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ABSTRACT 

 

This dissertation used an evolutionary approach to examine the 

antecedents and outcomes to early pubertal development in girls in four major 

ethnic groups (i.e., European American, African American, Hispanic American, 

and Asian American). In the first study, logistic regressions were conducted to 

investigate the links between socioeconomic status (SES), parenting behaviors, 

and father absence to pubertal development across and within ethnic groups. SES 

and father absence predicted earlier pubertal development among European, 

African, and Hispanic Americans but not for Asian Americans. In the second 

study, growth curves were estimated for sexual outcomes across ethnic groups. 

Early developing European and African American girls had higher levels of 

sexual risk and pregnancy into adulthood. Puberty did not predict outcomes for 

Hispanic and Asian American girls. Overall, the findings from both studies 

revealed the importance of investigating childhood environmental contexts, 

puberty, and sexual health outcomes using an evolutionary perspective.  
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Introduction 

 

Puberty is a critical life transition, where adolescents begin to mature 

sexually, cognitively, biologically, and socially (Piakoff, Brooks-Gunn, & 

Warren, 1991). During puberty, adolescents experience many changes including 

breast and pubic hair development, the onset of menstruation, hormonal changes, 

weight gain, skeletal development, and changes in fat distribution (Neistein & 

Kaufman, 2002). These changes affect the developing adolescent directly through 

body and hormonal changes and also indirectly through how their social 

environments react to them (Christopher, 2001). The interaction of puberty with 

the social and cultural environment has the potential to affect adolescents’ 

development and has been associated with behavioral and emotional outcomes. 

Compared to girls who develop late, early developing girls are at increased risk 

for a variety of behavioral and emotional problems.  

It is established across the literature that early developing girls, on 

average, are at increased risk for maladjustment. However, findings are less 

consistent for boys. Although puberty occurs for both boys and girls, hormonal 

fluctuations and the reactions from parents and peers on early pubertal 

development are different for boys and girls. Additionally, studies suggest that the 

antecedents and outcomes are unique for girls (Belsky, Steinberg, Houts, 

Friedman, DeHart, Cauffman, et al., 2007). Therefore, my research will focus on 

girls in order to gain a better understanding of the effects of early pubertal 

development on adjustment to aid in intervention efforts.     
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Early pubertal development has been identified as particularly problematic 

because of its continued association with adolescent maladjustment, including 

substance use, depression, early sexual behavior, and early and unintended 

pregnancy (Billy, Brewster & Grady, 1994; Bingham, Miller, & Adams, 1990; 

Deardorff, Gonzales, Christopher, Roosa, & Milsap, 2005; Dick, Rose, Viken & 

Kaprio, 2000; Hayward, Killen, Wilson, Hammer, Litt, Kraemer, et al., 1997; 

Manlove, 1997; Pinny, Jensen, Olsen, & Cundick, 1990; Romans, Martin, 

Gendall, & Herbison, 2003). Not only is early pubertal timing predictive of 

problems during adolescence for girls, it may also have long term implications for 

girls’ mental and physical health into adulthood (Fleming & Offord, 1990). Thus, 

early sexual maturation can have important long-term implications for individuals 

as well as societal wellbeing.  

An emerging question from the literature on pubertal development is 

whether the accelerating effect of puberty on sexual behavior is part of an 

underlying developmental process that begins before sexual maturation. Current 

evidence suggests that it does. For example, a few longitudinal studies have 

revealed that early negative family environments predicted earlier pubertal 

development. That is, negative family relationships (e.g., family 

nonsupportiveness, maternal harshness, father psychological disturbance, father 

absence) in early childhood predict more advanced secondary sexual 

characteristics and earlier menarche (Belsky et al., 2007; Ellis & Essex, 2007; 

Tither & Ellis, 2008). This relation holds true even when controlling for genetic 

and environmental confounds (Ellis, 2004).  
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According to modern evolutionary psychology theory, humans have 

evolved to be sensitive and responsive to the environment, and as a result children 

develop specific reproductive strategies (Draper & Harpending, 1982). These 

reproductive strategies are designed to maximize the opportunities for humans to 

pass on their genes. Theorists from an evolutionary ecological perspective 

hypothesize that in order for one to reproduce, effort must be allocated among 3 

tasks, (1) growth and development, (2) mating, and (3) parenting. Although 

humans tend to allocate the greatest effort to growth and development, as shown 

by long periods of juvenile dependence and delayed sexual maturation, there is 

significant diversity in the ways that some human populations allocate effort to 

manage these tasks.  

The evolutionary argument, therefore, is that girls respond with faster 

pubertal maturation when early environmental contexts are unstable and predict 

an uncertain future in intimate relationships (Belsky, Steinberg, & Draper, 1991; 

Ellis, 2004). This occurs for two reasons, (1) earlier maturation decreases the 

likelihood of the individual dying before reaching an age to bear offspring, and 

(2) there is a longer period in which to bear offspring because age at puberty and 

age at menopause are uncorrelated. Thus, unstable early environmental contexts 

accelerate maturation and influence child bearing (i.e., promiscuity). 

Alternatively, contexts that are supportive and nurturing delay puberty and sexual 

behavior. In turn, a greater investment is made in parenting. Specifically, when 

the environment is positive and protective, pubertal development is delayed. The 
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delay in development provokes a greater investment in the task of growth and 

development as opposed to mating or parenting.  

Although this hypothesis explains current empirical findings, 

shortcomings exist in the literature. First, most of the research has primarily 

examined middle class, mostly well adjusted, European American girls (Stattin & 

Magnusson, 1990). Second, scholars have explored the primary childhood 

environment of parenting, specifically, negative parental behaviors. Given that 

SES varies by race/ethnicity, it is important to include SES as it influences both 

parenting behaviors and other childhood environments (McLoyd, 1990). Third, 

studies have not explored the long terms implications of early pubertal 

development. That is, studies have examined sexual risk and pregnancy at only 

one time point in early or middle adolescence. The current investigation addresses 

these limitations and seeks to increase our knowledge by expanding on parts of 

evolutionary theory to include minority adolescents, other aspects of parenting 

behaviors, SES, and long term outcomes. This dissertation is divided into two 

articles. In the first study, I examine variations in pubertal maturation by 

race/ethnicity. I also use SES, parenting behaviors (i.e., controlling parenting and 

parental warmth) and father absence to predict variation within and across 

racial/ethnic groups.  In the second article, I examine how early pubertal 

maturation influences risky sexual behavior, STIs, and pregnancies from early 

adolescence into young adulthood. I also examine how the relation between early 

sexual maturation and sexual outcomes vary by race/ethnicity. 
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Study 1: Predicting Racial Variations in Girls Pubertal Maturation:  The 

Role of SES, Father Absence, and Parenting 

Literature Review 

The onset of puberty is an important milestone for adolescent girls 

(Graber, Brooks-Gunn, & Warren, 1995). Pubertal maturation brings about 

changes on multiple levels, including hormonal, physical appearance, and social 

status (Neistein & Kaufman, 2002). Moreover, the timing of physical maturation 

is associated with various outcomes. Compared to on-time or late pubertal 

development, early pubertal development is associated with a number of 

undesirable outcomes. Earlier development places girls at increased risk for 

depression, antisocial behavior, using alcohol and illegal substances, early sexual 

debut, risky sexual behavior, and early or unintended pregnancy (Brooks-Gunn, 

Graber, & Paikoff, 1994; Petersen, Graber, & Sullivan, 1990; Silbereisen, 

Petersen, Albrecht, & Kracke, 1989). Given the implications that early pubertal 

development has on adolescent adjustment, it is important to identify its 

antecedents.  

Recently, several studies have focused on the role of ethnicity in pubertal 

onset. Findings suggest that the prevalence of early sexual maturation varies by 

adolescents’ ethnicity (Herman-Giddens, Slora, Wasserman, Bourdony, Bhapkar, 

Koch et al. 1997; Villarreal, Martorell, & Mendoza, 1989). Such that, ethnic 

minority adolescents are more likely to experience earlier maturation compared to 

European Americans.  
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There have been two hypotheses proposed to explain the ethnic variation 

in pubertal onset. The first hypothesis attributes ethnic differences in pubertal 

onset to differences in Body Mass Index (BMI). African American girls, on 

average, tend to have more body fat and, thus, higher BMIs (Kaplowitz, Slora, 

Wasserman, Pedlow, & Herman-Giddens, 2001). The fat associated with higher 

BMI is postulated as being linked to early secretion of hormones that would, in 

turn, accelerate pubertal development. The second explanation emphasizes the 

marked increase in stressors that some minorities face compared to European 

Americans (McLoyd, 1998). Specifically, exposure to chronic stressors (e.g., 

substandard living conditions, exposure to violence, racial discrimination, harsh 

parenting, and father absence) accelerate the sexual development and growth of 

minorities in order to increase reproductive success (Belsky, Steinberg, & Draper, 

1991; Ellis, 2004).  

