4.07 2.28 0.068 0.94 5.55 
20-29 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

30-39 
0.94 0.864 0.65 1.34 0.69 0.195 0.39 1.21 

>=40 0.67 0.086 0.44 1.03 0.54 0.067 0.28 1.04 
Education level         
         Less than high school 2.29 0.038 1.17 4.5 1.7 0.377 0.52 5.53 

High school 1.10 0.922 0.75 1.61 0.89 0.735 0.45 1.77 
                  Some college 1.11 0.727 0.79 1.57 1.64 0.071 0.96 2.81 
           College or higher Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Any physical activity         
Yes 1.75 0.001 1.25 2.44 1.99 0.033 1.06 3.75 
No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

 

 Table 2.5 shows the association between MPO and race-ethnicity. Compared to 

White WORA, NHOPI WORA had a 4.88 times higher odds of reporting having MPO 

than the odds in White WORA after adjusting for the differences and potential 

confounding effects of factors including age, marital status, income, education, current 

smoking, heavy alcohol use, and physical activity. Covariates age 30 y or older, less than 

college graduate, annual household income less than $50,000 were associated with 

increased adjusted odds of MPO, with the strongest association between any physical 
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activity (aOR, 2.53, 95% CI: 1.92-3.32) and the lowest association between annual 

household income level $25,000 - <$50,000 (aOR, 1.3; 95% CI: 1.27-2.14).   

Table 2.5 Association Between Prepregnancy Obesity (MPO) and Race-ethnicity 
among Women of Reproductive Age (WORA) in Hawai‘i, BRFSS 2006-10. 

Obesity cOR P-value 95% Conf. 
Interval aOR P-value 95% Conf. 

Interval 
Race-ethnicity                 

White Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
NHOPI 5.49 0.001 4.54 6.65  4.88 0.001 3.93 6.05 

Age (y)                 
<20 0.41 0.001 0.26 0.66 0.26 0.001 0.12 0.53 

20-29 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
30-39 1.09 0.337 0.91 1.30 1.65 0.001 1.27 2.14 

≥40  0.84 0.083 0.69 1.02 1.43 0.017 1.06 1.92 
Education level                 

Less than high school 3.44 0.001 2.35 5.03 2.15 0.006 1.25 3.70 
High school 3.13 0.001 2.61 3.75 1.81 0.001 1.37 2.39 

Some college 2.03 0.001 1.69 2.44 1.58 0.001 1.21 2.05 
College or higher Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Annual household Income                 
<$25,000 2.24 0.001 1.86 2.71 1.42 0.013 1.08 1.88 

$25,000 - < $50,000 1.73 0.001 1.45 2.06 1.30 0.042 1.01 1.66 
>=$50,000 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Any physical activity         
No 1.86 0.001 1.57 2.19 2.53 0.001 1.92 3.32 

Yes Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
Heavy alcohol use         

Yes 0.99 0.967 0.75 1.32 0.68 0.039 0.47 0.98 
No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

Smoker         
Yes 1.91 0.001 1.60 2.27 1.24 0.093 0.96 1.60 
No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 

   
 In sensitivity analyses, MPO was redefined for the NHOPI (BMI>31.9 kg/m2), 

and logistic regressions were repeated. Although the adjusted odds was attenuated, 

aOR=2.15(95% CI: 1.78-2.60), it still maintained the direction and magnitude.  
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DISCUSSION 

 In this population-based cross-sectional study of multi-ethnic WORA in Hawai‘i, 

we found a low but persisting prevalence of MPU among US-PI NHOPIs, Whites and 

Asians in Hawai‘i. Although this finding is consistent with study findings in developed 

countries (Kim et al., 2012), it is inconsistent with a previous studies in the US.  

 Few studies have reported the prevalence MPU among the WORA in the US 

(Davis et al., 2004; D’Angelo et al., 2007; CDC, 2012) and Hawai‘i (Chihara et al., 

2014). CDC reports a low 4.6% prevalence of MPU whereas D’Angelo and colleagues 

reported a 13.2% prevalence of MPU (BMI: <19.8 kg/m2) for the total US population and 

16.6% (95% CI: ±1.6) for Hawai‘i using PRAMS data for 2004. By race-ethnicity, the 

prevalence of MPU was 15.8% (95% CI: ±3.7) for White women in Hawai‘i; however, 

MPU prevalence for NHOPIs and Asians were not reported.  

 A study by Chu et al., (2009) using Florida State perinatal data reported that the 

prevalence of MPU in Asians and Pacific Islanders (APIs) was higher than that of White, 

African Americans, and Hispanics WORA (Chu et al., 2009). This is inconsistent with 

our study finding. We showed that the prevalence of MPU in the Asian WORA was three 

times higher than the prevalence of MPU among NHOPI WORA, 4.8% (95% CI: 3.9-

5.8) and 1.6% (95% CI: 1.0-2.5), respectively.  

 To our knowledge, this study is the first study to report the prevalence of MPU 

between the NHOPI and Asians separately. On this basis, our findings support the notion 

that if the API data for MPU were disaggregated further, Chu et al., (2009) and Kim et 

al., (2012) may have arrived at the same conclusions reported in this study.  

 Other studies suggest that despite their shared similarities, Asians and Pacific 

Islanders have marked cultural heterogeneity that may explain important health 

disparities. The conventional practice of aggregating health data for NHOPIs and Asians 

can mask these important health disparities. Thus, reporting of data on race and ethnicity 

should follow the U.S. Office of Management and Budget’s (OMB) 1997 Revisions to 

the Standards for Classification of Federal Data on Race and Ethnicity. Reporting of 

federal data by race-ethnicity should have at least five race categories: White, Black or 

African American, American Indian or Alaska Native, Asian, and Native Hawaiian or 
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Other Pacific Islander (Tauali’i, 2009; Chu et al., 2009; Census, 2010; Kim et al., 2012). 

 Although the prevalence of MPU in the NHOPI WORA was much lower than the 

Asians’ MPU, it was not different from that of White WORA, 3.7% (95% CI: 2.9-4.6).  

As a result, associations between race-ethnicity NHOPI compared to White WORA and 

MPU was not statistically significant at a cutoff p-value <0.05 adjusting for the 

covariates. Associations of select demographic, socioeconomic, lifestyle, and behavior 

factors and MPU were also not statistically significant at a cutoff p-value <0.05 adjusting 

for the covariates.  

 This study demonstrates a need for further robust studies with adequate power to 

improve understanding and effective elimination of the MPU and its adverse effects on 

fetal health. As suggested by the LCMCD, tailored effective prevention of MPU can 

theoretical eliminate the early fetal programming and intergenerational risk of obesity 

and chronic disease in childhood and later life (Neel, 1962; Barker, 1995, 2004, 2008; 

Barker and colleagues et al., 2000, 2002, 2005; Kuh et al., 2004; Gluckman et al., 2007; 

Genne̔-Bacon, 2014).  

 In contrast, this study shows a high prevalence of MPO in the NHOPI in Hawai‘i.  

This finding is consistent with previous studies among women in Hawai‘i (Zeng et al., 

2010), Samoan women in American Samoa (Hawley et al., 2015), and Palauan women in 

Palau (Cash et al., 2014). Our findings are consistent with the findings of a similar study 

using Hawai‘i PRAMS data by Zeng et al (2010). Zeng and colleagues found that 

Samoan, Native Hawaiian and Other Pacific Islanders had the highest mean BMI 

compared to White and Asian women (Zeng et al., 2010). 

 Furthermore, this study estimated that the odds of obesity in the NHOPI WORA 

were higher than the odds of obesity in the White WORA. Adjusting for the differences 

in age, marital status, income, educational level, physical activity, smoking status and 

heavy alcohol use, slightly attenuated the strength of association. Other characteristics 

significant predictors of MPO that were older age, lack of less physical activity, annual 

household income between $25,000 and $50,000, less than college educated, and heavy 

alcohol use.  
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Limitations 

 This study had several limitations.  First, prior to 2011, BRFSS surveys excluded 

certain adults such as institutionalized people, households without landline telephones, 

cell phone only user, and non-English speakers or other language barrier (CDC BRFSS 

2010).  Research shows that certain demographic profile (i.e. low income, less educated, 

young, and non-White) are more likely to have poor nutritional status (Hinkle et al 2012) 

and more likely fit the exclusion criteria. For example, according to the latest Hawai‘i 

State Department BRFSS report, a higher proportion of overweight or obese respondents 

were of lower socioeconomic level and may not have had phone lines or often working 

and less likely to participate in the BRFSS survey (Hawai‘i DOH 201). Therefore, 

exclusion of certain demographics may compromise the representativeness of the study 

population to selection bias. Despite this limitation, this study found a positive 

association between race-ethnicity NHOPI and obesity,  

A second limitation is information bias from the self-reported data. Social 

desirability bias from self-reported weight and height differentially vary across 

demographic (age and race-ethnicity) and socioeconomic levels (low vs. high income) 

(Gee et al., 2008). The resulting non-misclassification bias may shift the effect towards 

the null masking race-ethnic differences in the prevalence and risk of obesity in NHOPI 

women compared to White women. However, this study found a strong positive 

association between race-ethnicity NHOPI and the odds of prepregnancy obesity.   

A third limitation is information bias from using BMI as proxy measure of obesity 

and related chronic disease. Past research showed that BMI inaccurately estimated 

chronic disease risks particularly in Asians and NHOPI. In Asians, lower BMI levels (i.e. 

23.0 kg/m2) have been associated with higher risk of chronic disease (Swinburn et al). In 

contrast, previous studies have shown that higher BMI levels (i.e. 26.0-27.0 kg/ m2) are 

associated with risks of chronic disease in athletic, muscular, or Polynesian (Anurad et al, 

Novotny et al 2007). 

Strengths 

Despite the limitations of this study, it has several strengths. First, to our 

knowledge, this is the first study that examined the association between the poor 
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nutritional and race-ethnicity adjusting for other important contributing factors (i.e. age, 

socioeconomic, lifestyle and health behaviors) among the USPI in Hawai‘i. Previous 

studies were limited to descriptive summary of the health disparities found in NHOPI 

compared to Asian, White, and Other race (Zeng et al 2010, Moy et al 2010). As a result, 

the finding can guide targeted interventions to eliminate MPU and its adverse effects on 

intergeneration risk of obesity and chronic disease in children and later life according to 

the LCMCD.   

Second, BRFSS complex sampling design optimizes the representativeness of the 

target population. Therefore, BRFSS data are appropriate source for estimating the 

burden of chronic diseases among the USPI in Hawai‘i. As a result, this study found a 

high prevalence of obesity in USPI WORA consistent with previous studies (Pobusky et 

al., 2009; Zeng et al., 2010; Hoy et al., 2013; Hawley, et al., 2015)   

Conclusion 

 With the current state of chronic disease crisis among the USPIs in Hawai‘i and in 

the USAPIs, there is an urgent need to seek effective interventions for elimination of 

obesity and chronic disease (WHO, 2014a; PIHOA, 2010).  

 Despite decades of prevention programs, the USPI NHOPIs are fast becoming the 

world’s “fattest people” (Keating 2011), with women outpacing men (WHO, 2014a). 

This study proposes the LCMCD as the framework for research and targeted 

interventions for reducing the burden of obesity and chronic disease in the USPI 

populations.  

 The LCMCD proposes that if the WORA has poor prepregnancy nutritional status 

(MPU or MPO), at conception, MPU or MPO precipitates fetal programming as the 

origins of obesity and chronic disease. Consequently, fetal programming may alter 

cardiovascular and metabolic setpoints predisposing the fetus to increased susceptibility 

for obesity and chronic disease across the life course in the womb and throughout later 

life (Neel, 1962; Barker 1995, 2000, 2008; Hales and Barker, 2001; Barker et al., 2002; 

Kuh et al., 2004; Baker, 2012; Genne̔-Bacon, 2014).  

 In the context of the current chronic disease epidemic among the USPIs, history 

of frequent famines in the past may have caused a high prevalence of MPU in the USPI 
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WORA. As explained earlier, MPU precipitate the fetal origins of intergenerational 

susceptibility to obesity and chronic disease resulting in a rise of obesity and chronic 

disease in the population. As obesity begins to rise, MPO enters the framework as the 

other risk factor.  MPO in the WORA at conception precipitate the fetal origins of 

intergenerational susceptibility to obesity and chronic disease. With the adverse effects of 

both MPU and MPO, the proposed outcome is the observed rapidly rising prevalence of 

obesity and chronic disease among USPI children and adults in Hawai‘i and in the 

USAPI.   

 This study found equally low prevalence of MPU among NHOPI and White 

women. Its presence remains a concern for the chronic disease epidemic. In contrast, this 

study found a high prevalence of MPO among the USPIs in Hawai‘i. Hence, our findings 

suggest that effective childhood and later life obesity preventive actions need to precede 

conception. Effective reduction of the fetal origins of obesity and chronic disease may 

reduce or halt the chronic disease epidemic and break the link to intergenerational risk of 

obesity and chronic disease in childhood and later life. 
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CHAPTER 3: STUDY 2: PREPREGNANCY OBESITY IS A PREDICTOR OF 

HIGH BIRTH WEIGHT AMONG US-PACIFIC ISLANDERS IN HAWAI'I: A 

CROSS-SECTIONAL STUDY USING RMATRIX DATA FOR 2006-2012 

ABSTRACT 

Introduction: The epidemic of chronic disease among the US Pacific Islanders is a 

serious public health concern in Hawai‘i and in the US-Affiliated Pacific Islands 

(PIHOA, 2010). In Hawai‘i, nearly 40% of women of childbearing age were overweight 

(BMI 25-29.9 kg/m2 or obese (BMI ≥30 kg/m2) (Zeng et al., 2010, WHO, 2014b). There 

are few studies to date that address this problem. The life course model of chronic disease 

suggests poor nutritional status in women of reproductive age is a key link to 

intergenerational risks of obesity and chronic disease in childhood and later life in other 

populations. There is a huge gap in knowledge about the rising prevalence of obesity in 

women and children among the US Pacific Islanders Native Hawaiian, Samoan, and 

Micronesians in Hawai‘i. There is an urgent need for research on the adverse effects of 

the rising obesity among US Pacific Islander women on the health of their offspring in 

the context of the chronic disease epidemic in the population. Therefore, this study 

sought to: (1) estimate the prevalence of poor maternal prepregnancy nutritional status 

(underweight and obesity), (2) estimate the prevalence of low birth weight and high birth 

weight, (3) estimate the association between maternal prepregnancy underweight and low 

birth weight, and (4) estimate the association between maternal prepregnancy obesity and 

high birth weight among live-born infants born to US Pacific Islanders—Native 

Hawaiian, Samoan, and Micronesian women—compared to White women in Hawai‘i.  

Methods: This was a hospital-based cross-sectional study using RMATRIX data from 

the Hawai‘i Biospecimen Repository’s pre and peri-natal/neonatal database consisting of 

5,067 select high-risk mothers who delivered live births at the Kapiolani Women and 

Children Medical Center in Hawai‘i during the period 2006-2012. Stata/IC 13.1 version 

12.2 for Windows (StataCorp LP) and IBM SPSS version 20 for Windows.  

Results: Of the 2,313 US Pacific Islander and White women, maternal prepregnancy 

underweight was highest in Micronesians, 3.9% (2.0-5.8), compared to Native 

Hawaiians, 2.0% (95% CI: 0.8-3.1), Samoans, 1.5% (0.2-2.8), and White women, 3.8% 
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(2.7-5.0). In contrast, prepregnancy obesity was highest in Samoan women, 55.9% (50.6-

61.3) followed by 32.4% (95% CI: 28.5-36.3) in Native Hawaiian and 27.5% (95% CI: 

23.2-31.9) in Micronesians. The odds of prepregnancy obesity were 9.56 times higher, 

aOR=9.56 (95% CI: 6.61-13.8) in Samoan women, 1.97 times higher in Native Hawaiian 

women, OR=1.97 (95% CI: 1.51-2.56), and 1.54 times higher in Micronesian women, 

OR=1.54 (95% CI: 1.13-2.12) compared to the odds of prepregnancy obesity among 

White women.  

The prevalence of low birth weight births was low among the US Pacific Islanders and 

White women alike. In contrast, high birth weight was highest in Samoan infants, 17.9% 

(95% CI: 13.8-22.1). The odds of having a high birth weight infant were 1.78 times 

higher among women with prepregnancy obesity compared to women with prepregnancy 

normal weight, aOR=1.78 (95% CI: 1.20-2.64). Multi-parity and increase in birth lengths 

were associated with increased odds of high birth weight births (aOR=1.14, 95% 

CI=1.01-1.28) and (aOR=2.18, 95% CI=1.96-2.45), respectively.  The odds of high birth 

weight among female infants were 33% less than that for male infants, aOR=0.67(95% 

CI=0.46-0.98).   

Public Health Implication: The chronic disease epidemic among the US Pacific 

Islanders is a serious public health security issue. Preventive strategies should integrate 

prevention before pregnancy, during pregnancy, and between pregnancies in order to 

break the link of intergenerational risk of obesity and chronic disease in the offspring.  

Therefore, future research during the prenatal period provides a window of opportunity to 

evaluate the effects of nutritional and weight interventions in prospective and pregnant 

women on birth weights and subsequent risk of obesity and chronic disease later in life.   

Keywords: Maternal nutritional status, US Pacific Islanders, Native Hawaiian or Other 

Pacific Islander, underweight, low birth weight, high birth weight, body mass index, 

maternal prepregnancy underweight; maternal prepregnancy normal weight, maternal 

prepregnancy obesity, prevalence, crude odds ratio, adjusted odds ratio.   
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INTRODUCTION 

The chronic disease epidemic crisis in the US Pacific Islanders (USPI) is a serious 

public health concern in Hawai‘i and in the US-Affiliated Pacific Islands (USAPI) 

(Pobusky et al., 2009; PIHOA, 2010). In Hawai‘i, nearly 40% of women of childbearing 

age were overweight (BMI 25-29.9 kg/m2 or obese (BMI ≥30 kg/m2) (Zeng et al., 2010, 

WHO, 2014b).  In the US Pacific Islanders (USPI), Samoans had the highest prevalence 

followed by Other Pacific Islanders (including Micronesians), then Native Hawaiians.   

In American Samoa, more than 50% of women who delivered live births during 

the past decade were overweight or obese (Hawley et al., 2014). In Palau, obesity among 

women has been rising since the 1990’s (Pobocik et al., 2000). Based on a recent 

unpublished study, approximately 30% of women who delivered live births between 2007 

and 2013 were obese (Cash et al., 2013). 

Many studies link the rising prevalence of obesity and chronic disease in women 

before pregnancy to poor birth outcomes (low and high birth weights) as suggested by the 

life course model of chronic disease (LCMCD) (Neel, 1962; Barker 1995, 2000, 2002, 

2005, 2012; Hales et al., 2001; Heslehurst  et al., 2008; Rhee et al., 2012; Taveras et al., 

2010; Roseboom et al., 2011; Poston, 2012; Veenendaal et al., 2013; Genne̔-Bacon, 2014; 

Hawley et al., 2015). The proposed mechanism is that poor maternal nutritional status 

(PMNS) (underweight, MPU and obesity, MPO) precipitate fetal programming of 

cardiovascular and metabolic abnormalities in the fetus. As a result, poor maternal 

prepregnancy nutritional status cause low (LBW) or high birthweights (HBW) as early 

markers of chronic disease (underweight and obesity) (Neel, 1962; Barker 1995, 2000, 

2002, 2005, 2012; Hales et al., 2001; Rhee et al., 2012; Taveras et al., 2010; Roseboom et 

al., 2011; Poston, 2012; Veenendaal et al., 2013; Genne̔-Bacon, 2014). 

There is a paucity of data on adverse maternal health associated with poor birth 

outcomes among the USPIs, particularly Samoans and Micronesians in Hawai‘i. A few 

studies have examined adverse maternal nutritional status and its effect on fetal growth 

and birth outcomes among Samoans in Hawai‘i. The findings showed positive 

associations between maternal early pregnancy weight (16 weeks), pregnancy weight 

gain, and high birth weight, and an inverse association with small for gestational age 
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(SGA) infants (Baruffi et al., 2004; Crowell et al., 2007; Crowell et al., 2010; Hawley et 

al., 2015). However, none of these studies examined the association between maternal 

prepregnancy nutritional status (MPPNS) of the USPI women and associations with birth 

weights. 

In a population heavily burdened by obesity and chronic disease, there is an 

urgent need for research to explore the origins of chronic disease among the US Pacific 

Islanders Native Hawaiian, Samoan, and Micronesians in Hawai‘i. This study sought to: 

(1) estimate the prevalence of MPU and MPO by race-ethnicity, (2) estimate the 

prevalence of LBW and HBW by race-ethnicity (3) estimate the association between 

MPU and LBW, and (3) estimate the association between MPO and HBW, among the US 

Pacific Islanders Native Hawaiian, Samoan, and Micronesian women compared to White 

women in Hawai‘i.  

METHODS 

Study Design 

 This research was a hospital-based cross-sectional study using a dataset from the 

University of Hawai‘i John A. Burns School of Medicine (JABSOM) RMATRIX 

Biospecimen Repository pre and peri-natal/neonatal database system. RMATRIX is an 

abbreviation for Research Centers in Minority Institutes (RCMI), Multidisciplinary and 

Translational Research Infrastructure eXpansion. The database system contains records 

of deliveries to eligible high-risk pregnancies at Kapiolani Medical Center for Women 

and Children (KMCWC) in Hawai‘i from 2006 to 2012.  

 The RMATRIX database consists of two components: pre and peri-natal/neonatal 

database and a fetal/maternal blood and placental bank. All personal information 

collected from women agreeing to be a part of this study are securely maintained at the 

RMATRIX (formerly the JABSOM PRCEHD Clinical Phenotype/Patient Sample Core) 

laboratory for research use by approval from both the Hawai‘i Biospecimen Repository 

Committee and University of Hawai‘i Institutional Review Board. RMATRIX follow 

CDC’s race-ethnicity definitions and categories used for this study. This project was 

made available by a grant from The Hawai‘i RMATRIX, which is "supported by grants 

from the National Center for Research Resources (U54RR026136) and the National 
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Institute on Minority Health and Health Disparities (U54MD007584), National Institutes 

of Health.” 

Setting 

 Hawai‘i is one of the 50 US States but is located in the Central Pacific Ocean 

approximately 2,390 miles (3,850 km) from California and 3,850 miles (6,195 km) from 

Japan (Geography of Hawai‘i, 2014).  Hawai‘i is home to most USPI of the race NHOPI 

(CDC, 2013).  NHOPI consist of Native Hawaiians and Other Pacific Islanders including 

non-US-Affiliated Pacific Islanders (USAPIs).  

 Native Hawaiians are indigenous to Hawai’i whereas the remaining Other Pacific 

Islanders originate from non-US-affiliated Pacific Islands (i.e. Tonga, Fiji, Cook Islands, 

Tahiti, etc.,) and USAPI. USAPI is comprised of American Samoa and Micronesia: 

Republic of the Marshall Islands, Federated States of Micronesia (Kosrae, Pohnpei, 

Chuuk and Yap), Guam, Commonwealth of the Northern Marianas Islands, Republic of 

the Marshall Islands, and the Republic of Palau (CDC, 2013; US Census, 2010). This 

study included USPI Native Hawaiians and USAPIs American Samoans, Micronesians 

and White women (reference group). 

Study Population (Participants) 

 Participants in the RMATRIX were high-risk pregnant women who recently 

delivered a live-born infant at the KMCWC in Hawai‘i.  Recruitment was restricted to 

those who were between ages 18 and 50 y, mentally competent, and able to speak, read, 

and understand English.  Incarcerated women were excluded.  All participants had to sign 

a consent before collection of information or specimen. For this study period, January 1, 

2006 to March 31, 2012, the RMATRIX dataset contained information for 6,262 mother-

infant dyads.  For this study, women ages 18-44 y who self-reported as White, Native 

Hawaiian, Samoan, or Micronesian, and had a valid BMI value were included (N=2,313).  

All others were excluded from final analysis. 

Data Source(s)/Measures 

 Trained clinical staff interviewed, measured and recorded prenatal and birth data 

in hospital records. These data were later imported into the RMATRIX perinatal 

database. This study’s researchers (Dr. Rachel Novotny and Angela Techur-Pedro) 
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submitted a research proposal to the Hawaii RMATRIX Biospecimen Repository Office 

to conduct this study for the period January 01, 2006-April 30, 2012. The proposal 

requested the following data for this study: select maternal characteristics (prepregnancy 

weight & height, race-ethnicity, maternal age, smoking status, alcohol and substance use, 

parity, anemia, gestational weight gain or maternal weight at delivery) and infant 

variables (birth year, estimated gestational age, birth weight, birth length and sex) 

described in detail in Table 3.1. RMATRIX provided the study researchers the data in a 

passcode protected Microsoft EXCEL file after approval from the Hawaii Biospecimen 

Repository Institutional Review Board. 

Main outcome/dependent variable(s) 

  The outcome variable in this study, infant birthweight, was in the Hawaii 

RMATRIX dataset. Birth weights were trichotomized into low birth weight (<2500 g), 

normal birth weight (2500-4000 g), and high birth weight (>4000 g). Both low (LBW) 

and high birth weight (HBW) are well-documented birth indicators of perinatal morbidity 

and mortality (Han et al., 2011; Yu et al., 2013). 

Main predictor (exposure) variable(s) 

 The exposure variable of interest was maternal prepregnancy BMI as a measure of 

maternal prepregnancy nutritional status (MPPNS).  

 Maternal prepregnancy BMI was based on self-reported prepregnancy weight and 

height (calculated using weight in kilogram/height in meters squared) categorized using 

WHO-defined BMI categories: underweight (<18.5 kg/m2), obese (>29.9 kg/m2), and 

normal (18.5-24.9 kg/m2). The BMI category overweight (25-29.9 kg/m2) was defined 

but excluded from final regression analyses. 

Covariates—potential confounders or effect modifier covariates 

Other important variables considered in this study were maternal characteristics 

including self-reported race-ethnicity (White as the reference group and US Pacific 

Islanders—Native Hawaiians, Samoans and Micronesians); maternal age calculated from 

date of birth and date of first prenatal exam (<20, 20-29, 30-39, ≥40 y); maternal height 

(cm); parity (nulliparous—no previous live births or multiparous—at least one previous 

live birth); self-reported smoking, alcohol, and substance use during pregnancy; anemia 
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(presence or absence); and gestational weight gain (lbs.). In addition, infant 

characteristics that were considered in the analysis were birth length (cm), sex, and 

estimated gestational age (EGA) in weeks. Because our race-ethnicity group of interest 

was USPI Native Hawaiian, Samoan, Micronesian and White (reference race group), all 

other reported race-ethnicities were excluded from data analysis. In this study, the 

variable self-reported race-ethnicity was used as a proxy indicator of cultural 

heterogeneity among the USPIs as well as in comparison to the standard reference race 

group, White. According to U.S. census experts, self-reported race-ethnicity may be a 

factor that can be used as a proximate measure of cultural dietary practices associated 

with nutritional status (Census, 2010). 
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Table 3.1 Description of select maternal and infant data variables from the Hawai‘i 
RMATRIX, 2006-2012 
Maternal 
Characteristics 

Variable Source 
Type Coding 

Race-Ethnicity 
Detailed country of 
origin (Nominal) 

Using CDC race-ethnicity guideline, 
created 7 categories:  1=White, 
2=Chinese, 3=Filipino, 4=Japanese, 5-
Native Hawaiian, 6-Samoan, 7-
Micronesian—Marshall, Kosrae, Pohnpei, 
Chuuk, Yap, Palau/Chamorro—Guam 
and CNMI.  All others were excluded 
from initial analysis.  All except White, 
Samoan, and Micronesian were selected 
for final analysis. 

Maternal age (y) Continuous 4-category:  <20, 20-29, 30-39, >=40 

Parity Continuous 
2-category:  0=nulliparity; >=1, 
multiparity 

weight (lbs. oz.) & 
height (ft. in.) Continuous 

Converted weight to lbs. & oz. to lbs.; 
converted height to in. Using WHO 
defined body mass index, BMI, categories 
and the formula BMI = weight in lbs. / 
(height in in.)^2 * 703, BMI was 
calculated 

BMI 
Continuous 
between 12 and 60  

4-category: underweight (<18.5)--MPU, 
normal (18.5 – 24.9)—Reference, 
overweight (25.0 – 29.9), obese 
(>=30)MPO 

Measured weight at 
delivery lbs. and oz. Converted to lbs. and kg. 
Gestational weight 
gain (gwg) Calculated as scale 

Calculated using measured weight (lbs.) 
at delivery – prepregnancy weight (lbs.) 

Anemia, Smoking, 
Alcohol use, and 
Drug use 

Nominal, Binary:  
0=No, 1=yes ----------- 

Infant 
Characteristics   

Birth weight (g) Continuous 
3-category:  LBW (<2500);  
normal (2500 – 4000) HBW (>4000) 

Birth length (cm) Continuous ---------- 

Birth sex 
Nominal Binary: 
1=male; 2=female 0=male, 1=female 

EGA (weeks) Scale >=37-42), all others coded missing, “.” 
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Analysis 

 Analyses were in several steps: 

Analysis step 1: Descriptive statistical analyses initially examined the data for validity, 

outliers, and missing values using frequencies (count and percent), means, standard 

deviations, proportions, and 95% confidence intervals of the means and proportions.  

Analysis step 2: Descriptive statistical analyses generated the estimated prevalence of 

prepregnancy underweight (MPU), normal weight (MPN), obesity (MPO), LBW, NBW, 

HBW and the 95% confidence interval for prevalence. MPN was the reference category 

for maternal prepregnancy nutritional status. NBW was the reference category for birth 

weight. 

Analysis step 3: To estimate the association between MPU and LBW adjusting for 

differences in race-ethnicity and potential confounding factors, univariate and 

multivariable logistic regression analyses were undertaken. Univariate logistic regression 

analysis estimated the crude odds ratios, cORs between MPU and LBW. Purposeful 

selection method identified significant and potential confounding covariates for the 

multivariable logistic regression model.  Adjustments were made for differences in the 

identified potential confounding maternal factors including age, marital status, income, 

education, current smoking status, heavy alcohol use and physical activity.  

Analysis step 3 was repeated to estimate the association between MPO and HBW 

adjusting for differences in race-ethnicity and potential confounding factors, univariate 

and multivariable logistic regression analyses were undertaken. Univariate logistic 

regression analysis estimated the crude odds ratios, cORs between MPO and HBW. 

Purposeful selection method identified significant and potential confounding covariates 

for the multivariable logistic regression model (Jewell, 2004; Bursac et al., 2008; Hosmer 

et al., 2008). Adjustments were made for differences in the identified potential 

confounding maternal factors including age, marital status, income, education, current 

smoking status, heavy alcohol use and physical activity.  

This procedure was repeated to examine the association between MPU with low 

birth weight (LBW) and MPO with high birth weight (HBW), respectively (Hosmer et 
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al., 2000; Jewell, 2004). Final estimates of means, prevalence, standard deviations, 95% 

confidence intervals, odds ratios and p-values were generated using Stata/IC 13.1 version 

12.2 for Windows (StataCorp LP). 

RESULTS 

 Of the 2,313 women-infant dyads, 43.9% were White and 56.1% were USPI 

women. Of the USPI women, Native Hawaiians were 24.3%, Samoans were 14.2%, and 

Micronesians were 17.5% summarized in Table 3.2. All other race-ethnicities were 

excluded from final analysis. 

Maternal Prepregnancy Nutritional Status and Race-ethnicity 

Table 3.2 shows differences in maternal prepregnancy BMI by race-ethnicity. 

Samoan women had the highest mean BMI of 31.7% (95% CI: 30.4-33.6) followed by 

Native Hawaiian women, mean BMI of 28.5% (95% CI: 27.5-29.4), and Micronesian 

women, mean BMI of 27.8 (95% CI: 26.7-28.8) compared to the mean BMI of the White 

women, 25.8 (95% CI: 25.4-26.3).  