Although an important line of research, key limitations to previous studies 

of pubertal maturation across ethnic groups exist. First, prior research has focused 

on African American and European American girls while ignoring pubertal 

maturation among other minority groups, such as Hispanic and Asian Americans. 

The studies that have included Hispanic girls typically have aggregated them with 

European American or African American groups when conducting analyses 

(Herman-Giddens et al., 1997). Additionally, Asian American girls have not been 

included in any comparative studies. The differences among adolescents of 

minority status are worthy of careful examination because of the possible 

differences in social and cultural environments in which they reside. 
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Second, the role of socioeconomic status (SES) has rarely been 

systematically investigated in conjunction with pubertal development. It is 

important to disentangle the effects of SES from those accredited to ethnicity
1
 

(McLoyd, 1990). It is possible that SES and not ethnicity account for the 

differences in puberty, as there are large disparities in the income of African 

American mothers and European American mothers. Minority families have 

disproportionately lower SES (Duncan, Brooks-Gunn, & Klebanov, 1994; U.S. 

Census Bureau, 2001). Furthermore, other factors associated with SES, such as 

parenting behaviors and father absence, have rarely been examined in association 

with pubertal development across ethnicities (McLoyd, 1990). Specifically, harsh 

and punitive parenting behaviors and father absence can create distress for 

children. Father absence is also more common among certain minorities than 

Caucasians (Population Reference Bureau, 2011). Inconsistent and harsh 

parenting have been associated with earlier pubertal maturation, however, these 

associations have only been studied in European American children (Belsky et al., 

2007). Positive indicators of parenting have also rarely been used in studies. 

Theory indicates that positive parenting practices would predict later pubertal 

maturation. These parenting strategies may create distress for children leading to 

earlier sexual maturation.    

The U.S. population includes a number of different ethnic groups but this 

study will focus on the four largest groups: European American, African 

American, Hispanic American, and Asian American (U.S. Census Bureau, 2001). 

                                                 
1
 While some studies have focused on race, I am choosing to use the term ethnicity to describe 

group differences.  
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Researchers have yet to examine differences in pubertal maturation in these four 

ethnic groups. Additionally, there has been no research examining the within 

group variation of pubertal timing. In light of the limitations previously stated, 

this study aims to investigate pubertal maturation by ethnic group, within each of 

the four ethnic groups, and as related to SES, father absence/presence and 

parenting behaviors. 

Ethnic Differences in Pubertal Development 

The prevalence of early sexual maturation, as most commonly measured 

by menarche (first menses), varies by adolescents’ ethnicity. Although the 

overwhelming majority of research has focused primarily on well adjusted, 

middle class, European American girls (Stattin & Magnusson, 1990), in recent 

years the differences between European Americans and other groups have become 

better documented. Across different studies, the average age of menarche for 

European American girls has varied between 12.55-12.88 years (Chumlea, 

Schubert, Roche, Kulin, Lee, Himes et al., 2003; Herman-Giddens et al., 1997; 

Wu, Mendola, & Buck, 2002). For African American girls, the average age has 

been between 12.06-12.25 years (Chumlea et al., 2003; Herman-Giddens et al., 

1997; Wu, Mendola, & Buck, 2002). Within each of these studies, the differences 

between European American girls and African American girls have been 

consistently statistically significant. For Hispanic Americans, the average age of 

menarche has ranged between 12.20-12.25 (Chumlea et al., 2003; Wu, Mendola, 

& Buck, 2002). Age at first menarche, therefore, has been closer for African 
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American and Hispanic American girls than either group was to European 

American girls.  

The ethnic differences are not only reflected in menarcheal status but also 

in physical development. By eight years of age, 48% of African American girls, 

roughly 25% of Hispanic American girls, and less than 15% of European 

American girls have begun breast development (Chumlea et al., 2003; Herman-

Giddens et al., 1997). Over 60% of African American and Hispanic American 

girls have pubic hair by age 10 compared to less than 30% of European American 

girls. Thus, consistent with menarche, African American and Hispanic American 

girls are closer in development than either two are to European American girls.   

To date, Asian Americans have not been represented in studies of pubertal 

development. Therefore, it is impossible to know how Asian Americans compare 

to other ethnic groups in timing and tempo of pubertal maturation. Some studies 

originating in China, particularly Hong Kong, suggest the average age of 

menarche for Chinese girls is 13.17 years for urban girls and 13.83 years for rural 

girls (Hin, Chen, Su, Zhu, Xing, & LiJ-Y, 1992). The studies that examined 

secondary sexual characteristics in Chinese girls, started at too late an age to 

establish timing (i.e., age 8-12; Herman-Giddens, Slora, Hasemeier, & 

Wasserman, 1993). It is likely that pubertal development will differ for Chinese 

adolescents living in the U.S. Thus, a significant contribution of this study will be 

the examination of Asian American girls.  
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Mechanisms Influencing Differences in Pubertal Maturation 

Theory and several studies provide evidence that pubertal maturation, 

particularly menarche, is sensitive to environmental and psychosocial stressors 

(Belsky et al., 2007; Belsky, Steinberg, Houts, & Halpern-Felsher, 2010; Graber, 

Brooks-Gunn, & Warren, 1995; Susman, Nottelman, Dorn, Inoff-Germain, & 

Chrousos, 1988). Belsky, Steinberg, and Draper (1991) proposed an evolutionary 

ecological model of pubertal maturation that linked childhood stressors, or 

stressful childrearing environments (e.g., harsh and controlling parenting, racism, 

disadvantaged neighborhoods), to earlier pubertal maturation. Alternatively, 

contexts that are supportive (e.g., parental warmth, parental supportiveness, 

adequate environmental resources) would predict later pubertal maturation. Their 

findings suggested that exposure to chronic stressors were associated with early 

pubertal onset and lower exposure to stressors was associated with later pubertal 

onset.  

Ellis (2004) distinguished among three types of stressors. First were 

physical stressors that included socioeconomic status and poverty. The second 

type of stressor included socioemotional stressors such as lack of parental 

involvement and inconsistent or harsh parenting. The third type of stressor was 

father absence. Additionally, Moffitt, Caspi, Belsky, and Silva (1992) found 

support for an additive model of stress on girl’s pubertal maturation. That is, 

multiple stressors increase the likelihood of early maturation. Consistent with 

Moffitt et al.’s (1992) additive model of stress, this study explores SES, father 
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absence, and parenting behaviors as stressors that could account for some of the 

differences in pubertal maturation across ethnicities.  

In this study, SES, father absence, and parenting serve as proxy measures 

of psychosocial stress. Many levels of evolutionary psychology define stress as 

the ongoing conditions that require the use of coping strategies that, in turn, can 

undermine physiological functioning overtime (Belsky, Steinberg, & Draper, 

1991; Ellis, 2004). These studies also refer to stressors as circumstances or events 

that cause stress. To be consistent with evolutionary psychology and previous 

research, this study will refer to SES, father absence and parenting behaviors as 

potential stressors for adolescent girls.  

Socioeconomic Status. All girls in low SES stratums are exposed to more 

stressful conditions than those from higher SES (Jencks & Mayer, 1990; Kim & 

Smith, 1998). Multiple studies have shown that low income families are exposed 

to an astonishing number of environmental stressors (Allison, Burton, Marshall, 

Perez-Febles, Yarrington, Kirsh et al., 1999; Kim & Smith, 1998; Wilson, 1991, 

1993). These stressors include more negative life events, higher interpersonal 

conflict, and limited access to social and health services as compared to those 

from higher SES. Given the differences in SES by ethnic group, it is surprising 

that few studies have examined SES and pubertal development by ethnic group 

(for exceptions see Obeidallah, Brennan, Brooks-Gunn, Kindon, & Earls, 2000 

and Deardorff, Ekwaru, Kushi, Ellis, Greenspan, Mirabedi et al., 2010). Across 

studies, African Americans and Hispanic Americans reach physical maturation 
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and menarche faster than European American girls (Chumlea et al., 2003; 

Herman-Giddens et al., 1997; Wu, Mendola, & Buck, 2002).  

Unfortunately, SES and ethnicity are confounded in the vast majority of 

studies. For example, Herman-Giddens et al.’s (1997) sample included a 

disproportional representation of low SES African Americans. In their study, over 

half of the African Americans were on Medicaid compared to only 10% of the 

European Americans. Medicaid is only available to low income individuals who 

cannot afford health insurance. Moreover, Lucky, Biro, Simbartl, Morrison, and 

Sorg (1997) and Brown, McMahon, Biro, Crawford, Schreiber, Similo et al. 

(1998) reported that 46.3% of African Americans in their sample reported 

incomes below $20,000 while only 17 % of the European American sample 

reported income below $20,000. Likewise, less than 24% of African American 

annual income was above $40,000, but over 50% of European Americans fell into 

this group. More African Americans fell into a lower income level than the 

European Americans. Thus, the differences in timing may be due to SES and not 

ethnic differences. 

Obeidallah et al. (2000) provided some evidence for links between 

ethnicity, SES, and pubertal maturation. Significant differences in menarcheal 

onset existed between Hispanic and European American girls. Importantly, these 

differences disappeared after controlling for indicators of SES. This suggests that 

the differences in pubertal development may not be due to ethnicity but due to 

differences in SES. This finding highlights the importance of taking into account 

SES as an environmental stressor for girls.  
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Father Absence/Presence. Evidence also suggests that family structure 

predicts the timing of pubertal development. The majority of research on family 

structure and pubertal development has examined whether the father is present or 

absent (Ellis & Garber, 2000; Hetherington & Kelly, 2002). Father absence has 

been defined as the absence of the biological father from the home, usually before 

the onset of puberty. The results from studies examining father absence and 

puberty are very consistent; girls raised in father absent homes reach puberty 

several months earlier than girls raised in father present homes (Moffett et al., 

1992; Wierson, Long, & Forehand, 1993). However, this relation has primarily 

been tested in European American, middle class girls. The relation does not 

always hold when ethnicity is considered. For instance, samples of African 

American girls growing up in father absent homes did not reach puberty at a 

different age than African American girls from two parent homes (Campbell & 

Udry, 1995; Rowe, 2000). This emphasizes the importance of including other 

ethnic groups in investigations of the effect of parent-child relations on pubertal 

development. The strength of my research is the inclusion of other ethnic groups 

and examining the within group variability. 

Parenting Behaviors. The home environment is the context in which 

children have the most contact and has the greatest potential to impact child 

adjustment (Bronfenbrenner & Morris, 1998). Several studies have highlighted 

the importance of parenting behaviors in the onset of puberty (Belsky et al., 

2007).  Most investigations examining the parents’ influence on pubertal 

development have tested Belsky, Steinberg, and Draper’s (1991) hypothesis. 
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Belsky et al., (1991) argue that the home environment is shaped by extrafamilial 

stressors and supports, and that these influences are associated with the timing of 

sexual maturation. Specifically, they argue that early environmental stressors 

associated with the family predict two distinct life courses. The early family 

environment can either accelerate or delay pubertal maturation. There has been 

increasing evidence supporting this hypothesis.  

 Both longitudinal and retrospective studies have shown that negative 

parenting behaviors, such as coercion, conflict, and harshness, predict early 

pubertal development (Ellis & Garber, 2000; Moffitt et al., 1992; Garber, Brooks-

Gunn, &Warren, 1995). However, it is not just indicators of family dysfunction 

that predict early pubertal development, indicators of positive family functioning 

also predict later pubertal development. For example, Ellis and colleagues found 

that the more affectionate and positive interactions that take place between mother 

and her child the later the age at first menarche (Ellis, McFadyen-Ketchum, 

Dodge, Pettit, & Bates, 1999). Nonetheless, one limitation to this area of research 

is that positive and negative aspects of the parent-child relationship have rarely 

been included in the same study. Prior work has revealed that positive and 

negative parent-child relationship qualities do not always predict the same child 

outcome (Petit, Bates, & Dodge, 1997). Additionally, research suggests that 

parent-child relationships have independent positive and negative dimensions and 

account for unique variance in child outcomes (Belsky, Hsieh, & Crnic, 1998; 

Hetherington & Clingempell, 1992). Thus, it is important to include both in 

studies of child outcomes.  
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 The current investigation used parental warmth and behavioral control as 

indicators of parenting. Prior research, although limited, has found a relation 

between parental warmth and pubertal maturation, that is, greater parental warmth 

predicted later pubertal development (Ellis et al., 1999). Although behavioral 

control has traditionally been associated with positive outcomes, higher 

behavioral control has predicted higher BMIs for African American and Hispanic 

American girls (Fuemmeler, Yang, Costanzo, Hoyle, Siegler, et al., 2012). This is 

consistent with other research that has associated parental behavioral control with 

poor health outcomes (Thomas et al., 2008). Because increases in BMI are 

associated with pubertal maturation, this study examined behavioral control as a 

psychosocial stressor. From the adolescent’s perspective, having strict parents 

might be considered stressor.  

 Although SES, father absence, and parenting behaviors were presented 

separately, theory would suggest that they are linked together. These stressors 

have bidirectional effects that may influence pubertal maturation and subsequent 

adjustment. That is, these independent predictors, SES, father absence, and 

parenting influence each other. Problems in one domain may exacerbate problems 

in the other domains. For example, researchers have posited that parenting styles 

are influenced by SES (Eccles, Furstenberg, McCarthy, Lord, & Geitze, 1993). 

That is, low SES and father absence contribute to maternal stress which can 

influence parenting styles. Moffitt et al. (1992) support this idea that each makes a 

contribution to stress but their also additive in nature.  
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Within Group Differences  

Most studies examine differences between ethnic groups. However, it is 

also important to note that there is substantial variability within ethnic groups. For 

example, although European Americans have the highest overall median income, 

there is also a significant range in incomes across European American families 

(U.S. Census Bureau, 2001). There are similar patterns for African American, 

Hispanic American, and Asian Americans.  

Additionally, there is variation within ethnic groups in parenting styles 

and how adolescents respond to these parenting behaviors. Specifically, European 

American adolescents respond well to a warm, reasoned, and collaborative 

approach to parenting (Steinberg, Mounts, Lamborn, & Dornbusch, 1991). 

Research findings on the effect of parenting style for African American and Asian 

American youth has been more inconsistent. In some studies, positive outcomes 

have been associated with less warm and more controlling parent-child 

relationships and in others warm and affectionate parenting (Steinberg, Lamborn, 

Darling, Mounts, & Dornbusch, 1994). Therefore, it is essential to examine both 

differences between ethnic groups as well as within each specific group. 

The Current Investigation 

The current research examined pubertal maturation within each ethnic 

group and across each ethnic group as predicted by SES, father absence/presence 

and parenting behaviors using the National Longitudinal Study of Adolescent 

Health (Add Health). More specifically, there were three goals of this study. The 

first goal was to test for differences in pubertal development among European 
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Americans, African Americans, Hispanic Americans, and Asian Americans. I 

hypothesized that African American and Hispanic American girls will enter 

puberty significantly earlier than European American and Asian American girls. 

The second goal was to test whether the stressors of SES, father absence, and 

behavioral control are positively related, and mother warmth is negatively related 

to pubertal development within each of these groups. The third goal was to 

examine whether there were differences across ethnic groups. All analyses 

included an indicator of BMI as it has been shown to be related to pubertal 

development (Kaplowitz et al., 2001). Add Health is a unique study that lends 

itself to the exploration of between and within variation among ethnic groups as it 

includes minority families with low and high SES in its sample. As discussed 

earlier, much of the research on the timing of pubertal development has sampled 

high SES European Americans and low SES ethnic minority youth. By using both 

high and low SES in each ethnic group I examined whether ethnic differences are 

related to differences in SES. 

Method 

Participants and Procedure 

 Data in this study came from Add Health; a multistage, stratified, school 

based sampling design (Bearman, Jones, & Udry, 1997). This dataset includes a 

large, nationally representative sample of adolescents in 7
th

 through 12
th

 grade. 

Add Health began with a school sample comprised of more than 90,000 students 

from 134 schools across the United States. A representative weighted sample of 

more than 20,000 adolescents was chosen to complete the in-home survey in 
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1995. Information on pubertal development, ethnicity, parenting behaviors, 

household structure, and control variables were collected from adolescents. The 

mother of some respondents also completed a questionnaire.  

There were 10,342 girls who participated in the in-home survey. To obtain 

the desired sample three selection criteria were used. First, only girls between the 

ages of 11 and 16 were included because pubertal changes are usually complete 

by mid-adolescence (n = 3,648 dropped). By restricting the sample to early 

adolescence, this ensured that there would be variation in the pubertal measures 

because in late adolescence the pubertal transition would be complete. Third, the 

sample was limited to European American, African American, Hispanic 

American, and Asian American girls. This excluded adolescents who identified as 

American Indian or Native American (n = 51 dropped), other (n = 71 dropped), 

and those who marked multiple ethnicities (n = 770 dropped). Fourth, the sample 

contained only adolescent girls whose mothers completed the parent survey (n = 

647 dropped). As a result, this study is based on 5,155 adolescent girls who 

reported menarcheal status (Mage = 14.57; SD = 1.20). The sample contained 

3,268 (63%) European Americans, 1,313 (26%) African Americans, 364 (7%) 

Hispanic Americans, and 207 (4%) Asian Americans.  