Prevalence of MPU and MPO by Race-ethnicity 

The overall prevalence of MPU was 5.3% (95% CI:  4.7-6.0). Of the women 

participants, Micronesian had the highest prevalence, 3.9% (2.0-5.8), followed by White 

3.8%, 95% CI: 2.7-5.0), Native Hawaiian, 2.0%, 95% CI: 0.8-3.1), and Samoan, 1.5%, 

95% CI: 0.2-2.8) (Figure 3.1).  

The overall prevalence of MPO was 21.6% (95% CI:  20.6-22.6). Of these 

women, Samoans had the highest prevalence of MPO, 55.9%, (95% CI: 50.6-61.3) 

compared to Native Hawaiian, 32.4% (95% CI: 28.5-36.3), Micronesian, 27.5% (95% CI: 

23.2-31.9) and White, 20.9% (95% CI: 18.4-23.4) shown in Table 3.2 and Fig. 3.1. 

Table 3.2 shows other maternal characteristics included as significant or potential 

confounding factors for the outcome or the predictors.  Significant race-ethnic differences 

were observed in maternal height, gestational weight gain, mean age, parity, anemia, and 

smoking. Compared to the White women, Samoan women were taller whereas 

Micronesian women were shorter. Samoan women gain much more weight during 

pregnancy than White women. White women were older with less live births than the 
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USPI women except for Micronesian women.  More USPI women were anemic and 

smokers compared to White women. 

 

Table 3.2 Descriptive Summary statistics of maternal characteristics by race-ethnicity, Hawai‘i 
RMATRIX 2006-2012  

 White (1,016) 
Native Hawaiian 

(N=562) 
Samoan 
(N=329) 

Micronesian 
(N=406) 

 Maternal 
Characteristics 
(N=2,313) 

Mean or %  
(95% CI) 

Mean or % 
(95% CI) 

Mean or %  
(95% CI) 

Mean or %  
(95% CI) 

Prepregnancy BMI 
(Kg/m2) 25.9 (25.3-26.6) 28.5 (27.5-29.4) 31.7 (30.4-33.1) 27.8 (26.7-28.8) 

Underweight (MPU) 3.8 (2.7-5.0) 2.0 (0.8-3.1) 1.5 (0.2-2.8) 3.9 (2.0-5.8) 
Normal 53.3 (50.2-56.4) 38.8 (34.8-42.8) 15.2 (11.3-19.1) 42.3 (37.5-47.1) 

Overweight 21.9 (19.4-24.5) 26.9 (23.2-30.5) 27.4 (22.5-32.2) 26.3 (22.0-30.6) 
Obese (MPO) 20.9 (18.4-23.4) 32.4 (28.5-36.3) 55.9 (50.6-61.3) 27.5 (23.2-31.9) 

Maternal height 64.5 (64.2-64.7) 63.9 (63.5-64.2) 65.7 (65.2-66.1) 62.1 (61.7-62.5) 
Gestational weight 
gain (lbs.) 33.5 (32.6-34.4) 35.8 (34.4-37.2) 39.2 (36.9-41.6) 32.6 (30.8-34.3) 
Age (y) 29.0 (28.2-29.0) 26.7 (26.2-27.1) 26.2 (26.6-26.8) 26.2 (25.7-26.7) 

<20 7.3 (5.7-8.9) 7.8 (5.6-10.1) 11.6 (8.1-15.0) 6.9 (4.4-9.3) 
20-34 74.1 (71.4-76.8) 80.6 (77.3-83.9) 77.8 (73.3-82.3) 86.0 (82.6-89.4) 
>=35 18.6 (16.2-21.0) 11.6 (8.9-14.2) 10.6 (7.3-14.0) 7.1 (4.6-9.6) 

Parity 1.0 (0.9-1.2) 1.6 (1.4-1.8) 1.7 (1.3-2.0) 1.4 (1.2-1.7) 
Nulli-parous 42.8 (39.8-45.8) 26.5 (23.0-30.3) 30.7 (25.9-35.9) 36.1 (31.6-41.0) 
Multi-parous 57.2 (54.2-60.2) 73.5 (69.7-77.0) 69.3 (64.1-74.1) 63.9 (59.1-68.4) 

Anemia 16.1 (13.9-18.5) 20.4 (17.2-23.9) 24.6 (20.3-29.6) 30.1 (25.8-34.8) 
Smoking 15.7 (13.6-18.1) 27.9 (24.3-31.8) 25.5 (21.1-30.5) 5.6 (3.8-8.4) 
Alcohol use 3.7 (2.7-5.1) 3.8 (2.5-5.7) 0.9 (0.3-2.8) 0.5 (0.1-2.0) 
Drug use 4.7 (3.6-6.2) 7.7 (5.7-10.2) 2.4 (1.2-4.8) 3.5 (2.1-5.8) 
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Infant birth weight by Maternal Race-ethnicity 

Table 3.3 observed race-ethnic differences in infant mean birth weights.  Infants 

born to Samoan women had the highest mean birth weight equal to 3504 g (95% CI:  

3448-3557). Infants born to White women had the second highest mean birth weight of 

3334 g (95% CI: 3303-3362) followed by Micronesian infants, 3237 g (95% CI: 3190-

3283) and Native Hawaiian infants, 3159 g (95% CI: 3112-3206). 

Prevalence of LBW and HBW 

Table 3.3 and Figure 3.2 show that Micronesian women had the highest 

prevalence of LBW infants, 4.9% (95% CI: 3.1-7.5) followed by Native Hawaiians, 2.7% 

(95% CI: 1.6-4.4), and White 2.3% (95% CI: 1.5-3.3). The lowest prevalence of LBW 

was in Samoans, 1.2% (95% CI: 0.4-2.4). In contrast, Samoan women had the highest 

prevalence of HBW, 17.9% (95% CI: 13.8-22.1) whereas Micronesian women had the 

lowest prevalence of HBW, 6.6% (95% CI: 4.2-9.1) compared to White, 9.2% (95% CI: 

7.5-11.0). As shown in Figure 3.2, the prevalence of LBW across the four race-ethnic 

Underweight Normal Obese
White 3.8 53.3 20.9
Native Hawaiian 2.0 38.8 32.4
Samoan 1.5 15.2 55.9
Micronesian 3.9 42.3 27.5
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Figure 3.1 Prevalence of Underweight, Normal weight, and Obesity 

among Maternal Women Who Recently Delivered a Live birth in 
Hawai‘i, RMATRIX 2006-2012
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groups were low with overlapping 95% CI suggesting no significant differences in LBW 

among the race-ethnic groups in the study. On the other hand, HBW among Samoans is 

significantly higher (nearly three times that of the Micronesians) and its 95% CI does not 

overlap with the other three overlapping HBW prevalence for White, Native Hawaiians 

and Micronesians. This is suggestive that infants born to Samoan women were 

significantly heavier than infants born to White, Native Hawaiian or Micronesian women. 

Table 3.3 Descriptive Summary statistics of infant characteristics by race-ethnicity, 
Hawai‘i RMATRIX 2006-2012  

 White (1,016) 
Native Hawaiian 

(N=562) 
Samoan 
(N=329) 

Micronesian 
(N=406) 

Infant 
Characteristics 
(N=1,172) 

Mean or % 
(95% CI) 

Mean or % 
(95% CI) 

Mean or % 
(95% CI) 

Mean or % 
(95% CI) 

Birth weight (g) 
3334  

(3303-3362) 
3286  

(3245-3326) 
3504  

(3448-3557) 
3237  

(3190-3283) 

LBW 2.3 (1.5-3.3) 2.7 (1.6-4.4) 1.2 (0.4-3.2) 4.9 (3.1-7.5) 

HBW 
9.2  

(7.5-11.0) 
8.7  

(6.4-11.1) 
17.9  

(13.8-22.1) 
6.6  

(4.2-9.1) 

Male 
49.0  

(45.9-52.0) 
47.9  

(43.7-52.0) 
47.4  

(42.1-52.8) 
48.6  

(43.8-53.5) 

Female 
51.0  

(48.0-54.1) 
52.1  

(48.0-56.3) 
52.6  

(47.2-57.9) 
51.4  

(46.5-56.2) 
Birth Length 
(cm) 

51.4  
(51.2-51.5) 

51.0  
(50.8-51.2) 

52.2  
(52.0-52.5) 

51.0  
(50.8-51.2) 

Gestational age 
(wks.) 

38.4  
(38.2-38.5) 

38.2  
(38.0-38.3) 

38.6  
(38.3-38.8) 

38.4  
(38.2-38.6) 
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Association between MPU and Race-ethnicity 

Table 3.4 shows no association between race-ethnicity and MPU among Native 

Hawaiian (NH), Samoan, or Micronesian compared to White adjusting for differences in 

select maternal factors i.e. age, height, parity, anemia, smoking, alcohol use, and drug 

use. 

Table 3.4 Estimated crude (cOR) and adjusted odds ratio (aOR) for the association 
between maternal prepregnancy underweight (MPU) and race-ethnicity adjusting for 
maternal factors age, parity, anemia, smoking status, alcohol use, and drug use, 
Hawai‘i RMATRIX, 2006-2012 (N =1,050). 

Maternal Prepregnancy 
Underweight (MPU) cOR   95% CI aOR  95% CI 

White Ref. Ref. Ref. Ref. Ref. Ref. 
Native Hawaiian 0.7 0.35 1.39 0.67 0.33 1.36 
Samoan 1.39 0.52 3.68 1.27 0.47 3.44 
Micronesian 1.29 0.70 2.37 1.3 0.67 2.5 
Odds ratios (aOR) were adjusted for maternal age, maternal height, parity, anemia, 
smoking, alcohol use, drug use and smoking status. 

 

 

LBW HBW
White 2.3 9.2
Samoan 2.7 8.7
Samoan 1.2 17.9
Micronesian 4.9 6.6
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Figure 3.2 Prevalence and 95% Confidence Interval (95% CI) of 
Low birth weight and High birth weight by race-ethnicity among 

women who delivered live births in Hawai‘i , 
RMATRIX 2006-2012
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Association between MPO and Race-ethnicity 

Table 3.5 shows that compared to White women, the odds of prepregnancy 

obesity (MPO) among Samoan women were 9.56 times higher, aOR=9.56 (95% CI: 6.61-

13.8), 1.97 times higher in Native Hawaiian, OR=1.97 (95% CI: 1.51-2.56), and 1.54 

times higher in Micronesian women, OR=1.54 (95% CI: 1.13-2.12). The OR was 

adjusted for potential confounding effects of covariates. Other factors positively 

associated with maternal prepregnancy obesity (MPO) were age <20 y and nulliparity, 

aOR=0.39 (95% CI: 0.24-0.64) and aOR=0.54 (95% CI: 0.43-0.68), respectively. 

Table 3.5 Estimated crude (cOR) and adjusted odds ratio (aOR) for the association 
between maternal race-ethnicity and prepregnancy obesity (MPO) adjusting for 
maternal factors age, parity, anemia, smoking status, alcohol use, and drug use, 
Hawai‘i RMATRIX, 2006-2012 (N =1,671). 
Maternal prepregnancy obesity 
(MPO) cOR 95% CI aOR 95% CI 

White Ref. Ref. Ref. Ref. Ref. Ref. 
Native Hawaiian 2.12 1.65 2.73 1.97 1.51 2.56 
Samoan 9.35 6.58 13.29 9.56 6.61 13.8 
Micronesian 1.64 1.23 2.18 1.54 1.13 2.12 
Maternal age (y)       

<20 0.38 0.24 0.58 0.39 0.24 0.64 
20-34 Ref. Ref. Ref. Ref. Ref. Ref. 
>=35 1.39 0.82 2.37 1.89 1.08 3.30 

Maternal height (cm) 1.01 1.00 1.03 1.00 0.98 1.01 
Parity       

Nulliparous 0.43 0.35 0.54 0.54 0.43 0.68 
Multiparous Ref. Ref. Ref. Ref. Ref. Ref. 

Anemia       
Yes 1.15 0.90 1.46 1.01 0.78 1.32 
No Ref. Ref. Ref. Ref. Ref. Ref. 

Smoking       
Yes 1.33 1.04 1.70 1.13 0.84 1.51 
No Ref. Ref. Ref. Ref. Ref. Ref. 

Alcohol use       
Yes 0.75 0.41 1.39 0.91 0.47 1.76 
No Ref. Ref. Ref. Ref. Ref. Ref. 

Drug use       
Yes 0.83 0.51 1.30 0.84 0.50 1.41 
No Ref. Ref. Ref. Ref. Ref. Ref. 
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Association between LBW and MPU 

Table 3.6 shows the estimated crude (cOR) and adjusted odds ratio (aOR) from 

univariate and multivariable logistic regression modeling to estimate the association 

between race-ethnicity and maternal prepregnancy underweight (MPU) adjusting for 

maternal factors age, parity, anemia, smoking status, alcohol use, and drug use. This 

study found no association detected between race-ethnicity and maternal prepregnancy 

underweight.  Despite the output from the logistic regression, interpretability of this result 

is questionable because it was based on cell size less than 5 (Long et al., 2001; Leech et 

al., 2011). 

Additionally, among the 70 women with MPU, only three women delivered LBW 

infants. Due to the small cell size, caution is exercised when interpreting the 

multivariable logistic regressions and the estimated association between race-ethnicity 

and LBW adjusted for covariates. 

Table 3.6 Crude (cOR) and Adjusted Odds Ratio (aOR) for the Association between Low birth 
weight (LBW) and Maternal Prepregnancy Underweight (MPU) Adjusting for Select Maternal 
and Infant Characteristics, Hawaii RMATRIX, 2006-2012 (N=1,619) 
Outcome: Low birth 
weight cOR P-value 95% CI aOR* P-value 95% CI 
Underweight  
(<18.5 kg/m2) 1.23 0.738 0.37    4.10 ------ ------ -------- 

-------
- 

Normal weight  
(18.5-24.9 kg/m2) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
Race-ethnicity         

White Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
Native Hawaiian 1.18 0.615 0.61 2.29 0.66 0.55 0.665 2.57 

Samoan 0.53 0.246 0.18 1.55 0.87 0.836 0.24 3.15 
Micronesian 2.24 0.010 1.21 4.12 2.14 0.032 1.07 4.29 

Parity         
Nulliparity  Ref Ref Ref Ref Ref Ref Ref Ref 
Multiparity 0.63 0.072 0.38 1.04 0.51 0.031 0.28 0.94 

Maternal height 
(cm.) 0.85 0.001 0.78 0.93 ------ ------ ------ ------ 
Gestational weight 
gain (kg) 0.97 0.001 0.96 0.98 0.98 0.003 0.96 0.99 
Birth length 0.48 0.001 0.42 0.56 0.55 0.001 0.28 0.94 
Gestational age 
(wks.) 0.39 0.001 0.30 0.51 0.54 0.001 0.40 0.72 
*aOR adjusted for maternal race-ethnicity, age, parity, maternal height, gwg, smoking, alcohol 
use, drug use, infant birth length, EGA, and sex. 

 53 



 

Association between HBW and MPO 

Table 3.7 shows the estimated crude (cOR) and adjusted odds ratio (aOR) from 

bivariate and multivariable logistic regression to estimate the association between high 

birth weight and maternal prepregnancy obesity by race-ethnicity adjusting for select 

maternal predictor and infant factors. The odds of high birth weight birth to women who 

were obese before pregnancy (MPO) were 1.78 times higher than the odds of high birth 

weight women with normal BMI. In addition, the odds of high birth weight birth among 

multiparous women and high birth length infants were both higher compared to 

nulliparous and shorter infants, aOR=1.14 (95% CI: 1.01-1.28) and aOR=2.18 (95% CI: 

1.96-2.43), correspondingly. In contrast, female sex was protective against high birth 

weight, aOR=0.67 (95% CI: 0.46-0.98). Odds ratios were adjusted for potential 

confounding effects of maternal parity, birth length and sex.  