Measures 

Pubertal development. Although menarche occurs late in the pubertal 

process, it is the most commonly used measure of pubertal development (Caspi, 

Lynam, Moffit, & Silva, 1993; Graber, Petersen, & Brooks-Gunn, 1996; Stattin & 

Magnusson, 1990). Thus, self-reported age at menarche, measured in whole years, 
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served as a proxy for early pubertal development. I constructed a binary variable 

indicating if girls were early (coded as 1) or on-time and late (coded as 0). Girls 

whose period had not arrived at the time of the assessment were coded as zero, an 

indication for on-time or late pubertal development. Early developing girls were 

those who reached menarche before age 12 (30% of the sample).  

Ethnicity. Adolescents self-reported their race or ethnicity. Based on the 

answers to 2 questions, the categories of White, African American, Latina, and 

Asian American were created. Latina ethnicity was based on adolescents’ answer 

to the question “Are you of Hispanic or Latino origin” (0 = no; 1 = yes). All 

others were created from the question “What is your race” (White; Black/African 

American; Asian or Pacific Islander). 

Socioeconomic status. Two indicators of family SES were used. First, 

resident mothers’ reported their highest level of education (0 = did not graduate 

from high school; 4 = professional degree). Mothers also reported on fathers 

highest level of education (0 = did not graduate from high school; 4 = 

professional degree). When two parents were in the household, the highest level 

of parent education was used.  Second, mothers reported their total household 

income in 1994.   

Father absence. The resident parent answered two questions (1) “Does 

{name}’s biological father live in this household” and, (2) “Did {name} ever live 

with her biological father?” These questions were combined to determine wither 

the biological father was ever present in the household (0 = father present; 1 = 

father no longer resides in household; 2 = father never resided in household).  
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Mother warmth. Adolescents reported on their mother’s warmth using a 

5-item scale. Two items included “How close do you feel to your mother” and 

“How much do you think she cares about you” (1 = not at all; 3 = somewhat; 5 = 

very much). The other three items included “Most of the time, your mother is 

warm and loving toward you,” “You are satisfied with the way your mother and 

you communicate with each other” and “Overall, you are satisfied with your 

relationship with your mother” (1 = strongly disagree; 3 = neither agree nor 

disagree; 5 = strongly agree). These items were averaged together (α = .89) with 

higher scores reflected more maternal warmth.  

Behavioral control. Adolescents reported on their parents’ behavioral 

control using seven items. These items used a 2 - point scale (0 = no; 1 = yes). 

Sample items include “Do your parents let you make your own decisions about 

what you wear,” “Do your parents let you make your own decisions about the 

people you hang around with,” and “Do you parents let you make your own 

decisions about the time you must be home on weekend nights?” Items were 

reverse coded and then summed so that a higher score indicated more behavioral 

control (α = .59).  

Body Mass Index. BMI was computed using adolescent self-reported 

height and weight. Weight in pounds was divided by squared height in inches and 

multiplied by 703 (Center for Disease Control and Prevention, 2003). 

Plan of Analysis 

The primary goals of this study were to investigate within and across 

group variation among European American, African American, Hispanic 
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American, and Asian American as well as to see if SES, parenting behaviors, and 

father absence predict this variation. To achieve these goals, preliminary analyses 

were conducted to examine patterns of missing data. To address the issue of 

missing data, Full Information Maximum Likelihood (FIML) was used to input 

values of missing variables. SAS was used to estimate logistic regression models 

in all analyses. Additionally, BMI was be used as a control in all analyses because 

body fat naturally increases during the pubertal transition (Halpern, King, Oslak, 

& Udry, 2005; Kaplowitz et al., 2001).  

In order to test the first goal, that there would be differences among ethnic 

groups in pubertal development, five sequential logistic regression models were 

estimated. The first model examined only BMI as a predictor of pubertal 

development. The next four models examined differences across and within the 

four ethnic groups, European American, African American, Hispanic American, 

and Asian American on pubertal development above the effects of BMI. To 

compare pubertal development across ethnic groups, a series of models with 

dummy codes for ethnicity were estimated.  

In each of the four models, one group was used as a reference group to test 

against each of the three other groups using dummy codes. For example, 

European American was the reference group and dummy codes were included to 

examine if African Americans, Hispanic Americans, and Asian Americans 

differed from European Americans. Similarly, African American was used as the 

reference group in one model and dummy codes were created for the remaining 

groups to determine if there were differences. Likewise, two additional models 
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were run for Hispanic Americans and Asian Americans. Thus, four separate 

models were estimated to account for all possible comparisons that are estimated 

in a traditional Analysis of Variance. In order to assess whether ethnicity 

predicted variation in pubertal development above and beyond BMI, the change in 

the chi-square from the first model (i.e., BMI only model) was compared to the 

remaining four models with the ethnicity dummy codes. That is, if the change in 

chi-square was significant then the model fit was improved with the addition of 

the ethnicity dummy codes (Tabachnick & Fidell, 2007). 

The second goal investigated whether SES, parenting behaviors, and 

father absence predicted variation within each ethnic group. In order to address 

the second goal, four logistic regression models with interaction terms were run. 

These models allowed for examining within each group by looking at the main 

effects.  The main effects would then represent the within group differences for 

each group, such as European Americans. Similar to the other models, dummy 

codes were created for each of the ethnic groups and each model used one group 

as the reference group. These models differ from the previous ones in that SES, 

parenting behaviors (warmth and behavioral control), and father absence/presence 

were used to predict variation in pubertal development. The main effects represent 

which predictors were associated with pubertal development within each ethnic 

reference group for each regression and correspond to goal two. The change in 

chi-square was examined for improvement in model fit.  

In order to address the third goal, that there were differences across groups 

in the predictors, four logistic regression models with interaction terms were run. 
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These models were the same as the previous ones only here I focused on the 

interactions in order to examine and compare the different predictors across the 

four ethnic groups by examining interaction terms. Similar to the other models, 

dummy codes were created for each of the ethnic groups and each model used one 

group as the reference group. The main effects were entered followed by the 

interaction terms. The interaction terms were created using the predictors (i.e., 

SES, parenting behaviors, and father absence) and the dummy codes. Before 

creating the interaction terms each variable was centered to allow for 

interpretation. 

Results 

Descriptive statistics 

 As shown in Table 1 (see Appendix A), approximately 30% of adolescents 

entered puberty early. The largest percentage of early developing girls were 

African American (36%) followed by Hispanic Americans, European Americans, 

and Asian Americans (33%, 27%, and 22%, respectively).  

Chi-square and ANOVA were used to examine differences across ethnic 

groups (significance levels and effect sizes reported in Table 1). Results from the 

chi-square analyses reveal that a larger proportion of African Americans and 

Hispanic Americans were classified as early developers and had a higher 

proportion of father absence than would be expected by chance. In contrast, a 

smaller proportion of European Americans and Asian Americans were classified 

as early developers and had a lower proportion of father absence than would be 

expected by chance.   
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Results from the ANOVA revealed that there were no significant 

comparisons for BMI and mother warmth [F(3, 4687) = 2.06, ns.; F(3, 4537) = 

2.37, ns., respectively]. There were main effects for ethnic group when testing for 

differences in parent education [F(3, 4642) = 59.34, p < .001], income [F(3, 4554) 

= 9.26, p < .001], and behavioral control [F(3, 4537) = 7.56, p < .001]. Results of 

Tukey’s posthoc tests revealed that of the six comparisons for parent education, 

all six were significant [p’s < .01-.001]. Asian Americans had the highest parent 

education followed by European Americans, African Americans and Hispanic 

Americans. Additionally, Asian Americans had significantly higher income 

compared to all other ethnic groups [p’s  < .001]. For behavioral control, two of 

the six post hoc comparisons were significant. European Americans had lower 

behavioral control compared to African Americans [p < .01] and Hispanic 

Americans [p < .001]. All of these results should be interpreted with caution 

because the effect sizes were small with the exception of father absence.  

Correlations among study variables for European Americans and African 

Americans are shown in Table 2 (see Appendix A). For European Americans, 

early pubertal development was associated with higher BMI [r(3210) = .16, p < 

.001] and father absence [r(3210) = .07, p < .01] and lower parent education 

[r(3210) = -.06, p < .001] as well as income [r(3210) = -.04, p < 05]. In the 

correlations for African Americans, early pubertal development was associated 

with a younger age [r(1287) = -.14, p < .001], higher BMI [r(1287) = .07, p < 

.05], and higher parent education [r(1287) = .06, p < .05]. As shown in Table 3, 

none of the indicators were significantly related to pubertal development for 
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Hispanic Americans. For Asian Americans, early pubertal development was 

associated with higher BMI [r(202) = .15, p < .05]. Although the correlations 

were statistically significant, some of these correlations are small, but statistically 

significant because of the large sample size.  

Goal 1: Between Group Differences  

The first goal of this study was to examine differences among ethnic 

groups in pubertal development. In order to test this goal five sequential logistic 

regressions were estimated. Results are reported in Tables 4-7 (see Appendix A) 

and show the regression coefficients, standard errors, odds ratios (OR), 95% 

confidence intervals (CI) for the odds ratios, model chi-square, and the change in 

the chi-square. In each table, Model 1 contained BMI only and the overall model 

was significant [χ
2 

(1) = 52.30, p < .001]. BMI was a significant predictor in all 

models, indicating that early development was associated higher BMI. The next 

four logistic regression models estimated differences in the four ethnic groups 

above and beyond BMI. To compare pubertal development dummy codes for each 

ethnicity were used. Table 4 shows the analyses using European Americans as the 

reference group. Examining Model 2 in Table 4 shows statistically significant 

improvement with the addition of the ethnicity dummy codes [Δχ
2 

(3) = 31.00, p < 

.001]. Specifically, African Americans were 1.75 times as likely to enter puberty 

early and Hispanic Americans were 1.52 times more likely to experience early 

pubertal development compared to European Americans after controlling for 

BMI. There was no significant difference between European Americans and 

Asian Americans.  



26 

 

In Table 5 (see Appendix A), African Americans were the reference 

group. After examining the change in chi-square, the model with the ethnicity 

dummy codes significantly improved overall model fit [Δχ
2 

(3) = 31.00, p < .001; 

Model 2]. Significant and negative betas indicated that European Americans and 

Asian Americans were .57 and .49 (i.e., less or half) as likely to enter puberty 

later compared to African Americans after controlling for BMI. 

In the models using Hispanic Americans as the reference group (Table 6; 

see Appendix A), the addition of the dummy codes showed significant 

improvement [Δχ
2 

(3) = 31.00, p < .001; Model 2]. The only significant 

comparison after controlling for BMI was Hispanic Americans to European 

Americans, indicating that European Americans were .65 as likely to experience 

later pubertal development. In sum, Hispanic Americans were more likely to enter 

puberty early compared to European Americans.  

The final model used Asian Americans as the reference group (Table 7; 

see Appendix A) showed statistically significant improvement over the BMI only 

model with the addition of the ethnicity dummy codes [Δχ
2 

(3) = 31.00, p < .001; 

Model 2]. In this model, African Americans were 2.06 times more likely to enter 

puberty early compared to Asian Americans.  

Goal 2: Within Group Differences with Predictors 

The second goal of this study was to examine if SES, parenting behaviors, 

and father absence predicted variation within each ethnic group. The results are 

reported in Model 3 of Tables 4-7 (see Appendix A). These logistic regression 

models were similar to the previous models except SES, parenting behaviors, and 
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father absence were added. Table 4 is the analysis for European American girls 

with Model 3 representing the within group differences. The change in chi-square 

was significant above the BMI only model [Δχ
2 

(18) = 73.55, p < .001]. After 

controlling for BMI, father absence was the only significant within group 

predictor. That is, European American girls with no father in the home were more 

than one and a quarter times more likely to enter puberty early than those with a 

father present.  

Table 5 (see Appendix A) represents the analyses using African 

Americans as the reference group with Model 3 representing the within group 

differences. There was a statistically significant change in chi-square above the 

BMI only model [Δχ
2 

(18) = 73.55, p < .001]. Father absence was significant 

predictor for African American girls’ pubertal timing, after controlling for BMI. 

That is, African American girls with no father in the home increased the 

likelihood of entering puberty early compared to African American girls whose 

father was present at least some of the time. 

The results for the within group differences for Hispanic Americans are 

presented in Table 6, Model 3 (see Appendix A). There was significant 

improvement over the BMI only model [Δχ
2 

(18) = 49.96, p < .001].  Father 

absence was the only significant predictor. Specifically, Hispanic American girls 

were more likely to enter puberty early if they their father was no longer present 

in the home than Hispanic American girls whose fathers were present.   

For Asian Americans, there was statistically significant change in chi-

square above and beyond the BMI only model [Δχ
2 

(18) = 49.96, p < .001]. BMI 
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was the only significant within group predictor. Namely, girls who had higher 

BMIs were more likely to enter puberty early than girls with lower BMIs.  

Goal 3: Across Group Differences 

The third goal of this study was to examine if there were differences 

across groups in the predictors. To address this goal logistic regression models 

with interaction terms were estimated. The interaction terms compared the 

different predictors across the four ethnic groups. There were no significant 

differences for Hispanic Americans and Asian Americans as the reference group. 

There were two significant differences for European Americans and African 

Americans.  

The statistically significant results are presented in Model 4 of Tables 4 

and 5 (see Appendix A).When comparing the paths across European American 

and African American, there were differences for BMI and parent education. 

Higher BMI was associated with early pubertal development for European 

American girls but lower BMI was associated with early pubertal development for 

African American girls (Figure 1). 

The interaction between parent education and ethnicity (i.e., European 

American and African American) was also significant. This indicates that higher 

parent education was associated with early pubertal development for African 

Americans but lower parent education was associated with early pubertal 

development for European Americans (Figure 2).  
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Discussion 

 Given that adolescents who enter puberty early are generally at higher risk 

for maladjustment (Billy, Brewster & Grady, 1994; Deardorff, Gonzales, 

Christopher, Roosa, & Milsap, 2005; Dick, Rose, Viken & Kaprio, 2000; 

Hayward, Killen, Wilson, Hammer, Litt, Kraemer, et al., 1997; Manlove, 1997; 

Romans, Martin, Gendall, & Herbison, 2003), understanding the antecedents of 

early pubertal maturation is imperative. Theory and prior research suggest that 

pubertal maturation is sensitive to environmental factors, and that girls have 

evolved to be sensitive to specific features of the environment (Belsky, Steinberg, 

& Draper, 1991; Ellis, 2004). That is, environments that are high in stress 

influence young girls to develop in a way that speeds up their maturation. 

Drawing from this evolutionary psychology perspective, the purpose of this 

investigation was to examine variation in pubertal development within and across 

each of the four major ethnic groups (i.e., European American, African American, 

Hispanic American, and Asian American) as predicted by SES, father absence, 

and parenting behaviors. Specifically, this investigation had three goals: a) to 

examine variation in pubertal development across four ethnic groups; b) to 

examine variation in pubertal development within each ethnic group by SES, 

father absence, and parenting behaviors; and c) to examine if these paths differed 

across ethnic groups.  

Overall, this study found significant differences in pubertal development 

between ethnic groups. Consistent with previous research, African American and 

Hispanic American girls were more likely to enter puberty early compared to 
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European American girls (Chumlea et al., 2003; Herman-Giddens et al., 1997; 

Wu, Mendola, & Buck, 2002). Although a greater percentage of African 

American girls reported earlier timing, there were no statistically significant 

differences in pubertal maturation for African Americans and Hispanic 

Americans. One contribution of this study was that Asian American girls enter 

puberty significantly later than African American girls. Evolutionary psychology 

suggests that these differences might exist because of the differing exposure to 

psychosocial stressors. One primary goal of this study was to examine if exposure 

to specific stressors (i.e., SES, father absence, and parenting behaviors) 

influenced differences in timing within and across groups. This discussion will be 

organized around these stressors.  

Socioeconomic Status 

 Results from extant research have suggested that ethnic differences in 

pubertal development might be due to SES. SES and ethnicity, however, are often 

confounded in this work (McLoyd, 1998). As discussed previously, studies have 

primarily used samples from low SES African Americans and high SES European 

Americans (Chumlea et al., 2003; Herman-Giddens et al., 1997; Wu, Mendola, & 

Buck, 2002). There were two indicators of SES used in this study, income and 

parental education. Results revealed that there were significant interaction 

between ethnicity and parent education on pubertal development. Such that, lower 

parent education for European American girls predicted earlier pubertal 

development whereas higher parent education for African American girls 

predicted earlier pubertal development.  
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Another interesting finding included that lower parent education was 

associated with accelerated pubertal maturation for European American girls. 

Higher SES was associated with later pubertal maturation. This finding is 

consistent with the few studies that have examined parent education as a predictor 

of secondary sexual characteristics in girls (Ellis & Essex, 2007). That is, higher 

SES was associated with low levels of secondary sex characteristics in previous 

studies and later menarche in this study. These findings indicate that low SES 

European American girls experience more stress. For example, lower SES homes 

are more likely to have a father absent from the home and poorer family 

relationships (Belsky, Steinberg, Houts, Halpern-Felsher, 2010). Additionally, 

low SES European American adolescents have reported more negatively 

impactful stressful life events and lower levels of perceived social support than 

did African American and Hispanic American adolescents (Prelow & Guarnaccia, 

1997). Low parent education can be indicative of prolonged family stress. 