 

Table 3.7 Estimated Crude (cOR) and Adjusted Odds Ratio (aOR) for the 
Association between High Birth Weight and Maternal Prepregnancy Obesity 
(MPO) by Race-ethnicity Adjusting for Select Maternal and Infant characteristics, 
Hawai‘i RMATRIX 2006-2012 (N=1619) 
Outcome:  High birth 
weight (HBW) cOR 

p-
value 95% CI aOR* 

p-
value 95% CI 

Maternal 
prepregnancy obesity 2.33 0.001 1.70 3.19 1.78 0.004 1.20 2.64 
White Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. 
Native Hawaiian 0.94 0.747 0.66 1.35 1.45 0.127 0.90 2.35 
Samoan 2.12 0.001 1.49 3.02 1.22 0.464 0.71 2.10 
Micronesian 0.72 0.145 0.46 1.12 1.01 0.965 0.56 1.83 
Parity 1.11 0.010 1.03 1.21 1.14 0.037 1.01 1.28 
Birth length (cm) 1.36 0.031 1.03 1.79 2.18 0.001 1.96 2.43 
Female Sex 2.10 0.001 1.92 2.29 0.67 0.040 0.46 0.98 
*aOR adjusted for maternal race-ethnicity, age, parity, maternal height, gwg, 
smoking, alcohol use, drug use, infant birth length, EGA, and sex. 

 

 In the sensitivity analyses, MPO was redefined for Samoan women (BMI>31.9 

kg/m2), and logistic regressions were repeated to estimate the association between MPO 

and race-ethnicity Samoan compared to White women. In addition, logistic regressions 

were repeated to estimate the association between HBW and MPO adjusting for race-
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ethnicity Samoan and White, and other covariates. Although the aORs for MPO and race-

ethnicity and for HBW and MPO were attenuated, aOR=1.25 (95% CI: 1.18-1.32) and 

aOR=1.87 (95% CI: 1.29-2.70) respectively. These aORs still maintained the unchanged 

direction and magnitude. 

DISCUSSION 

This study is the first to describe adverse maternal nutritional status and its effect 

on birth outcomes among USPIs in Hawai‘i disaggregated into the main groups: Native 

Hawaiians, Samoans, and Micronesians. Despite their similarities, there are important 

race-ethnic differences that could affect their health (Davis, Hammatt, Novotny, 

Harrigan, and Grandinetti 2004; Pobusky, et al., 2009; Moy et al., 2010; Swinburn et al., 

2013, Hawley et al., 2015). This study had several important related findings.   

Prevalence of MPU, MPO, and associated factors in USPI women vs. White women: 

First, we found that MPU was equally low in Native Hawaiians, Samoans, and 

Micronesians compared to White women. The low prevalence of MPU reported in this 

study is consistent with findings in previous studies on Samoans in American Samoa 

(Hawley et al., 2015) and in Hawai‘i (Crowell et al., 2010). Secondly, this study found an 

expected higher prevalence of MPO among the USPI women compared to White women. 

This is consistent with previous study findings by Zeng et al (2010) using Hawai‘i 

Pregnancy Risk Assessment Monitoring System (PRAMS) data for 2000-2008; however, 

the prevalence of MPO in Micronesians was not reported (Zeng et al 2010). Furthermore, 

this study found younger USPIs, age less than 20 y who were having their first babies had 

lower odds of prepregnancy obesity. Thus, further research to evaluate the effects of 

intervention programs targeting young, nulliparous mothers may contribute knowledge 

toward reducing poor prepregnancy nutritional status and related birth outcomes 

(Heslehurst et al., 2008; Endres et al., 2015).   

Prevalence of LBW, HBW, and associations with MPU and MPO: 

First, we found the prevalence of LBW was equally low in the USPIs and White 

women in Hawai‘i. Most women who delivered LBW (n=37) in this study were MPN 

(n=34) compared to MPU (n=3). There is a need for further research with a larger sample 

size and adequate power to examine the association between MPU and LBW among the 
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USPIs. Second, we found increased odds of delivering a HBW infant among mothers 

with MPO compared to women with MPN. These findings are consistent with a previous 

study on Samoans in American Samoa (Hawley et al., 2015).  Additionally, similar 

findings were reported in studies among Samoans, Native Hawaiians and Other Pacific 

Islanders in Hawai‘i (Baruffi et al., 2004; Crowell et al 2007; Crowell, Rudoy, et al., 

2010; Zeng et al., 2010). 

As posited, the life course model of chronic disease offers a theoretical 

explanation for the rising prevalence of obesity and chronic disease among the USPIs. In 

this study, we found a low but persisting prevalence of MPU. We also found a high 

prevalence of MPO among the USPIs in Hawai‘i. Accordingly, MPU exposure in early 

fetal life may initiate fetal programming of biological changes that maximizes efficient 

use of energy for survival at the cost of growth and development leading to a LBW (or 

small for gestational age, SGA) infant. In a mismatched environment such as an 

obesogenic extra uterine environment in developed countries (i.e. US and Hawai‘i), 

“catch-up” growth may increase the risks of obesity and chronic disease in childhood and 

later life (Negrato et al., 2013). Today, this mechanism is less prevalent among the USPIs 

evident in the findings of this study; nevertheless, MPU persists (WHO, 2003), 

contributing to the chronic disease epidemic (PIHOA, 2010). Further population-based 

studies are needed to explore the association between MPU and low birth weight among 

the USPIs with robust methods and larger sample size to contribute knowledge toward 

effective reduction of obesity and chronic disease (Han et al., 2011).   

Obesity, on the other hand, may have initially evolved to benefit survival and 

reproduction among USPIs ancestors. Today, obesity only has detrimental health effects 

on women’s health and the intergenerational risk of obesity and chronic disease in their 

offspring (Neel, 1962; WHO, 2003). During the past 60-70 years, rapid globalization has 

shifted lifestyles from traditional to modern lifestyles. As a result, overnutrition and 

inactivity cause poor nutritional status in women causing MPO. The LCMCD explains 

that MPO at conception precipitates fetal programming of the origins of obesity and 

chronic disease at birth (HBW) and across the life course. In the context of the chronic 

disease epidemic crisis among the USPIs prevention of MPU and MPO may contribute to 
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reduction of obesity and chronic disease among Native Hawaiian, Samoans, and 

Micronesians in Hawai‘i (Neel, 1962; Barker, 1995; Kuh et al., 2004, Hezel, 2008; 

PIHOA, 2010; Asian Americans Advancing Justice, 2014; Genné-Bacon, 2014).  

Limitations 

 There are several limitations of this study. First, the RMATRIX dataset is 

comprised of hospital-based patients’ data. A hospital-based sampling frame consisting 

of high-risk volunteer subjects is different from that of the general population and may 

cause selection bias (Rothman, 2012).  KWCMC is a teaching hospital and offers 

specialized intensive care services to pregnant women and their infants (KMCWC, 2014) 

who may be different from pregnant women who use other hospitals (i.e. Queens Medical 

Center or Kaiser Medical Center or other Private clinics). These RMATRIX women 

participants are a special population of pregnant or recently pregnant women who may 

not be representative of the general population; thus, limits the external validity or 

generalizability of the study results.  Furthermore, the exclusion of non-English speaking 

participants may affect the representativeness of the study population. According to the 

Hawai‘i State Department’s BRFSS report, higher proportions of overweight or obese 

respondents had lower educational level, Samoan or other Pacific Islanders, or low 

income (Nguyen and Salvail, 2010). Excluded non-English speaking women are more 

likely to share these characteristics. As a result, the final study sample may be less 

representative limiting the generalizability of the findings to the general population. 

 The second limitation is information bias from validity issues associated with 

secondary data sources. The RMATRIX dataset used had missing data for critical 

measures of race-ethnicity data, height, weight, infant birth weight, and birth length.  

Furthermore, a few weight and height values were biologically implausible values, which 

may have been related to data entry errors, a common hazard of using secondary data for 

research. In addition, with the outcomes predetermined by referring physicians, it is 

difficult to gauge the inaccuracy and misclassification biases inherent in the dataset. In 

particular, exclusion of missing critical values of height and weight in the small sample 

of Micronesians in this study may have contributed to the loss of power to detect 
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differences in MPU and LBW by maternal race-ethnicity and other predictor factors 

(Rothman, 2012).  

A third limitation of this study is self-reported data including height, weight, and 

race-ethnicity, smoking, alcohol use, and drug use.  Studies have shown that women 

refuse to report or underreport smoking, alcohol and drug use, underestimate their 

weights, exaggerate their heights, or misclassify their race-ethnicities leading to a no 

response bias or social desirability bias, recall bias and misclassification bias (Rothman, 

2012). As a result, differential or non-differential misclassification of exposures and/or 

outcomes may attenuate or overestimate the measure of effect between the exposure and 

outcome (Rothman, 2012). 

A fourth limitation of this study is the use of BMI as a measure of nutritional 

status. Although many have reported BMI as an adequate proxy measure of body fat 

percent and good risk marker of chronic diseases, it may be problematic in certain race-

ethnic groups (i.e. Samoans). In Samoans, the risk of chronic disease is associated with a 

higher BMI cut-off (32 kg/m2) compared to other race-ethnicities. In particular, BMI is 

less accurate for estimating percent body fatness in athletes or muscular people like in the 

Samoans (Swinburn et al 1999; Novotny et al 2007). Additionally, BMI underestimates 

the risk of disease in Asians found to have increased risk of chronic diseases at lower 

BMI cut-off points (Anuurad et al 2003) (Mei et al 2002; Abikusno et al 1996; Anuurad 

2003; Swinburn et al 1999).  

Strengths 

Despite the limitations of this study, it has several strengths. First, to date, this is 

the first study that estimated the association of the prevalence of MPU and MPO among 

USPI Native Hawaiians, Samoans, and Micronesians in Hawai‘i.  It is also the first study 

to estimate an association between MPU and LBW. It also estimated the association 

between MPO and HBW among Micronesians in Hawai‘i. The findings in this study are 

consistent with the findings in chapter 2 study 1 using Hawai‘i BRFSS data. Other 

studies were descriptive statistical studies of the health disparities found in NHOPI 

compared to Asian, White, and Other race (Zeng et al 2010, Moy et al 2012). Second, the 

RMATRIX database is unique; one of few databases with detailed country of origin self-
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reported race-ethnicity measures providing an opportunity for exploring race-ethnic 

health disparities in women’s health and its implications for intergenerational risks of 

obesity and chronic disease in childhood and later life among the USPI subpopulations in 

Hawai‘i.    

Conclusion 

 With the ongoing chronic disease epidemic in the USPIs in Hawai‘i and in the 

USAPI, there is an urgent need to seek the origins of chronic diseases and targeted 

effective interventions for obesity and chronic disease in children and adults (WHO, 

2014b; PIHOA, 2010).  

 Despite decades of prevention programs, the USPIs are fast becoming the world’s 

“fattest people” (Keating, 2011), with women outpacing men (WHO, 2014a). The 

adverse effects of the rising prevalence obesity in women is theoretically leading to the 

rising obesity and chronic disease in childhood and later life according to the LCMCD. 

To date, this is the first study to examine the association between poor prepregnancy 

nutritional status (MPU and MPO) and poor birth weights (LBW and HBW). In the 

LCMCD, LBW and HBW are early markers of fetal programming.  

The LCMCD offers that the nutritional status of WORA is a key link of intergenerational 

risk of obesity and chronic disease in childhood and later life. If the WORA has poor 

prepregnancy nutritional status (MPU or MPO), at conception, the odds of obesity and 

chronic disease are increased. Early fetal exposure to MPU or MPO precipitates fetal 

programming. In consequence, fetal development is altered, cardiovascular and metabolic 

setpoints are reset and predisposing the offspring to increased susceptibility for obesity 

and chronic disease across the life course originating in utero and across generations 

(Neel, 1962; Barker 1995, 2000, 2008; Hales and Barker, 2001; Barker et al., 2002; Kuh 

et al., 2004; Baker, 2012; Genne̔-Bacon, 2014). Birth weights are sensitive indicators of 

fetal health in utero. LBW and HBW are early markers of fetal exposure to MPU and 

MPO in utero (Yu et al., 2013). According to the LCMCD, theoretically the rapidly rising 

prevalence of obesity among the USPI may have fetal origins in response to the adverse 

effects of MPU and MPO causing LBW or HBW and associated obesity and chronic 

disease in childhood and later life.  MPU, MPO, LBW and HBW can independently 
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contribute to the rising prevalence of obesity and chronic disease in children and adults in 

the USPI population in Hawai‘i and in the USAPI.   

 This study found a high prevalence of MPO among the USPI in Hawai‘i. Hence, 

our findings suggest that effective reduction of obesity and chronic disease among the 

USPI requires interventions before pregnancy to avoid fetal programming of 

intergenerational risk of obesity and chronic disease in childhood and later life. 

 We found a high prevalence of maternal prepregnancy obesity among USPI 

Native Hawaiian, Samoans, and Micronesians compared to White women. This high 

prevalence of maternal prepregnancy obesity was strongly associated with increased odds 

of high birth weight adjusting for potential effects of confounding maternal and infant 

factors. Within the LCMCD theoretical framework, the high prevalence of MPO 

precipitates fetal programming of cardiovascular and metabolic abnormalities associated 

with increased odds of HBW and obesity in childhood and later life. Further research on 

the association between MPO and HBW predicting obesity in childhood and later life in 

the USPIs is needed. Future research using the LCMCD theoretical framework in a 

different USPI subpopulation and a less developed country setting can provide more 

information on the origins of the rising prevalence of chronic disease among the USPIs in 

Hawai‘i and the USAPIs.  
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CHAPTER 4.  STUDY 3: POOR PREPREGNANCY NUTRITIONAL STATUS 

AND CHILDHOOD OVERWEIGHT PLUS OBESITY IN PALAU: A PERL 

COHORT STUDY, 2003-2008 

 

ABSTRACT  

Introduction: The chronic disease epidemic and associated poor maternal prepregnancy 

nutritional status among the Palauans is a growing public health concern. Despite 

ongoing chronic disease prevention efforts, the burden of obesity in women and children 

continues to rise.  

 Studies in other countries and populations suggest that poor maternal 

prepregnancy nutritional status is associated with intergenerational risks of obesity and 

chronic diseases in childhood and later life. However, there is scarce research data 

describing the association between maternal prepregnancy nutritional status and 

childhood obesity among Palauans in Palau. Thus, there is a need for research to improve 

understanding of the adverse effects that poor maternal nutritional status exert on their 

offspring as a key link to intergenerational risks of obesity and chronic disease in 

childhood and later life among Palauans.  

 The purpose of this study is to explore the association between maternal 

prepregnancy underweight and obesity and childhood overweight plus obesity. The 

objectives are to: (1) estimate the prevalence of poor maternal prepregnancy nutritional 

status (underweight and obesity) among Palauan women who delivered live births in 

Palau between 2003 and 2008, (2) estimate the prevalence of low birth weight and high 

birth weight in the Palau birth cohort between 2003 and 2008, (3) estimate the association 

between maternal prepregnancy underweight and low birth weight, (4) estimate the 

association between maternal prepregnancy obesity and high birth weight, (5) estimate 

the incidence of childhood overweight plus obesity in the birth cohort at age 4-6 y, (6) 

estimate the association between childhood overweight plus obesity and maternal 

prepregnancy underweight adjusting for the moderating effects of low birth weight and 

early rebound adiposity, and (7) estimate the association between childhood overweight 
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plus obesity and maternal prepregnancy obesity adjusting for the moderating effects of 

high birth weight and early rebound adiposity. 

Methods: A population-based exploratory, retrospective longitudinal cohort study was 

conducted using Palau Ministry of Health birth-linked prenatal and well-child clinic data 

on Palauan women and their offspring born live, singleton, and term in Palau between 

2003 and 2008. Prevalence estimates, confidence intervals, measures of association 

(crude and adjusted odds ratios and risk ratios) and p-values were generated using 

STATA IC/13.1 for Windows, StataCorp LP and IBM SPSS Statistics 20.0. 