According to evolutionary theory, adolescents who experience higher levels of 

stress have accelerated pubertal maturation due to the perception of an unstable 

and unpredictable environment.  

One counterintuitive finding was that for African Americans higher parent 

education was associated with earlier pubertal maturation. Potentially what might 

be occurring is that higher parent education for African American girls presents 

some different stressors unique to that group. For example, higher parent 

education might be associated with more racism and discrimination and more 

time isolated due to parent working hours or traveling (Brown, 2001; Gee, 2002; 
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Koplewicz, Gurian, & Williams, 2009; Luthar & Becker, 2002). Furthermore, 

higher SES may also be associated with weaker social support networks 

compared with lower SES families and communities, where using alternative 

caregivers maybe the norm (Hogan, Hao & Parish, 1990). Although these results 

seem contrary to past research on poverty, stress and health, other research on the 

family factors and pubertal development suggest that those may be important 

contributors to stress (Adler & Rehkopf, 2008; Belsky et al., 2007). When placed 

into an evolutionary perspective, racial discrimination, leaving a child isolated 

due to working hours, and weaker support networks could contribute to a stressful 

home environment for developing adolescents, and thus accelerate pubertal 

development.  

However, one should be cautious when interpreting these results. First, the 

differences in parent education are not great. In terms of coding for parent 

education one indicates high school graduate and two indicates some college.  For 

both early and on-time and late puberty parent education feel between high school 

and some college. This is relatively high parental education. These findings might 

have been significant due to the large sample size for European Americans and 

African Americans (n = 3,268, n = 1,313, respectively).  Future studies should 

obtain samples of low and high SES European Americans and African Americans 

to examine the associated between SES and puberty. 

Second, results from recent research have been mixed. For example, 

despite income predicting pubertal development in previous studies (Braithwaite, 

Moore, Lustig, Epel, Ong, Rehkopf, et. al., 2008; Deardorff et. al., 2010), this 
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study did not find any relation between income and menarche. Deardorff et al. 

(2010) found that higher income families with a father absent from the home 

predicted earlier pubertal development for African American girls. Braithwaite et 

al. (2008) found that parent education did not significantly predict early 

menarche. However, income predicted age at menarche for African American 

girls but only the highest income predicted late menarche for European 

Americans girls. Taken together, Braithwaite et al. (2008) and Dearforff et al. 

(2010) have highlighted the complexities of using indicators of SES in relation to 

pubertal maturation. Future research will need to further address parent education 

and income on pubertal development. Specifically, research will need to parcel 

out how SES is influencing stress levels and how these function differently in 

terms of ethnicity.   

Father Absence  

 This study highlighted the link between father absence and early pubertal 

development. Interestingly, the mean-level differences in father absence map onto 

the differences present for puberty. For example, African Americans had the 

earliest pubertal development and the highest rates of father absence. 

Additionally, this study found that for European Americans, African Americans, 

and Hispanic Americans having no father in the home accelerated pubertal 

maturation within each group. This finding is consistent with a growing body of 

evidence that father absence plays a large role early pubertal development (Belsky 

et al., 2005; Belsky, Steinberg & Draper, 1991; Ellis & Garber, 2000; Deardorff et 

al., 2011; Moffett et al., 1992; Wierson, Long, & Forehand, 1993). When the 
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father is absent from the home, mothers are likely to be raising children on their 

own. Single mother families experience more stress than intact families. 

Specifically, single mothers have less money, longer work hours, less social 

support and involvement, and lower frequency of contact with friends and family 

compared to married mothers (Cairney, Boyle, Offord, & Racine, 2003). Children 

are sensitive to the environment and maternal stress (Hofferth & Sandberg, 2001) 

thus biologically, children may respond with accelerated development.  

Father absence acts as a psychosocial cue of stress versus support in the 

family system. When the father is absent from the home, young girls get the 

impression that the family system is unstable and parental investment is minimal. 

Further, father absence also provides predictive cues for future male involvement 

later in life within relationships. In addition, adolescent girls gain increased 

exposure to unrelated males through the mothers dating relationships. Girls 

experienced earlier pubertal development when their childhood experiences 

included exposure to unrelated father figures, especially if that exposure was high 

in conflict (Ellis & Garber, 2000). 

Despite the consistency in findings for father absence within each of the 

ethnic groups, father absence did not predict within group variation for Asian 

Americans. Perhaps because most Asian Americans in this sample (i.e., 74%) 

come from homes where the father is present, there was not enough variation or a 

large enough sample to detect an effect. Another possible explanation is that 

father absence is not influential for Asian Americans. Father absence may not 

have an impact because Asian Americans tend to live in mutigenerational 
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households where a related adult male lives in the home (Taylor et al., 2010). 

Future research will need to explore the possible role of father absence in pubertal 

maturation for Asian American girls.  

Parenting Behaviors 

Despite the consistent connections between parenting behaviors and 

pubertal development (Ellis & Garber, 2000; Moffitt et al., 1992; Garber, Brooks-

Gunn, &Warren, 1995), the present investigation failed to find any associations 

between parenting behaviors and pubertal maturation. Across all ethnic groups, 

indicators of parenting behaviors were not associated with pubertal maturation. 

The expectation was that behavioral control would predict earlier puberty whereas 

parental warmth indicators would predict later pubertal development. There are 

two possible explanations for the lack of findings regarding parenting behaviors 

and pubertal maturation, one theoretical and one methodological.   

First, one possible theoretical explanation is that these data were collected 

too late to capture differences. According to evolutionary psychology, it is the 

early rearing environment (i.e., under 7 years) that has the greatest impact in 

determining the timing of sexual maturation (Belsky, Steinberg, & Draper, 1991). 

Previous research has collected data on parenting behaviors and physical 

development in childhood with a younger aged sample. A few have collected 

parenting measures in early childhood, before age 6 and before pubertal 

development in adolescence (Ellis et al., 1999; Graber, Brooks-Gunn, & Warren, 

1995). The data in the present study were collected in adolescence; perhaps too 

late to capture the role of parenting in pubertal development. Another study noted 
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that collecting family relationship and pubertal development data concurrently in 

adolescence did not show the same associations as when the measurement of 

family relationships was taken in childhood (Jorm, Christensen, Rogers, Jacomb, 

& Easteal, 2004). This is likely the case for parental warmth as warmth has been 

found to be related to timing of puberty in several other studies (Ellis et al. 1999; 

Graber, Brooks-Gunn, & Warren, 1995; Romans et al., 2003). 

Second, the parenting measures, mother warmth and behavioral control 

might not be ideal measures for predicting pubertal maturation. In terms of 

indicators of negative parenting, behavioral control likely is not the best measure. 

Most studies examining parenting and pubertal maturation have used family 

conflict and coercion (Ellis & Garber, 2000; Moffitt et al., 1992; Garber, Brooks-

Gunn, &Warren, 1995). Although some health psychologists have concluded that 

behavioral control is associated with higher BMIs and poorer health outcomes 

(Fuemmeler et al., 2012), many studies conducted by developmental and family 

psychologists suggest that behavioral control, especially when paired with high 

warmth, is advantageous for child development (Darling & Steinberg, 1993). 

Because this study used a secondary data set, the parenting measures, particularly 

behavioral control, were not the best indicators of family functioning.  

Similarly, there may have been a lack of findings in parenting behaviors 

because this study used the menarche as a proxy measure for pubertal 

development. Often studies have used measures specific stages of physical 

development when assessing the relations between parenting behaviors and 

pubertal development (Belsky et al., 2007). This may be due to the young age at 
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which assessments were taken, that is, that menarche had not yet occurred in these 

samples. Thus to better understand the association between parenting and 

menarche, future research should include measures of physical development and 

begin with participants who are younger. 

BMI 

 There was also a significant interaction between ethnicity and BMI and 

puberty. Consistent with prior research, a higher BMI predicts earlier pubertal 

development for European American girls. For African Americans a lower BMI 

predicted earlier development although the difference was very small. Several 

studies have linked higher BMIs with early puberty. This relation has been shown 

to be particularly strong for European American girls and a lesser degree to 

African American girls (Kaplowitz et al., 2001). While some studies have 

suggested that increases in body fat precipitate pubertal development, others 

suggest that genetic and environmental factors play a larger role African 

Americans (Wong, Nicolson, & Stuff, 1998). Some studies have noted that 

African Americans have a higher body fat percentage but that this doesn’t 

necessarily predict puberty in all samples (Wolff, Berkowitz, Brower et al., 1999).   