Results: The prevalence of maternal prepregnancy underweight was very low, 3.1% 

(95% CI: 2.3-4.4) and obesity was high, 26.1% (95% CI: 23.6-28.8). The prevalence of 

low birth weight was 3.3% (95% CI: 2.5-4.7). The prevalence of high birth weight rate 

7.7% (95% CI: 6.3-9.3). In underweight Palauan women, the odds of delivering a low 

birth weight infant were 1.76 times higher than that of normal weight mothers, aOR=1.72 

(95% CI: 0.40-7.3) but not statistically significant, p-value=0.460. Among obese Palauan 

women, the odds of delivering a high birth weight infant were 3.6 times higher than that 

of normal weight women. Among children age 4-6 y, the risk of overweight plus obesity 

was 2.57 times higher among those born to mothers with prepregnancy obesity compared 

the risk in children age 4-6 y born to mothers with normal prepregnancy BMI, 

(aOR=2.57, 95% CI: 1.38-4.79).  

Public Health Implications: In the developing, resource-limited US Pacific Island of 

Palau, effective prevention of intergenerational risks of obesity and chronic diseases 

should begin with prevention of poor maternal prepregnancy nutritional status before 

pregnancy and early fetal life.  

Keywords: Palau exploratory retrospective longitudinal cohort study; maternal nutritional 

status; maternal prepregnancy underweight; maternal prepregnancy obesity;, low birth 

weight; high birth weight; childhood overweight plus obesity 
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INTRODUCTION 

Palau is currently in a state of chronic disease epidemic (PIHOA, 2010; Palau 

Declaration a State of Emergency NCD Epidemic Crisis, 2011). The rapidly rising 

prevalence of obesity among Palauan women and children is a growing public health 

concern. Palau has the 5th highest prevalence of obesity worldwide (WHO, 2014b). One 

out of every two Palauan women (56.8%) is obese (WHO, 2014b; Durand, 2013, Dever, 

2013). In addition, there are reports of a high prevalence of obesity among Palauan 

children, 28%-35% (Novotny et al., 2014; Palau Ministry of Health, 2013) compared to 

the US, 26.7% (Novotny et al., 2015).  

The rising prevalence of obesity among Palauan women has potential adverse 

effects as key link of intergenerational risks of obesity and chronic diseases in childhood 

and later life based on the life course model of chronic disease (Neel, 1962; Barker et al., 

1995, 2000, 2004, 2005; Kuh et al., 2004; Gluckman et al., 2007; Gennѐ-Bacon, 2014). 

 There is scarce research literature on the association between prepregnancy 

underweight and obesity on intergenerational risk of obesity and chronic disease in 

children. However, there is a large body of research literature in animal models and 

humans supporting the association between poor maternal prepregnancy nutritional status 

(i.e. underweight and obesity) and the intergenerational risk of obesity and chronic 

disease in childhood and later life in other countries and populations (Neel, 1962; Barker, 

1977; Parsons et al., 1999; Yajnik, 2003; Barker et al., 2005; Painter et al., 2006; Lumey 

et al., 2007; Goodell et al., 2009; Tavares et al., 2010; Monasta et al., 2010; Roseboom et 

al., 2011; McNamara et al., 2012; Poston, 2012; Rhee et al., 2012; Li et al., 2013; Chiba 

et al., 2013; Symonds et al., 2013; Yu et al., 2013; Sridhar et al., 2014). 

Despite the current knowledge related to the fetal origins of obesity and chronic 

disease from other countries and populations, obesity and chronic disease continue rising 

in Palauan women and children (Palau Ministry of Health, 2013). Thus, there is a huge 

need for research in this area. Research will improve understanding and guide prevention 

programs for effective elimination of the adverse health effects of poor maternal 

nutritional status as a key link of intergenerational risks for obesity and chronic disease in 

childhood and later life in US Pacific Islanders Palauan. The purpose of this study is to 
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explore the association between maternal prepregnancy underweight and obesity and 

childhood overweight plus obesity using the life course model of chronic disease as the 

framework of the study. The objectives of this research are to (1) estimate the prevalence 

of maternal prepregnancy underweight and obesity among Palauan women who delivered 

a live birth in Palau between 2003 and 2008, (2) estimate the prevalence of low and high 

birth weight in the Palauan birth cohort born in Palau between 2003 and 2008, (3) 

estimate the association between maternal prepregnancy underweight and low birth 

weight (4) estimate the association between maternal prepregnancy obesity and high birth 

weight, (5) determine the probability of obesity in this cohort at ages 4-6 y in relation to 

the presence or absence of underweight in the mother prior to pregnancy and the presence 

or absence of low birth weight and early adiposity rebound at age 18-24 months (6) 

determine the probability of obesity in this cohort at ages 4-6 y in relation to the presence 

or absence of obesity in the mother prior to pregnancy and the presence or absence of 

high birth weight and early adiposity rebound at age 18-24 months. The probability that 

an offspring would become an obese child depends on the presence of maternal 

prepregnancy obesity and subsequent obesity in the child across the life course.   

METHODS 

Study Design 

This study was an exploratory, retrospective, longitudinal (PERL) cohort study of 

live births to Palauan women in Palau between January 01, 2003 and December 31, 2008. 

Program and administrative data were collected from Palau Ministry of Health Maternal 

and Child Health program including prenatal, birth, well-child clinic and maternal health 

records and were analyzed. 

Setting 

 Palau is one of the six US-Affiliated Pacific Islands (USAPIs) located in the 

Oceania ~7,600 miles southwest from Hawai‘i (www.distancefromto.net/distance-from/ 

Hawai‘i /to/Palau), ~3,200 miles south from Japan (www.distancefromto.net/distance-

from/Japan/to/Palau), and ~3,600 miles north of Australia 

(www.distancefromto.net/distance-from/Australia/to/Palau). Of the ~21,000 inhabitants, 

about 80% are native Palauan people recognized by the United States as Pacific Islanders 
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from the US Freely Associated States of the Pacific Islands through the Compact of Free 

Association Palau (COFA-Palau) (US Central Intelligence Agency (CIA) The 

WORLDFACT BOOK, 2014).  

 Palau is a country of limited resources and classified as a low to middle income 

(LMIC) country. Palau’s GDP per capita income is ~$10,500.  Household incomes of 

roughly 50% of its population below 100% federal poverty level (CIA, 2014; WHO, 

2015). 

 Palau has one main hospital (Belau National Hospital) located in the population 

center, Koror.  In addition, it has one central community health center (Palau Community 

Health Center) located in the population center about 30 minutes away from Belau 

National Hospital and several satellite sites located on several of the many outlying small 

islands. The Palau Community Health Center provides all prenatal and well-child clinics 

whereas the Belau National Hospital provides labor, delivery and neonatal services. The 

average birth rate for Palau is roughly 250 births per year. Nearly all deliveries take place 

in the Belau National Hospital (Palau Ministry of Health, 2013). 

Study Population 

The PERL cohort study population comprised of a live birth cohort born to 

Palauan women in Palau between January 01, 2003 and December 31, 2008 in the Palau 

Ministry of Health Maternal and Child Health Birth Registry with a locatable health 

record. The three eligibility criteria for the birth cohort were: live birth, defined as birth 

with a hospital number (5-digit number between 75000 and 92372) and a birth weight; 

term birth, defined as estimated gestational age (EGA) between 37–42 weeks; and 

singleton (one live birth number).  In addition, the birth cohort had biologically plausible 

value for height, weight, and body mass index (BMI) at age 4-6 y follow-up well-child 

clinic examination.  

From the list of eligible births, maternal and infants’ hospital numbers were used 

to locate and review maternal and child health records. Of the l,604 total live births, 

1,323 maternal health records were reviewed mothers (82.5%) and 1,072 had valid BMI 

values (66.8%).   
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Of the 1,604 live births, the births that met eligibility criteria (singleton and term) 

were 1,172 (73.1%). Of the 1,172, 441 (27.5%) had valid BMI at follow-up exams at age 

4-6 y. 

The selected restriction criteria of race-ethnicity Palauan, singleton, term live 

births were intended to limit potential influences of prematurity or post-maturity, multiple 

births, race-ethnicity, and missing values.  

Data Source(s)/Measures 

Data sources for the PERL cohort study were the Palau Ministry of Health’s 

Maternal and Child Health (MCH) Program and the Medical Records Department.  

 Following Palau Institutional Review Board (IRB) approval, (MCH) Program 

staff (M. Sugiyama) provided the researchers a Microsoft Office EXCEL file with data 

from Palau’s Problem Oriented Perinatal Risk Assessment System (POPRAS) linked to 

birth records between 2003 and 2008.  

POPRAS is a birth-linked surveillance system used by the Palau MCH program to 

monitor women at high risk for poor pregnancy and infants at high risk for poor birth 

outcomes. This file, now called the PERL cohort study database (data form) included the 

following birth-linked data. For the live birth, the following were included: infant’s 

unique hospital number (5-digit hospital number between 75000 and 92372), birth date 

(between January 01, 2003-December 31, 2008), birth weight (in pounds and ounces), 

estimated gestational age (in weeks), type of birth (singleton or more than 1), and sex.   

In addition to the infant’s data, the following maternal data were included: date of 

delivery, maternal age (in years), race-ethnicity, maternal prepregnancy weight (in 

pounds and ounces), height (in feet and inches), hemoglobin (in g/dl), weight at delivery 

and tobacco use (chewing or smoking).   

 Using the child’s unique hospital number and date of birth, two trained data 

abstractors from the Palau Ministry of Health Community Health Center (Palau MOH 

CHC) reviewed health records for the following data:  birth length, child weight and 

height at 18-24 months, age 4 y, age 5-6 y, and any missing data in the original EXCEL 

file.  
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Similarly, maternal unique hospital number and date of delivery were used to 

identify maternal medical records for review to collect the following data:  

intrapregnancy alcohol use, gestational diabetes mellitus, and missing critical data (i.e. 

maternal prepregnancy weight and height) from the original EXCEL file.  

Variable and covariate determination were guided by literature review a priori 

(Lops et al., 1995; Barker, 1995; Ong, 2000, 2004, 2010; Kuh, 2004; Yajnik, 2004; 

Barker et al., 2005; Barker, 1992, 2008; Getahun et al., 2007; Gluckman et al., 2007; 

Moos et al., 2008; Heslehurst et al., 2008; Ferreira et al., 2009; Goodell et al., 2009; 

Monasta et al., 2010; Chiba, 2013; Hunt et al., 2013; Li et al., 2013a, 2013b; Novotny et 

al., 2013; Gaudet et al., 2014).  

Main Outcome/Dependent Variables 

 Based on the LCMCD, there are two main outcomes of this study. First outcome 

was birth weight. Birthweight was in the original Microsoft EXCEL file from the MCH 

program. During chart review, we validated birth weight. Birthweight was trichotomized 

as low birthweight (LBW, <2500 g), normal birthweight (2500-4000 g) (reference 

category) and high birth weight (HBW, > 4000 g).  

The other main outcome variable of this study was childhood BMI-z score at age 

4-6 y age- and sex-adjusted based on WHO childhood growth charts (WHO, 2015). To 

limit prematurely labeling a child as obese, WHO and CDC recommend aggregating 

overweight and obese children into one category: overweight plus obesity (WHO, 2015; 

Flegal et al., 2011, 2012; CDC 2012, 2014).   

 To estimate the BMI-z score for childhood age 4-6 y, we used the WHO Anthro II 

software. From each child’s well-child clinic health records, the following data were 

abstracted:  date of exam, weight and height at age 4, 5 or 6 y. Using the WHO Anthro II 

software, the following variables were generated: age in months and biologically 

plausible standard deviation scores (z-scores) for weight, height, and BMI. These were 

age- and sex-adjusted for each child age 4-6 y (48.0 months to <72 months). Using WHO 

growth chart reference, childhood age- and sex-specific BMI-z scores or standard 

deviation (SD) score were dichotomized into childhood overweight plus obese BMI (CO, 
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>+1SD) and childhood normal BM-z score  (>-2SD - ≤+1SD). Childhood normal BMI z-

score was the reference category. (CDC 2012, 2014; WHO, 2015).  

 Childhood BMI-z score ≤-2SD is defined as childhood underweight. In this study, 

BMI ≤-2SD were excluded from analysis. In addition, the selection of the age intervals 

for follow-up of anthropometric measures followed the routine well-baby/well-child and 

immunization schedule as recommended by the Centers for Disease Control and 

Prevention (CDC, 2014).  

Main predictor (exposure) variable(s) 

 For the first main outcome variable, birthweight, the exposure variables of interest 

based on the LCMCD was maternal prepregnancy BMI as a measure of maternal 

prepregnancy nutritional status (MPPNS).  

 Maternal prepregnancy BMI was based on self-reported prepregnancy weight and 

height (calculated using weight in kilogram/height in meters squared) categorized using 

WHO-defined BMI categories: underweight (<18.5 kg/m2), obese (>29.9 kg/m2), and 

normal (18.5-24.9 kg/m2). The BMI category overweight (25-29.9 kg/m2) was defined 

but excluded from final regression analyses. 

  For the second main outcome variable, childhood overweight plus obesity (CO), 

the exposure variable(s) are maternal prepregnancy BMI as a measure of maternal 

prepregnancy nutritional status (MPPNS) and birthweight. Birthweight is a sensitive 

marker of early fetal exposures to the adverse intrauterine conditions (i.e. poor maternal 

prepregnancy nutritional status—MPU and MPO). As suggested by the LCMCD, the 

cardiovascular and metabolic changes that were precipitated in response to MPU and 

MPO can be manifested after birth across the life course (Kuh et al., 2004). Therefore, for 

the second outcome, CO, maternal prepregnancy nutritional status and birthweight were 

examined as independent predictors of CO. 

Covariates—potential confounders or effect modifier covariates  

 Other potential confounders and effect modifiers that were included in the study 

and analysis were maternal characteristics including maternal age at first prenatal visit 

(<20, 20-34, or ≥35 y); self-reported  
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maternal height (cm); parity (nulliparous—no previous live births or multiparous—at 

least one previous live birth); self-reported tobacco use during pregnancy; anemia 

(presence of hemoglobin level: <10.5 g/dl or absence or hemoglobin ≥10.5 g/dl); and 

gestational weight gain (kg calculated from measured maternal weight at delivery minus 

self-reported prepregnancy weight). 

 In addition, for live birth, weight (lbs. and oz.) and height (ft. and in.) were 

collected for the age intervals 18–24 months, age 4, and 5, and 6 y. If multiple weights 

and lengths/heights were recorded for the age period 18–24 months, both weight and 

height reported closest to 24 months were collected. Similarly, if multiple weights and 

heights were recorded for the child at age 4, 5, and 6, both the weight and height for the 

age closest to age 5 y were collected.  

 A second chart review and data collection were undertaken to collect the date of 

exam at age 18-24 months and 4-6 y. However, date of exam were only available for 

children ages 4-6 y.  

 To estimate the age in months for the 18-24 months, the average age in months 

(calculated as 18 + 24 months/2 = 21 months), 21 months, was added to the date of birth 

plus 7 days. According to Dr. C. Decherong, Palau Community Health Center Clinical 

Director, appointments are usually made within 7 days of the birthday (Decherong, 

November 2014, pers. comm.). Based on this, we added 7 days in estimating the date of 

exam at 18-24 months to calculate age in months. 

Our selection of the age intervals for anthropometric measures followed the 

routine well-baby/well-child and immunization schedule as recommended by the Centers 

for Disease Control and Prevention (CDC, 2014). To limit prematurely labeling a child as 

obese, WHO and CDC recommend aggregating overweight and obese children into one 

category: overweight plus obesity (CDC 2012, 2014; Flegal et al., 2011; WHO, 2015).   

  Further infant covariates were birth length (cm); estimated gestational age (EGA) 

measured in weeks (term birth was birth between 37 and 42 weeks of gestation (37.0-

42.0); infant’s sex (M for male, F for female); birth number (1 for singleton, 2 for twins 

or more). Intrapregnancy alcohol use and gestational diabetes mellitus data were either 
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missing or unavailable for the PERL cohort study. All abstracted data were entered into 

the EXCEL data form.  

Analysis 

 Analyses were conducted for each study objectives in several steps: 

Step 1: Descriptive statistical analyses were conducted initially to examine data validity, 

outliers, missing values, frequencies, means, standard deviations, proportions, and 95% 

confidence intervals of the means and proportions for maternal, birth, and childhood data 

generating a subsample for each analysis step.  

Step 2: To describe maternal prepregnancy nutritional status and estimate the prevalence 

of maternal underweight and obesity using WHO-defined BMI categories, all Palauan  

women who delivered a live birth infant in Palau from 2003-2008 (N=1,323) with non-

missing, biologically plausible BMI values were used (N=1,072) were analyzed. 

Descriptive statistical analyses were conducted to estimate the prevalence percent and 

95% confidence interval for MPU and MPO. In addition, the prevalence percent and 95% 

confidence interval for MPN weight were generated as the reference category. 

Step 3: To estimate the prevalence of low birth weight and high birth weight, analyses 

included data for live, singleton, term births to Palauan women in Palau between 2003-

2008 who met inclusion criteria and had non-missing, biologically plausible birth weight 

values (N=1,172).  

  

 Descriptive statistical analyses were conducted to estimate the prevalence percent 

and 95% confidence interval for LBW and HBW. In addition, the prevalence percent and 

95% confidence interval for the NBW were generated as the reference category. 

Step 4: To describe childhood nutritional status and estimate the prevalence of CO at age 

4-6 y, analyses included data for live, singleton, term births who met live birth inclusion 

criteria and non-missing, biologically plausible BMI-z scores (SD or BAZ-scores) at age 

Palauan Live Births, N=1,323-Singleton, N=1,308--Term N=1,172    
                               (Excluded, N=15, 1.1%)         (Excluded, N=136, 10.3%) 

Live Births, N=1,628--Palauan Mothers, N=1,323--Valid BMI, N=1,072    
                               (Excluded, N=305, 18.7%)         (Excluded, N=251, 15.4%) 
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4-6 y.  Child overweight plus obese was defined as age- and sex-specific BAZ-scores > 

+1 SD for the birth cohort at age 4-6 y.  

  

 Descriptive statistical analyses were conducted to estimate the prevalence percent 

and 95% confidence interval for CO at age 4-6 y. In addition, the prevalence percent and 

95% confidence interval for the prevalence for childhood normal weight (CN) at age 4-6 

y (age and sex specific BAZ-scores between -2 SD and ≤+1 SD) were generated as the 

reference category. We further generated childhood underweight (CU) at age 4-6 y 

defined as age and sex-specific BAZ-scores < -2 SD. 

Step 5: As suggested by the life course model of chronic disease (LCMCD), MPU may 

be associated with LBW. To estimate the association (odds ratio) between MPU and 

LBW, several logistic regression analyses steps were undertaken.  

 First, a univariate logistic regression analysis was conducted to estimate the 

association (cOR) between the LBW and the main predictor variable, MPU. In addition, 

purposeful selection method of covariates with univariate analyses were performed to 

identify significant and confounding covariates as candidate for the multivariable logistic 

regression. According to Bursac et al., (2008), any covariate significant at a cut-off 

p≤0.20 in the univariate test are selected as confounding candidate for the multivariable 

logistic regression. 

 Second, in the multivariable logistic regression, significance is set at p≤0.1 and 

confounding as a change in any remaining parameter estimate (regression coefficient, β) 

greater than 20% as compared to the full model. Bursac et al., (2009) explains that a 

>20% change in a parameter estimate indicates that the excluded variable is important 

and provides a needed adjustment for one or more of the variables remaining in the 

model.  

 Third, any variable not selected for the logistic model in the third step is added 

back one at a time. This step was used to identify variables that although not significantly 

related to the outcome, may have important effects on the other covariates. If any are 

Palauan live, singleton, term births, N=1,172------------- valid BAZ-scores, N=441 
     (Excluded, N= 731, 62.3%)   
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significant at p≤0.1, they are retained in the model (Bursac et al., 2008; Hosmer et al., 

2008; Jewell, 2004). The next step was testing for effect modifications with interaction 

terms between MPU and any significant covariates in the model. Significant interaction 

terms were assessed at the same significance level of p≤0.1, and were added to the final 

main effect model.  

 Fourth, repeated all the steps in Step 5 to estimate the association between MPO 

and HBW.  

For rare events, estimated odds ratio closely approximates risk ratios; however, in 

this study, we generated risk ratios using a more robust log-binomial regression models to 

estimate the association between MPU and LBW as well as MPO and HBW (Rothman, 

2012). 

 For child overweight plus obesity (CO), the cohort study design and the high 

prevalence necessitated the use of risk ratio (RR) to estimate the association between the 

predictors: MPU, MPO, LBW, HBW, and their interaction terms and the outcome, CO 

(risk ratio) as proposed by the LCMCD. To generate the RR, the same analyses steps 1-5 

above were repeated switching from logistic to log-binomial regression analysis. 

  Prevalence and incidence estimates, confidence intervals, means, standard 

deviations, odds ratios, risk ratios, and p-values were generated using Stata/IC 13.1 

version 12.2 for Windows (StataCorp LP) and IBM SPSS Windows version 20. BMI-z 

scores and incidence of CO were generated using WHO Anthro II software for Windows. 

RESULTS 

Prevalence of MPU, MPO, LBW, HBW and CO  

Maternal Data 

 Of the 1,323 Palauan women who delivered live births in Palau in the PERL 

cohort study dataset, 1,072 had valid BMI values. These data were used to estimate the 

mean maternal prepregnancy BMI, 26.6 kg/m2 (95% CI: 26.3-27.0) and the prevalence of 

MPU, 3.2% (95% CI: 2.2-4.4) and MPO, 26.1% (95% CI: 23.6-28.8) summarized in 

Table 4.1 and Fig. 4.1. Other relevant maternal characteristics are summarized in Table 

4.1. 
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Table 4.1 Descriptive Summary of Palauan Mothers (n=1,323) who delivered live 
infants in the PERL cohort study, 2003-2008. 

Maternal Characteristics N 
Mean 
(%) 

Std. deviation; 
(95% CI) 

Maternal BMI (kg/m2)  1072  26.7 
 

(26.3 – 27.0) 
Prepregnancy underweight (BMI<18.5) 34  (3.2) (2.2 – 4.4) 

Prepregnancy normal weight (BMI 18.5 - 
24.9) 470  (43.8) 

 
(40.9 – 46.8) 

Prepregnancy overweight (BMI 25 - 29.9) 288  (26.9) (24.3 – 29.6) 
Prepregnancy obese weight (BMI>= 30) 280 (26.1) (23.6 – 28.8) 

Gestational weight gain (lbs.) 1097 27.8 ±17.5 
Maternal height (cm.) 1079 158.0 ±5.6 
Maternal Age (y)  1323 28.9 ±7.0 

<20 106 (8.0) (6.5 -9.6) 
20-34 846 (64.0) (61.6 – 67.1) 
>=35 371 (27.6) (25.1 -30.3) 

Parity  1140 1.6 ±1.5 
Nulli-parous, 0 355 (31.6) (29.0 – 34.5) 

Multi-parous, >=1 785 (68.9) (65.5 – 71.2) 
Anemia: Hemoglobin <10.5 g/dl  68 (8.2) (6.5 -10.4) 
Tobacco use--smoke and/or chew tobacco 
products 814 (91.7 ) 

 
(89.6 – 93.4) 

 

 Of the 1,172 term, singleton, live births in the PERL cohort study, the mean birth 

weight was 3287 g (95% CI: 3259-3314 g). The prevalence of LBW was 3.3% (95% CI: 

2.4-4.5) and HBW was 7.6% (95% CI: 6.3-9.3) summarized in Table 4.2 and Fig 4.1. 

Table 4.2 Descriptive Summary of term, singleton live births who delivered live birth 
cohort in the PERL Study birth cohort, 2003-2008. 
Birth Data (Term, singleton, Palauan, 
N=1,172) N 

Mean 
(%) 

Std. deviation; 
(95% CI) 

EGA (wks.)  1172 38.9 1.1 
Birth weight (g) 1172 3287 (3259 - 3314) 

Low birth weight 39 (3.3) (2.4 – 4.5) 
Normal weight 1043 89.0 (87.1 – 90.7) 

High birth weight 90 (7.6) (6.3 – 9.3) 
Birth length (cm) 854 49.2 3.6 
Male 554 (47.3) -------- 
Female 618 (52.7) -------- 
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Of the total 387 children ages 18-24 months in the PERL cohort study with valid 

BMI, the mean BMI was 16.8±1.9. The incidence of obesity at 18-24 months was 14.5% 

(95% CI: 11.4-18.3) shown in Table 4.3 and Fig 4.1. 

Table 4.3 Descriptive Summary of children ages 18-24 months (n=387) in the PERL 
cohort study, 2003-2008. 
Late Infancy and Early Childhood 
(N=387) N 

Mean 
(%) 

Std. deviation; 
(95% CI) 

18-24 months BMI kg/m2 387 16.8 1.9 
18-24 months weight gain (kg, >=95 

centiles) 58 (14.5) 
 

(11.4-18.3) 
 

Of the total 486 children ages 4–6 y in the PERL cohort study with valid BMI, the 

mean BMI was 16.1±2.4. The incidence of CO was 25.4% (95% CI: 21.5-29.7) and did 

not vary differentially by sex shown in Table 4.4 and Fig 4.1 

Table 4.4 Descriptive Summary of children age 4-6 y (N=441) in the PERL cohort 
study, 2003-2008. 

Childhood age 4-6 y N 
Mean 
(%) 

Std. deviation; 
(95% CI) 

Childhood data--age 4-6 y (N=441) 441   

4-6 years BMI (n=441) 441 15.9 
2.4 

(15.7-16.1)  
Underweight (% < -2SD) 15 (3.4) (2.1-5.6) 

Overweight/obese (>=85th percentile 
or % >+1SD)  112 (25.4) 

 
(21.5-29.7) 

Male: 238 (26.5) (21.2-32.5) 
Female: 203 (24.1) (18.7-30.6) 
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Associations between maternal MPU and MPO, LBW and HBW, and CO 

 To estimate the association between MPU and LBW adjusting for maternal and 

infant covariates, univariate and multivariable log binomial regression analyses were 

conducted. Table 4.5 shows the final model. MPU was dropped from analysis in both log 

binomial and poisson binomial (Zou et al., 2004) because none of the women with MPU 

delivered a LBW. However, we found a statistically significant protective effect of 

maternal height and birth length from LBW births, aRR=0.83 (0.70-0.97) and aRR=067 

(0.51-0.87), respectively. 

 

 

 

 

 

MPU MPO LBW HBW EAR CO
% 3.2 26.1 3.3 7.6 14.5 25.4
LCU 2.2 23.6 2.4 6.3 11.4 21.5
UCI 4.4 28.8 4.5 9.3 18.3 29.7
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Fig. 4.1 Prevalence and 95% Confidence interval (95% CI) of maternal 
prepregnancy underweight (MPU), obesity (MPO), low birth weight  (LBW) , high 
birth weight (HBW), BMI >95th at 18-24 months (EAR) and Incidence with 95% 

Confidence interval (95% CI) of c
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Table 4.5 Crude (cRR) and adjusted risk ratios (aRR) with 95% confidence intervals 
between maternal prepregnancy underweight and low birth weight, PERL cohort study,  
2003-2008 (N=1,172) 

Outcome: LBW cRR 95% CI aRR 
 

95% CI 
Maternal nutritional status: 

Prepregnancy underweight: 
BMI< 18.5 kg/ m2 

Prepregnancy normal: 
BMI (18.5-24.9 kg/m2) 

   

1 (omitted) 

Ref. Ref. Ref. Ref. Ref. Ref. 

Birth length (cm) 0.89 0.84 0.94 0.67 0.51 0.87 
Maternal height (cm)  0.99 0.98 1.00 0.83 0.70 0.97 

 

To estimate the association between MPO and HBW, adjusting for maternal and 

infant covariates, univariate and multivariable log binomial regression analyses were 

conducted. Table 4.6 shows that the risk of HBW is 4.36 times higher in women with 

MPO compared to the risk of HBW in MPN women, aRR=4.36 (95% CI: 2.09-9.40). In 

addition, gestational weight gain was associated with a 2% increase in the risk of high 

birth weight birth, aRR=1.02 (95% CI: 1.00-1.03). In addition, birth length was 

associated with increased risk of HBW. For each centimeter increase in birth length, there 

is a 34% in the risk of HBW birth among MPO women compared to MPN women, 

aRR=1.34 (95% CI: 1.17-1.53). This RR was adjusted for the confounding effects of 

maternal age, parity, maternal height, maternal anemia and tobacco use, and infant sex.   
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Table 4.6 Estimated adjusted odds ratio (aRR) with 95% confidence intervals for the 
association between maternal prepregnancy obesity and high birth weight (>4000 g),  
PERL cohort study, 2003-2008 (N=1,172) 

  High Birth Weight, >4000 g vs. Normal Birth Weight, 
2500-4000 g 

Maternal and Infant 
Characteristics 

Normal 
Birth 

Weight, 
2500-4000 g 

High Birth 
Weight, 
>4000 g 

aRR (95% CI) 

Prepregnancy obese 
weight, MPO  
(BMI>= 30 kg/m2) 

217 (86.8) 33 (13.2) 4.36 2.09 9.40 

Maternal height (cm.) 865 (92.1) 74 (7.9) 1.00 0.85 1.17 
Gestational weight gain 
(lbs.) 877 (91.9) 77 (8.1) 1.02 1.00 1.03 

Nulliparous, 0 live 
births 613 (90.3) 66 (9.7) 0.78 0.21 2.88 

Multiparous, >=1 live 
births 292 (96.7) 10 (3.3) Ref. Ref. Ref. 

Term EGA (wks.)  1043 (92.1) 90 (7.9) 1.54 1.10 2.15 
Birth length (cm.)  759 (92.1) 65 (7.9) 1.34 1.17 1.53 

 

 At this point, the LCMCD framework transitions to expression of the 

cardiovascular and metabolic changes manifested after birth because of fetal 

programming. Theoretically, these are markers of the intergenerational risk of obesity 

and chronic disease in childhood and later life. To test this, we examined the association 

between LBW and CO adjusting for the moderating effects of MPU and EAR, adjusting 

for other maternal and infant covariates using univariate and multivariable log binomial 

regression analysis. Table 4.7 shows that LBW was not associated with an increased risk 

of CO in the offspring at childhood 4-6 y. However, rapid growth at 18-24 months was 

associated with a 13% increased risk for overweight plus obesity at 4-6 y, aRR=1.13 

(1.09-1.16).  Furthermore, “tallness” at 18-24 months reduced the risk for obesity at age 

4-6 y by 14%, aRR=0.86 (95% CI: 0.77-0.96).  
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Table 4.7 Crude (cRR) and adjusted risk ratios (aRR) with 95% confidence intervals 
between low birth weight and childhood overweight plus obesity at age 4-6 y, PERL 
cohort study, 2003-2008. 

Outcome: Childhood overweight 
plus obesity cRR 95% CI aRR 

 
95% CI 

Low birth weight (LBW): <2500 g 

   

0.32 0.04 2.11 0.40 0.06 2.66 

Normal birth weight:  2500-4000 g Ref. Ref. Ref. Ref. Ref. Ref. 
Birth length (cm) 1.06 0.99 1.13 1.08 1.01 1.16 

18-24 months weight (kg) 1.12 1.09 1.16 1.13 1.09 1.16 

18-24 months weight (cm) 1.07 0.94 1.23 0.86 0.77 0.96 
Tobacco use 1.10 0.59 2.05 1.13 0.54 2.35 

1) Tobacco use was a confounding variable for birth length. 
2) Three interactions terms with MPU, LBW, and 18-24 months weight (kg) did not 

have significant (at p<0.10 level) effect modifications on the outcome CO.   
3) Other maternal characteristics including age, parity anemia, maternal height, 

gestational weight gain (lbs.), infant sex, and estimated gestational age were adjusted 
for in the full model. 

 

 In addition, we estimated the association between HBW and CO adjusting for the 

moderating effects of MPO and adjusting for maternal and infant covariates using 

univariate and multivariable log binomial regression analyses. 

 Table 4.8 shows that HBW infants increased the risk of CO at age 4-6 y. 