Limitations and Future Directions 

 There are several limitations to the present study. The primary limitation 

of this study was the concurrent measurement of the study variables. Because the 

variables were measured concurrently, it is difficult to determine causality and 

this may have contributed to the difficulty in detecting effects. This was 

particularly problematic in terms of measuring parenting behaviors. Additionally, 
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because this study used an existing data set, the measures for parenting behaviors 

were somewhat limited and might not have been the best assessment of positive 

or negative parenting. Future research should address better measures of parenting 

behaviors and measure them in early childhood, before age 6.  

Moreover, because puberty was measured at only one time point, some 

girls may have entered puberty early but were coded as late in this study because 

they had not reached menarche in the first Wave of data collection. For example, 

an 11 year old adolescent girl could report that she had not experienced menarche 

but could potentially experience menarche the next day. In this study she should 

be coded as late however, her actual timing would be early. Because this study 

only used the first wave of data, we could not capture those girls who would be 

early but had not reached menarche yet. Furthermore, studies should include 

multiple markers of pubertal development (i.e., physical development, menarche, 

perception of timing) to examine if these associations vary with different 

indicators of puberty. 

 Another limitation is that the categorization for ethnicity was very broad. 

This study examined the four major ethnic groups; however, there is substantial 

variation within each group. For example, not all Hispanic Americans come from 

the same historical or cultural background. Conceivably, some of the lack in 

findings for Hispanic Americans and Asian Americans could because this study 

grouped everyone together when the groups are not homogenous. Future studies 

should continue to examine how these associations vary across and within groups 

especially for Hispanic American and Asian American girls.  
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 SES is a complex concept that is designed from various indicators of 

social and economic standing. In this study I used two indicators of SES, income 

and parent education. Future studies should examine these indicators of SES 

separately and combined with other predictors of puberty because they might 

have different effects on the timing of pubertal maturation across ethnic groups. 

Recent studies have highlighted the complexities of these relations. Specifically, 

Deardorff et al. (2010) found interactions between income, father absence, and 

ethnicity. For example, father absence was a significant predictor for pubertal 

onset but only for high income African American families. Given the intricacy of 

these relations future studies will want to examine how puberty (andrenarche, 

secondary sexual characteristics, menarche, and perception of timing) varies by 

SES and ethnicity, and how these variables might interact with one another.  

Conclusion 

This study offers several contributions to literature on pubertal maturation. 

This study highlights the importance of investigating pubertal maturation and SES 

in various ethnic groups. Given the consistent results between early development 

and subsequent maladjustment, future studies need to explore these complex 

relations more in depth across ethnic groups (Billy, Brewster & Grady, 1994; 

Bingham, Miller, & Adams, 1990; Dick et al., 1997). The present study provided 

partial support for an evolutionary model of pubertal development. On one hand, 

parent education and father absence were significant predictors of early puberty. 

However, indicators of parenting were not significantly related to puberty, despite 

the consistency of findings in previous studies (Belsky et al., 2007; Ellis & Essex, 
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2007; Ellis & Garber, 2000; Garber, Brooks-Gunn, &Warren, 1995; Moffitt et al., 

1992; Tither & Ellis, 2008). By examining these relations across as well as within 

groups, complex associations were revealed. Future research will want to continue 

to examine and parcel out these patterns.  
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Study 2: Trajectories of Sexual Risk and Pregnancy for 

Early Developing Girls 

Literature Review 

Puberty is the most salient marker of adolescent development. During this 

period of development, there is a transition from a biologically non-reproductive, 

infertile child to an individual who is capable of reproduction. While the sequence 

of physical changes related to puberty is predictable, the timing of these changes 

varies (Belsky, Steinberg, Houts, Friedman, DeHart, Cauffman et al., 2007). It has 

been well established in the literature that girls who enter puberty early are at 

increased risk for a variety of adverse outcomes including depression, 

delinquency, early substance use, and early sexual behavior (Belsky et al., 2007; 

Billy, Brewster & Grady, 1994; Deardorff et al., 2005; Hayward et al., 1997; 

Romans, Martin, Gendall & Herbison, 2003). Additionally, the developmental 

processes for boys and girls are different; thus, the antecedents and outcomes of 

early puberty are unique for girls (Belsky et al., 2007). Because these outcomes 

are far less consistent for boys and have generally negative outcomes for girls, 

this study focuses on girls’ early pubertal development. 

Belsky, Steinberg, and Draper (1991) hypothesize that the early 

environmental context contributes to girls’ reproductive strategy. That is, early 

puberty is an adaptive, biological response to a stressful environmental context in 

childhood. Specifically, girls who grow up in an unfavorable environment will 

increase their reproductive success by physically maturing at an earlier age. 

Meaning, that individuals are matched with their environments to promote 
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survival and reproduction. By maturing earlier, girls begin sexual activity at an 

earlier age and facilitate reproduction. Although this may be biologically 

adaptive, it can also present risks for the developing adolescent girl. Early puberty 

has been shown to be particularly problematic for girls and is associated with a 

number of negative physical, emotional, and behavioral outcomes such as, early 

sexual debut, as well as early and unintended pregnancies (Billy, Brewster & 

Grady, 1994; Dick, Rose, Viken & Kaprio, 2000; Stattin & Magnusson, 1990).  

Of all the outcomes that have been investigated, there has been particular 

interest in the sexual behavior of early developing girls. Early maturation 

increases the odds of early sexual debut, which itself is associated with engaging 

in risky sexual behavior such as inconsistent or incorrect condom use, multiple 

casual sexual partners, intercourse after drinking or using drugs, and intercourse 

with partners who have sexually transmitted infections (STIs; Boyer, Pollack, 

Becnel, & Shafer, 2008; Downing & Bellis, 2009; Phinny, Jensen, Olsen, & 

Cundick, 1990). Moreover, risky sexual behavior increases individual’s risk of 

unintended or unwanted pregnancies (Dunbar, Sheeder, Lezotte, Dabelea, & 

Stevens-Simons, 2006; Waylen & Wolke, 2004). In terms of evolutionary theory, 

early maturation is adaptive because adverse environments signal that there are 

limited resources which increase the likelihood of having offspring that will 

survive and reproduce. In contrast, supportive environments delay sexual 

maturation in order to benefit from an extended period of development in which 

girls will have time to develop socio-competitive skills and resources necessary 

for successful competition in mating (Belsky, Steinberg, & Draper, 1991).   



43 

 

Although there are numerous studies showing that early puberty is 

associated with sexual risk (Downing & Bellis, 2009; Dunbar et al., 2006; Stattin 

& Magnusson, 1990; Waylen & Wolke, 2004), the question remains whether 

higher sexual risk, acquisition of STIs, and unwanted pregnancies continues into 

emerging adulthood particularly in relation to pubertal development. Additionally, 

it is unknown how the trajectories of risk vary by ethnicity.
2
 This information 

could aid in prevention efforts. Using data from the National Longitudinal Study 

of Adolescent Health (Add Health), this study will examine the role of pubertal 

timing in longitudinal changes in sexual risk, acquisition of a STI, and 

pregnancies from early adolescence to young adulthood in girls. Moreover, this 

study will examine whether these trajectories vary by ethnicity using the four 

largest ethnic groups in the United States: European American, African American, 

Hispanic American, and Asian American (U.S. Census Bureau. 2001).   

This study adds to the current body of literature by using a diverse sample 

of American girls. Typically, studies of sexuality, and especially studies of STIs 

and pregnancy, use clinic samples of girls who are seeking health care. Add 

Health is a nationally representative sample of girls who are not uniformally 

seeking health care. Additionally, this study uses a three wave longitudinal study 

and information on multiple dimensions of sexual risk to explore how ethnicity 

and puberty predict these outcomes.  

 

 

                                                 
2
 Some studies choose to use the term race, however, here I will be using the term ethnicity when 

discussing differences. 
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Effect of Puberty on Sexual Risk and Pregnancy  

Belsky, Steinberg, and Draper (1991) hypothesized that the processes that 

accelerate puberty are part of a reproductive strategy. That is, early maturation 

encourages the early onset of sexual activity in the name of procreation. The onset 

of sexual activity is strongly linked to biological development; girls who mature 

early will initiate sexual intercourse at a younger age (Cavanagh, 2004; Stattin & 

Magnusson, 1990). The hormonal changes associated with puberty increase 

adolescents’ sex drive, interest in sex, and level of arousal when exposed to 

sexual stimuli (Smith, Udry, & Morris, 1985). It might seem strange to conclude 

that early pubertal development leads to early pregnancy, especially given the 

availability and accessibility of contraceptives. However, young girls who enter 

puberty early are often cognitively unprepared for sexual activity. Early 

developing girls have a shorter length of time to acquire and strengthen coping 

skills (Ge, Conger, & Elder, 1996; Siegel, Aneshensel, Taub, Cantwell, & 

Driscoll, 1998). Moreover, these young girls may be too immature to deal 

effectively with the social sexual expectations from others, such as teenage boys, 

that are associated with physical maturation (Siegel et al., 1998).  