However, this was not statistically significant, aRR=1.27 (95% CI: 0.8-2.02). But rapid 

growth at 18-24 months was associated with a 16% increased risk of overweight plus 

obesity at 4-6 y, aRR=1.16 (1.11-1.20). 

Furthermore, “tallness” at 18-24 months reduced the risk for obesity at age 4-6 y by 16%, 

aRR=0.84 (95% CI: 0.76-0.94). 
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Table 4.8 Crude (cRR) and adjusted risk ratios (aRR) with 95% confidence intervals 
between high birth weight and childhood overweight plus obesity at age 4-6 y, PERL 
cohort study, 2003-2008. 

Outcome: Childhood overweight 
plus obesity (CO) cRR 95% CI aRR 

 
95% CI 

High birth weight (HBW): <2500 g 

   

1.35 0.84 2.16 1.27 0.80 2.02 

Normal birth weight:  2500-4000 g Ref. Ref. Ref. Ref. Ref. Ref. 
Prepregnancy obese weight, MPO 

(BMI>= 30) 1.94 1.32 2.84 1.58 1.04 2.40 

Birth length (cm) 1.06 0.99 1.13 1.07 0.99 1.16 

18-24 months weight (kg) 1.12 1.09 1.15 1.16 1.11 1.20 

18-24 months height (cm) 1.07 0.94 1.23 0.84 0.76 0.94 

Tobacco use 1.10 0.59 2.05 1.04 0.52 2.11 
1) Tobacco use was a confounding variable for birth length. 
2) Three interactions terms with MPO, HBW, and 18-24 months weight (kg) did not 

have significant (at p<0.10 level) effect modifications on the outcome CO.   
3) Other maternal characteristics including age, parity anemia, maternal height, 

gestational weight gain (lbs.), infant sex, and estimated gestational age were 
adjusted for in the full model. 

 

In sensitivity analyses, 4-6 y old childhood records were organized into two 

groups: a group with BMI (N=752) and a group without BMI (N=420). Descriptive 

analyses were conducted to estimate the mean and confidence intervals for maternal 

BMI, maternal height (cm), parity, EGA, birthweight, and birth length were available 

summarized in Table 4.9 below.   
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Table 4.9 Sensitivity Analyses to determine if children at age 4-6 y with BMI are not 
significantly different from those without BMI by comparing their mean and the 95% CI 
of the mean, PERL Cohort Study, 2003-2008. 

Maternal and Infant 
Characteristics 

Child age 
4-6 y 

With BMI 
(N=765) 

Child age 
4-6 y 

Without BMI 
(N=407) 

Mean 95% CI Mean 95% CI 

Prepregnancy body mass 
index (BMI) 26.6 26.2 – 27.1 26.7 26.0 – 27.4 

Maternal height (cm) 158.3 157.9 – 158.8 157.6 156.6 – 158.7 
Parity (# of live births) 1.6 1.4 – 1.7 1.77 1.5 – 2.0 

EGA (wks.) 38.9 38.8 – 39.0 38.9 38.7 – 39.1 
Birth weight (kg) 7.3 7.2 – 7.3 7.13 6.9 – 7.3 
Birth length (cm) 49.3 49.1 – 49.6 48.7 47.8 – 49.6 

 

DISCUSSION 

To our knowledge, this is the first exploratory study to describe the prevalence of 

poor maternal nutritional status (underweight and obesity) and associations with birth 

weights (LBW and HBW) and childhood overweight plus obesity (CO) in Palau. The 

importance of this study is clear in the context of the recent declaration of chronic disease 

epidemic in Palau and in the US Pacific Islands. With the rapidly rising prevalence of 

chronic disease in children, women and adults, there is an urgent need to describe the 

burden, identify modifiable and preventable risk factors of chronic disease to guide 

public health intervention efforts. 

In this study, we sought to estimate the prevalence of MPU, MPO, LBW, HBW 

and CO. Then using the proposed LCMCD theoretical framework, we examined the 

following: 

(1) adverse effects of MPU on LBW and CO as follows: we first tested the hypothesized 

association (“link”) between MPU and CO independent of the moderating effects of 

LBW and/or early childhood size (18-24 months BMI). We further tested the association 

(“link”) between MPU and CO in the presence of the mediating effects of LBW and/or 

early childhood size (18-24 months BMI);  

(2) adverse effects of MPO on HBW and CO as follows:  
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we tested the hypothesized association (“link”) between MPO and CO independent of the 

mediating effects of HBW and/or early childhood size (18-24 months BMI). We further 

tested the association (“link”) between MPO and CO in the presence of the mediating 

effects of HBW and/or early childhood size (18-24 months BMI).  

Consistent with other studies findings, we found a low and persistent presence of 

MPU in our study population (Dalenius et al., 2012). We found no association (“link”) 

between MPU and LBW or CO. Anemia was the only covariate that was associated with 

MPU. It is reasonable to suggest that the low prevalence of MPU and LBW affect our 

study’s power to detect a difference and reject the notion of no association. Further 

studies with adequate robustness and power is needed to elucidate the association of 

MPU and LBW to the rising prevalence of obesity and chronic disease among the USPIs 

and Palauans 

In addition, it is biologically plausible for MPU to be associated with anemia. It is 

well established that underweight adults are frequently malnourished and likely to have 

iron-deficiency anemia, the most common cause of anemia (Lops et al., 1995).  

On the other hand, the prevalence of MPO among Palauan women was high 

particularly in older women age >=35 y. This finding is also consistent with previously 

reported high prevalence of obesity in USPI women in Hawai‘i, Palau, and American 

Samoa, and the other USAPIs (Pobocik et al., 2000; Zeng et al., Hawley et al., 2015).  

Few related studies on women’s nutritional status in Palau are noted. Various 

authors have conducted nutritional assessments and anthropometric measurements of 

women in Palau in the past decades (Hankin et al., 1972; Pobocik et al., 2000; Cash et al., 

2013). Our estimated prevalence of MPO is consistent with reported prevalence of 

obesity among Palauan women in Palau before 1990 and after 2006. The mean BMI was 

26.7±5.9. This is consistent with findings of cross-sectional studies in 1968 and 1970 of 

3 subsamples of adult women (>20 y) in three sites in Palau selected for the differences in 

dietary practices—more westernized diet in Koror (mean BMI=26.4), least Westernized 

diet in Ngerchelong (mean BMI= 27.0), and in-transition diet in Peliliu (mean BMI=27.2) 

(Hankin et al., 1972). In 1994, Pobocik et al conducted a follow-up nutritional and 

anthropometric survey study in Palau. The authors recruited subsamples of women ages 
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18-24.9 y from prenatal clinics (N=27) but only 12 had BMI measurements) and children 

participants (N=31) ages 19 – 74 months attending the Well-Baby/Well Child at the 

Palau Community Health Center in Koror. The reported mean maternal prepregnancy 

BMI for this sample was 23.7±4.5 (95% CI: 21.2-26.2). The authors noted this mean was 

not statistically different from NHANES I and II estimated mean BMI = 22.9±4.6, 

p=0.548. In addition, two out of the 12 (16.7%) pregnant women had MPO.  

A third study by Cash in 2013 (unpublished; abstract only) reported a 30% 

prevalence of MPO in women who delivered a cohort of live births in Palau between 

2008 and 2013 (Cash, 2013, unpublished).  

 Our study reports a mean BMI equal to 26.7±5.9 (95% CI: 26.3– 27.0) and a 

prevalence of MPO equal to 26.1% (95% CI: 23.3– 28.8) for a cohort of  

Palauan women who delivered term, singleton live-born infants in Palau between 2003 

and 2008.    

 We compare the mean prepregnancy BMI in our study with the mean BMI 

published by Hankin et al (1972). There was an was observed increase in mean BMI of 

about 3% or increase by 12.6% among Palauan women of reproductive age every 10 

years. Additionally, comparing our 26.1% prevalence of MPO (95% CI: 23.3 – 28.8) in 

women who delivered live births in Palau between 2003-2008 to Cash’s reported 

MPO=30% for women who delivered live births in Palau between 2007-2013, there is an 

increase of nearly 4% (or increase by 14.9%) within a 10-year period as well. However, 

there are important differences among these three studies limiting their comparability. 

For example, the sample size in Hankin’s study, N=12, lack adequate power to estimate 

parameters representative of the target population. In addition, since Cash et al reported a 

single prevalence of MPO without standard deviation or 95% confidence interval, 

significance testing for temporal trend is not available. These inconsistencies in reports 

make it hard to rely on prior research in the USPI populations.    

According to the LCMCD, the rising prevalence of obesity (MPO) in women 

prior to pregnancy is a key link to intergenerational risk of obesity in children and later 

life. This study demonstrated a strong, positive association between MPO and CO 

independently of either HBW and EAR (early adiposity rebound, 18-24 months BMI). 
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Furthermore, this study found a strong positive association between EAR and CO at age 

4-6 y. This demonstrates the link between MPO as a key link of intergenerational risk of 

obesity in childhood with implications for chronic disease in later life. Thus, not only is 

high MPO associated with adverse health conditions in women, it increases the risk of 

chronic disease in the offspring. As a result, both poor maternal nutritional status and 

childhood obesity are potential contributing drivers to the current chronic disease 

epidemic among USPIs in Hawai‘i and in Palau.   

Limitations 

This study has several limitations. First, we used secondary data from preexisting 

records, which has inherent issues such as data entry errors, biologically implausible 

values, missing data, and loss to follow-up (attrition loss). These may all lead to 

information bias. We did several validation procedures to reduce these potential sources 

of potential bias. First, in order to obtain the data needed for the study, we had to get data 

from three data sources--birth-linked POPRAS, child and mother’s health records. Within 

each source, certain data variables were common and used to validate critical variable 

values: infant’s hospital number, date of birth or delivery, birth weight, birth type, infant 

sex, EGA, and maternal age. Second, we had three abstractors for data collection. To 

reduce data entry or missing values error, the investigator conducted ongoing basic 

descriptive analyses and requested repeat review of health records to ascertain the critical 

data validity.  Records with missing values for critical variables such as maternal and 

infant weight, height/length, EGA, singleton, and race-ethnicity were excluded from final 

inferential analyses. Third, we utilized WHO Anthro II software to calculate age-and sex 

adjusted standardized measures and WHO-defined BMI categories to define childhood 

overweight plus obesity. This approach identified and excluded biologically implausible 

anthropometric values. Fourth, we used CDC’s PNSS guidelines to exclude biologically 

implausible values for MPPNS. 

In relation to the first limitation of the study, exclusion of missing, data entry 

errors, or biologically implausible may contribute to selection bias. In addition, the 

restriction criteria may have caused selection bias as well. 
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A second limitation of the study is information bias from poor data quality. A 

common cause of poor data quality is inaccurate measurement of the birth length, birth 

weight, and height and weight at various points across the life course. Inaccuracies in 

measurements may be due to less-skilled techniques or inadequate tools, or both. The 

result is a non-differential misclassification bias, which shifts the estimate of association 

towards the null. However, in this study, we found a strong association between MPO 

and HBW. In addition, we found a slightly attenuated but still strong association between 

MPO and CO despite the non-differential misclassification bias. 

A third limitation is the reduced generalizability of this study. With the restriction 

criteria, the first result of restriction is reduced sample size. Reduced sample size can 

cause inadequate power of the study to reject the null hypothesis.  Furthermore, it may 

reduce representativeness and generalizability of the research findings to other 

populations. Despite the reduced sub-sample sizes, our study detected a four-fold 

increase in the risk associated with HBW infants and two-fold increase in the risk 

associated with CO among mothers who had prepregnancy obesity (MPO).  

A fourth limitation is the high attrition rate (72%) at age 4–6 y. There were many 

children without data between 4-6 y well-child clinic visits or missing health records 

decreasing the final sample size. The effects of small sample size observed were wider 

95% CI for the aOR between MPO and HBW as well as the aRR for MPO and CO 

suggesting less accurate effect estimates of the association although the study met the 

multivariable model criteria of 10 participants per 1 explanatory variable (Rothman 

2012). In addition, exclusion of children from analysis due to loss to follow-up as 

discussed above is a selection bias. Studies have found mothers who adhere poorly to 

regular well-baby/well-child health check-ups are generally different from adherent 

mothers. These mothers are less health conscious, believed their children were in poor 

health and susceptible to illness, and were more likely to use acute health care services 

instead of preventive health services. Other differences between non-adherent and 

adherent mothers to regular health care were their age, level of education, income levels, 

and health status.  
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A fifth limitation is a non-differential misclassification bias from inaccurate self-

reporting of weights and heights in women. Many studies have shown women 

underestimate their weights and overestimate their heights (, a form of recall bias causing 

non-differential misclassification bias (Rothman, 2012). The effect of the non-differential 

misclassification should bias the measure of association toward the null; however, in this 

study, the strength of association between prepregnancy obesity and high birthweight as 

well as childhood overweight plus obesity remained strongly positive (Rothman, 2012).  

 Lastly, the use of BMI has its limitations. BMI does not directly measure body fat 

percent. BMI does not differentiate between body fat and lean body mass in individual 

age 10 y and older (i.e. athletes). However, BMI generally correlates highly with body fat 

percent when present and with the risk of chronic disease.  Despite its limitations, BMI is 

a non-invasive, inexpensive, quick, and easy to use tool often used in screening and 

research practices as proxy measure of body fatness (Swinburn et al., 1999; Anuurad et 

al., 2003; Must et al., 2006; CDC 2009a). 

Strengths 

Despite the limitations of this study, it has several strengths. To our knowledge, 

this is the first population-based study that examined the associations between the 

maternal nutritional status and LBW, HBW, and CO among USPIs in Hawai‘i and in the 

USAPI. Few studies described earlier in this paper have examined the prevalence of 

childhood overweight/obesity alone or in association with maternal nutritional status 

among USPIs in Hawai‘i and in the USAPI using different age groupings, anthropometric 

measures or definitions of overweight and obesity (Novotny et al., 2015; Hawley et al, 

2015). The most recent study by Hawley and colleagues described the association 

between early pregnancy weight and childhood overweight and obesity at 12 months 

among children born to Samoan women in American Samoa between 2001 and 2008 

(Hawley et al., 2015). Other studies reported prevalence of childhood overweight and/or 

obesity by race-ethnicity at 2-5 y (Baruffi et al., 2004), 2-5 y (Novotny et al., 2015), or 6 

– 8 y (Novotny et al., 2014) among USPIs in Hawai‘i and in the USAPI. Because a 

normal growth trajectory follows a certain predictable pattern after age 1 y, 18-24 

months, and after 5-7 y, there is a need to standardize age groupings to adjust for normal 
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growth spurts in childhood and for comparability of research findings across disciplines 

(Flegal et al., 2011). Second, the PERL cohort study imposed certain inclusion criteria in 

order to minimize the effects of differences in race-ethnicity, socioeconomic status, 

cultural and access to health care services. As a result, this study provided a unique 

opportunity to use the LMCD to explore the adverse effects of the rising epidemic of 

obesity among women and the associated implications as a key link to intergenerational 

risks for obesity and chronic disease in childhood and later life among the USPI Palauans 

in Palau.    

Conclusion 

This study found that compared to MPN, MPO was a strong independent 

predictor of high birth weight and childhood overweight plus obesity at age 4-6 y 

adjusting for differences in maternal and infant covariates.  

In the context of history and evolutionary perspective, we offer that in the past, 

Palauans had limited access to food similar to other countries during the hunters and 

gatherers periods. They engaged in regular vigorous physical activities to hunt and gather 

food in an environment with limited supplies. With frequent and prolonged food 

shortages (famines) undernutrition was common although individuals with excess fat 

were more likely to survive prolonged famines (Rieber 2009, Hezel 2003 & 2009). Thus, 

this scenario suggest higher numbers of MPU although the few MPO women with excess 

adipose tissues were more likely to survive and reproduce. Still, frequent famines caused 

undernourishment (MPU) among the WORA. Therefore, historically, Palauan women of 

reproductive age (WORA) included women with excess adipose tissues and underweight 

women.   

According to the MPU arm of LCMCD, at conception, early fetal exposure to 

underweight precipitate fetal developmental programming favoring efficient energy 

utilization and storage at the expense of organ growth observed in LBW including small 

for gestational age, SGA (Barker, 2008). With increased globalization and modernization 

over the past 60-70 years, famines and food shortages are rare (Hezel, 2003).  

In contrast, food abundance and related obesogenicity, particularly processed 

food, are the norm. In this obesogenic environment, populations susceptible to obesity 
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and chronic diseases will suffer chronic disease epidemics like the ongoing chronic 

disease epidemic among the USPIs in Hawai‘i and in the USAPI.  

In comparison, according to the MPO arm of LCMCD, at conception, early fetal 

exposure to obesity initiates fetal developmental programming for efficient energy 

utilization and storage beneficial during prolonged famines. However, in an obesogenic 

environment, it leads to high birth weight, childhood overweight plus obesity, 

prepregnancy obesity and the cycle is repeated driving the chronic disease epidemic 

(Neel, 1962; Hezel, 2003; Kuh et al., 2004; Gluckman et al., 2007; Gennè-Bacon, 2014).   

Our study findings strongly support the position that prepregnancy obesity in 

WORA is a key link of intergenerational susceptibility to obesity and chronic disease in 

childhood and later life. However, we need further research to support our findings. With 

the low prevalence of MPU, LBW, and HBW, this study failed to detect associations 

between MPU, LBW, and HBW and childhood overweight plus obesity with implications 

for later life chronic disease as proposed by the LCMCD. We believe that future studies 

with larger sample sizes will have adequate power to better elucidate the associations 

between MPU, LBW, and HBW and childhood overweight plus obesity. In addition, 

further research are needed in the other USAPIs to ascertain the generalizability of our 

study findings and the “fit” of LCMCD as the theoretical framework for investigating 

poor maternal prepregnancy nutritional status as the fetal origins of obesity and chronic 

disease in the USAPI populations.  

As proposed by the LCMCD, maternal prepregnancy underweight and obesity are 

key links to intergenerational risk of obesity and chronic disease in childhood and later 

life. Prevention programs should integrate tailored interventions for prepregnancy obesity 

among Palauan women of reproductive age to reduce the potential risk of programming 

intergenerational risks of obesity and chronic disease in childhood and later life 

ultimately reducing the burden chronic disease epidemic among the USPIs in Hawaii and 

in the USAPIs. 
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CHAPTER 5. CONCLUSION 

The chronic disease epidemic among the USPIs is a serious public health problem 

in Hawai‘i and in the USAPIs. The rapidly rising prevalence of obesity and chronic 

disease in women over the past 60-70 years and its adverse effects on their health and the 

health of their offspring may be a key link of intergenerational risks to obesity and 

chronic diseases contributing to the chronic disease epidemic in this population (Hezel, 

2003).  

Despite a large body of literature on fetal origins of obesity and chronic disease 

based on the LCMCD in other countries and populations (Neel, 1962; Barker, 1995, 

2008; Hales et al., 2001; Eriksson et al., 2001; Kramer et al., 2002; Lu et al., 2003; 

Monteiro., 2003; Kuh et al., 2004; Yajnik, 2004; Baird, 2005; Gluckman et al., 2007; 

Shankar et al., 2007; Monasta, 2010; Poston, 2010; Rhee et al., 2012; Rolfe Ede, 2010; 

Cisneiros, 2013; Taveras et al., 2010; Barker et al 2012; Kim et al., 2012; Hunt et al., 

2013; Veenendaal et al., 2013; Bammann et al., 2014; Hawley et al., 2015), there is a 

huge gap of knowledge on the burden of obesity and chronic disease in the USPIs in 

Hawai‘i and in the USAPIs. Given the recent Pacific regional declaration of a “state of 

emergency chronic disease epidemic crisis” in the USPI populations (PIHOA, 2010), 

there is a remarkable need for research for better understanding of the origins and 

intergenerational risks of obesity and chronic disease in childhood and later life in this 

population. As a result, tailored prevention programs are developed to effectively reduce 

the burden of obesity and chronic disease among the USPIs in Hawai‘i and in the USAPI.   

 Thus, the purpose of this dissertation was to conduct research related to fetal 

origins of chronic disease among the USPIs in Hawai‘i and in the USAPI. Using the 

LCMCD as the theoretical framework of this research, we sought to examine poor 

maternal nutritional status (MPU and MPO) as a key link of intergenerational risk for 

obesity and chronic disease in childhood among the US Pacific Islanders. The LCMCD 

proposes that poor maternal nutritional status (MPU and MPO) are adverse exposure 

factors that precipitate the fetal programming of the origins of intergenerational risks of 

obesity and chronic disease. Early markers of fetal programming can include low birth 

weights, high birth weights, and early childhood overweight plus obesity (Figure 1.2).  
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 In this dissertation paper, three studies were conducted (Figure 1.3). Study 1 

sought to describe potential source of adverse exposure factors to early fetal life, the poor 

prepregnancy nutritional status (MPU and MPO) in women among the USPIs in Hawaii. 

Second, study 2 sought to predict the outcomes of the adverse effects of poor nutritional 

status (MPU and MPO) at birth measured as LBW and HBW in USPI women in Hawaii. 

Third, study 3 sought to describe the burden of poor nutritional status and its adverse 

effects on the offspring health in a subgroup of the USPI women, Palauan women in 

Palau. Study 3 sought to describe the adverse effects of poor nutritional status on the 

intergenerational risks of obesity and chronic diseases by estimating its association with 

poor birth outcomes (LBW and HBW) and childhood overweight plus obesity at age 4-6 

y in Palau. 

 Study 1 was a secondary analysis of population-based data from the Hawaii 

BRFSS. The findings showed that USPI (NHOPI) women have the highest mean BMI, 

30.1 ± 7.47 kg/m2 compared to White women (mean BMI=25.2 ± 5.67 kg/m2) and Asian 

women (mean BMI=24.6 ± 5.04 kg/m2),  F (2, 5117)=336.34; p<0.001; adjusted 

r2=0.116). Correspondingly, USPI women reported a high prevalence of MPO, 43.3% 

(95% CI: 40.3-46.2). This prevalence is more than twice the rate of MPO for White 

women, 17.0% (95% CI: 15.3-18.6) and 3 times the prevalence for Asian women, 14.0 

(95% CI: 12.5-15.5) (χ2=494.7; p<0.001). The race-ethnic differences in the prevalence 

of obesity between NHOPI and White women were associated with older age (age 30 y 

or older), less than college graduate, annual income less than $50,000, unmarried, 

physically inactive, heavy alcohol users and smoking. Thus, study 1 described the burden 

of the high prevalence of MPO and associated risk factors in USPI women and the 

potential adverse effects to the fetus during pregnancy and across the life course (Figure 

1.2 and Figure 1.3) 

 Study 2 expanded on study 1 and examined the adverse effects of maternal 

underweight and obesity associated with birth outcomes, LBW and HBW (as proxy 

measures of intrauterine fetal growth conditions) among USPI women of Samoan and 

Micronesian heritage. In order conduct this level of detailed race-ethnicity study, we 

conducted a secondary data analysis using a hospital-based RMATRIX database. Few 
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data sources offer detailed race-ethnic information on small subpopulations such as 

Samoan and Micronesians in Hawai‘i. The RMATRIX database offers researchers a 

unique opportunity to study health issues in different race-ethnicities in Hawai‘i.  

 Study 2 described the distribution of MPU, MPO, LBW, and HBW among the 

USPI Native Hawaiians, Samoans, and Micronesians women and offspring compared to 

White women and their offspring (Figure 1.2, Figure 1.3, and Figure 3.1). Furthermore, it 

estimated the association between MPU and LBW and MPO and HBW as proposed by 

the LCMCD framework.  

 Study 2 found a high prevalence of MPO among the USPIs in Hawai‘i. Samoan 

women bear the heavier burden compared to White and other USPIs including Native 

Hawaiians and Micronesians.  

 In contrast, this study found the prevalence of MPU was equally low among the 

USPIs and White women but persisted consistent with study 1 findings. With MPU’s 

persisting presence, it may still be contributing its effects on the rising prevalence of 

obesity and chronic disease; however, our study did not have adequate power to detect its 

adverse effects on LBW.  

 Furthermore, study 2 found a strong association between MPO and HBW. Based 

on the LCMCD, birth weight is an indicator early fetal life health. Normal birth weights 

suggest adequate to ideal intrauterine conditions whereas LBW and HBW are markers of 

adverse early life conditions that precipitate fetal programming resetting critical 

cardiovascular and metabolic setpoints predisposing the fetus to spare somatic growth 

leading to LBW or increase somatic growth leading to HBW (Barker, 2008; Kuh et al., 

2004). LBW and HBW are early markers of the fetal origins of chronic disease and 

markers of early extra-uterine intergenerational risks of obesity and chronic diseases in 

later life (Barker, 2008; Kuh et al., 2004). 

 Like the prevalence of MPU, the prevalence of LBW was very low among the 

USPIs and White women. As a result, study 2 may have had inadequate power, using the 

“thrifty” phenotype hypothesis arm of the LCMCD, to ascertain absence or presence of 

an association between MPU inducing fetal programming of biological changes that 

manifests as LBW. Further studies are needed to determine if MPU induces fetal 

 90 



programming of biological changes that cause HBW with a larger cohort either by 

increasing the sample size or aggregating cohort data over a longer study period among 

the USPI.     

 In contrast, HBW was the highest in Samoan infants, 17.9% (95% CI: 13.8 – 

22.1). The odds of the birth outcome, HBW, were 1.78 times higher in infants born to 

women with prepregnancy obesity, aOR=1.78 (95% CI: 1.20 – 2.64) compared to infants 

born to women with normal BMI after adjusting for maternal factors: race-ethnicity, age, 

parity, anemia, smoking, alcohol use, drug use, infant sex, and infant birth length.  As a 

result, the findings of study 2 are consistent with the “thrifty” genotype hypothesis arm of 

the LCMCD, suggesting that the presence of MPO is positively associated with the birth 

outcome, HBW with implications for intergenerational risks of obesity and chronic 

diseases in childhood and later life.  

 Multi-parity and increasing birth lengths were positively associated with 

increased odds of HBW births (aOR=1.14, 95% CI=1.01-1.28) and (aOR=2.18, 95% 

CI=1.96-2.45), respectively.  

 Birth length is an important indicator of chronic nutritional status. Stunting is 

suggestive of chronic or long-term generational effect of malnutrition, whereas birth 

weight is a suggestive indicator of short-term intergenerational malnutrition (WHO, 

2015). Although many studies in populations like the USPIs have found a higher 

prevalence of stunting associated with maternal undernutrition (Ferreira et al., 2009), our 

study findings did not detect this effect.  In contrast, we report the opposite effects—taller 

infants have twice the odds of being associated with HBW. Other significant maternal 

and infant factors to consider particularly for informing effective family planning and 

prenatal care interventions and policies to reduce the incidence of MPO and HBW among 

the USPIs.   

 Thus, we described the high prevalence of MPO among USPI women in Hawai‘i 

consistently in a population-based study 1 as well as hospital-based study 2. Study 2 

extended on this and showed the consequence of MPO in pregnancy. This was the 

positive association between MPO and HBW as suggested by the LCMCD.  
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 Study 3 extended on both study 1 and study 2 but restricted the study population 

to a more culturally and socioeconomically homogenous population, Palauan women and 

their birth cohort born in Palau. Like study 1 and 2, study 3 described the burden of poor 

prepregnancy nutritional status (MPU and MPO) on USPI Palauan women in Palau and 

associations of its adverse effects on the offspring’s intergenerational risks of obesity in 

childhood and later life (Figure 1.2, Figure 1.3 and Figure 4.1).  

 To our knowledge, study 3 is the first study of its kind in Palau and anywhere else 

in the USAPIs. It was an exploratory retrospective, longitudinal cohort study using 

population-based secondary prenatal, birth, and well-child clinic data from the Palau 

Ministry of Health.  

 Study 3 estimated the association between poor maternal prepregnancy nutritional 

status (MPU and MPO) and their adverse effects on intergenerational risk of obesity and 

chronic disease at birth (LBW or HBW) and in early childhood (CO) in the presence or 

absence of environmental cues as postulated by the third arm of the LCMCD (Figure 1.2 

and Figure 1.3).  

 In study 3, we made certain modifications for various reasons.  

First, to adjust for differences associated with race-ethnicity and socioeconomic factors, 

study 3 restricted inclusion of eligible participants to one race-ethnicity, Palauan women 

domiciled in the developing country setting of Palau. In Palau, approximately 80% of the 

inhabitants are Palauan with a GDP per capita of ~$10,500 (CIA, 2014) and nearly half 

of the population are below 100% poverty (Palau Census, 2005).  In addition, like study 

2, eligible birth cohort members were restricted to term, singleton live births to adjust for 

potential effects of prematurity and multiple births on the birth weight (Negratto et al., 

2013).   

Second, according to the LCMCD, certain cues can unmask the cardiovascular and 

metabolic set points predisposing susceptible people to obesity and chronic disease in 

later life (Neel, 1962; Barker, 2002, 2008; Shankar et al., 2007; Crowell et al., 2010; 

Ong, 2010; Rolfe Ede et al., 2010; Negratto et al., 2013; Roseboom, 2011; Bammann et 

al., 2014).  Therefore, in study 3, we included childhood weight and height at age 18-24 

months to adjust for the effect modifications of early adiposity rebound as suggested by 

 92 



review of literature and the LCMCD theoretical framework (Ong, 2000; Monteiro et al., 

2003; Kuh et al., 2004; Ong et al., 2004; Monasta et al., 2010) 

 Like study 1 and 2, study 3 found that MPU and LBW were rare health events 

among the USPIs in Hawai‘i and in Palau. Therefore, study 3 had inadequate power to 

apply the “thrifty” phenotype hypothesis arm of the LCMCD in ascertaining the absence 

or presence of an association between MPU inducing fetal programming of biological 

changes that causes LBW. Further studies are needed to determine if MPU induces fetal 

programming of biological changes that causes LBW with a larger cohort either by 

increasing the sample size or aggregating cohort data over a longer study period among 

the USPI Palauans in Palau (Figure 1.2).     

 However, similar to study 1 and 2, study 3 provided evidence to support the 

presence of high prepregnancy obesity among Palauan women. Study 3 showed a 

positive association between the adverse effects of MPO on HBW as suggested by the 

LCMCD (Figure 1.2). Study 3 extended on study 2 a step further and showed evidence of 

a positive association between MPO beyond birth across the life course in childhood 

overweight plus obesity. Thus, study 3 provided evidence that the “thrifty” genotype 

hypothesis and the life course arm of the LCMCD may explain the rising prevalence of 

obesity in women and its adverse effects as a key link of intergenerational risks of obesity 

and chronic diseases in childhood and across the life course. In addition, study 3 provided 

internal validations for the findings in study 1 and 2. Furthermore, study 3 provides a 

platform for further research in Palau and in the other USAPIs to ascertain the external 

generalizability of this research study findings. In addition, to determine if the LCMCD 

theoretical framework a useful guide for exploring the origins of the chronic disease 

epidemic to inform public health policies and prevention programs for the USPIs in 

Hawai‘i and in the USAPIs 

 In conclusion, this dissertation research is the first study using the LCMCD as a 

framework for investigating the association between the adverse effects of PMPNS on 

birth weight and obesity in childhood among the USPI in Hawai‘i and in Palau. Many 

animal and human studies in different countries and populations support these findings 

(Neel, 1962; Barker, 2002, 2008; Shankar et al., 2007; Crowell et al., 2010; Ong, 2010; 
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Rolfe Ede et al., 2010; Negratto et al., 2013; Roseboom, 2011; Bammann et al., 2014).  

These findings are strongly suggestive that that PMPNS may be a key link of 

intergenerational risks of obesity and chronic disease in USPI Native Hawaiian, Samoan, 

and Micronesian women, children, and adults driving the obesity and chronic disease 

epidemic. However, the findings contribute to the nonexistent literature, which can be 

used for further studies in the other USAPI countries.  Furthermore, the findings provide 

useful evidence to inform prevention policies and programs supplementing existing 

efforts in the fight against the rising obesity and chronic disease epidemic crisis among 

the USPI in Hawai‘i and in the USAPI.   
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