There have been numerous studies linking early pubertal development 

with early sexual debut (Cavanagh, 2004; Stattin & Magnusson, 1990). Less 

frequently studied are the associations between early puberty and sexual risk, 

acquisition of STIs, and pregnancy. From the few studies that have examined 

these associations, all have found that girls who enter puberty early are at risk for 

getting pregnant at earlier ages compared to girls who mature later (Deardorff, 
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Conzales, Christopher, Roosa, & Millsap, 2005; Dunbar et al., 2008). 

Additionally, girls who perceive themselves to have more advanced physical 

maturity, as compared to their same aged peers, use condoms less, have a greater 

number of sexual partners, and engage in sexual intercourse while under the 

influence of alcohol or other drugs (Alan Guttmacher Institute, 2009; Halpern, 

Kaestle, & Hallfors, 2007; Moore, Miller, Glei, & Morrison, 1995). Related 

findings exist in the research on early sexual debut and other sexually risky 

behaviors. Specifically, girls who engage in early sexual intercourse (i.e., before 

16 years of age) have more sexual partners, older sexual partners, and more 

frequent intercourse (Moore, Miller, Glei, & Morrison, 1995). In summary, young 

adolescent girls who enter puberty early are at increased risk for a variety of 

adverse sexual outcomes. The present study attempts to further this research by 

including multiple ethnic groups and examining behaviors over time. 

Pubertal Development among Ethnic Groups  

 Perhaps one of the most significant stratifiers in American society is 

ethnicity. Girls’ ethnicity is not only related to their physical traits but also the 

social group to which they belong. Individuals’ social membership has a 

significant impact on their development (Johnson, Jaeger, Randolph, Cauce, 

Ward, & NICHD Early Child Care Research Network, 2003). Although ethnicity 

impacts individual development, few studies have examined how ethnicity alters 

the relations between pubertal development and sexually risky behavior, 

acquisition of STIs, and pregnancy. However, the literature on how girls’ 

experience puberty suggests that there may be ethnic differences. Among the 
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studies reviewed, Hispanic American and European American girls react more 

negatively to the physical changes at puberty than African Americans (Brumberg, 

1997; Ge, Elder, Regnerus, & Cox, 2001; Milkie, 1999). African Americans seem 

more resilient; they are less likely to hold negative self-perceptions about puberty 

(O’Sullivan, Meyer-Bahlburg, & Watkins, 2000).  

 Additionally, there are ethnic differences in the timing of menarche and 

sexual debut. African Americans and Hispanic Americans reach menarche earlier 

(Chumlea, Schubert, Roche, Kulin, Lee, Himes et al., 2003; Herman-Giddens, 

Slora, Wasserman, Bourdony, Bhapkar, Kock, et al., 1997; Wu, Mendola, & 

Buck, 2002) and transition to being sexually active earlier than European 

Americans (Cavanagh, 2004; Miller, Norton, Curtis, Hill, Schvanevedt, & Young, 

1997; Upchurch, Levy-Storms, Sucoff, & Aneshensel, 1998). Evidence from 

China suggests that Asian American girls have the latest pubertal timing (Hin, 

Chen, Su, Zhu, Xing, & LiJ-Y, 1992), and studies from the United States suggest 

that Asian Americans have the latest sexual debut compared to other ethnicities 

(Upchurch et al., 1998).  

Furthermore, African Americans and Hispanic Americans are less likely to 

use condoms during their first sexual intercourse than European Americans 

(Gibbs, 1998). This indicates that early intercourse has potentially different 

implications for the lives of African American and Hispanic American girls. 

Moreover, African Americans and Hispanic Americans adolescents have higher 

rates of fertility and higher rates of STIs (Centers for Disease Control, 2009; 

Hamilton, Sutton, & Ventura, 2003).There are also ethnic differences in minority 
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adolescents’ beliefs about pregnancy and sexuality. For example, Hispanic 

American girls have the youngest desired age for first birth, and African 

American girls the youngest desired age for first sexual intercourse (East, 1998). 

This may be due, in part, to each group’s differing social context and the 

prescribed norms of that context.  

 Researchers have often explored the association between puberty and 

sexual behavior for European American and African American adolescent girls, 

however, these relations have rarely been explored for Hispanic American girls 

and never explored for Asian American girls. Given the ethnic differences in 

pubertal timing, sexually risky behaviors, and fertility, there is evidence to 

suggest that ethnicity contributes to differences in the links among these variables. 

In the general literature on ethnicity, Hispanic American girls tend to fall between 

European Americans and African Americans on sexually related behaviors and 

perceptions (e.g., sexual debut and desired age at first birth), and the same is 

likely true here. For example, although Hispanic American girls have the earlier 

expectations of first birth and the higher adolescent fertility rates, they also 

possess strong family and community ties that might lessen the impact of early 

puberty (Center for Disease Control and Prevention, 2000; East, 1998).  

The Present Study 

 The current study sought to examine the trajectories of sexual risk, 

acquisition of STIs, and unwanted pregnancy based on girls pubertal timing. A 

second goal of this study was to examine how these trajectories vary by ethnicity 

by using the four largest ethnic groups in the United States: European American, 
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African American, Hispanic American, and Asian American (U.S. Census 

Bureau. 2001). The hypotheses tested in this study were that: (a) early pubertal 

development predicted higher initial levels (i.e., intercept) of sexual risk, STIs and 

unwanted pregnancies within each ethnic group and, (b) early pubertal timing 

predicted increases of sexually risky behaviors over time (i.e., slope) within each 

ethnic group.  Participants’ Body Mass Index (BMI) was used as a control in all 

analyses because increased body fat has been associated with pubertal changes 

(Halpern, King, Oslak, & Udry, 2005; Kaplowitz, Slora, Wasserman, Pedlow, & 

Herman-Giddens, 2001). Additionally, parent education, mother warmth, and 

problem behavior were used as controls because these indicators have been 

associated with both girls’ pubertal development and sexually risky behaviors in 

adolescence (Deardorff, Ekwaru, Kushi, Ellis, Greenspan, Mirabedi et al., 2010; 

Shrier, Emans, Woods, & Durant, 1997). 

Method 

Participants and Procedure  

 Data in this study came from Add Health, a representative sample of 

adolescents in 7
th

 through 12
th

 grade. Add Health is a multistage, stratified, school 

based sampling design (see Bearman, Jones, & Udry, 1997; Harris, Florey, Tabor, 

Bearman, Jones, & Udry, 2003). Add Health began with a school sample 

comprised of more than 90,000 students from 134 schools across the United 

States. These data were collected in the 1994-1995 school year. All of the 

students who completed the in-school survey were eligible for an in depth survey 

in the home. More than 20,000 adolescents were selected to complete the in-home 
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survey in 1995 (Wave I). About 15,000 respondents in the in-home sample were 

re-interviewed in 1996 (Wave II). A third wave (Wave III) interviewed more than 

14,000 students in 2001-2002. Data for each of the three waves were collected by 

an interviewer using a Computer Assisted Personal Interview. Information on 

pubertal development, sexually risky behavior, STIs, pregnancy, and ethnicity 

were collected from adolescents. 

Of the 7,816 adolescent girls who participated in all three waves of data 

collection, two selection criteria were used to obtain the current sample. First, 

because this study was designed to examine the effects of pubertal timing, only 

adolescent girls between the ages of 12 and 16 at Wave I who provided 

information on pubertal timing were included (n = 2,828 dropped). The sample 

was restricted to early adolescence in order to retain variability in the pubertal 

timing measure as most adolescents have completed puberty by age 16. Second, 

the sample was then restricted to adolescents who identified as European 

American, African American, Hispanic American, and Asian American at Wave I 

(n = 704 dropped). Girls who identified as (a) American Indian or Native 

American, (b) other, or (c) marked multiple ethnicities were excluded. As a result, 

this study is based on 4,011 adolescent girls. The mean age for Wave I, II, and III 

was 14.53 (SD = 1.22), 15.46 (SD = 1.26), and 20.90 (SD = 1.29), respectively.  

The sample contained 2,517 (63%) European American, 993 (25%) African 

American, 277 (7%) Hispanic American, and 223 (5%) Asian Americans. 
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Measures 

Sexual risk behavior. A 3- item composite sexual risk behavior score was 

created to reflect the study participants’ overall level of risk (Boyer et al., 2008). 

The items included the number of sexual partners, frequency of condom use (1 = 

none of the time; 4 = all of the time), and sexual intercourse under the influence of 

alcohol or drugs (0 = never; 4 = 5 or more times). Responses to each item were 

rescaled to range from 0 to 3 and recoded so that higher scores indicated elevated 

risk (Table 8; see Appendix B). The sexual risk behavior score is the sum of the 

rescaled scores (Table 10; see Appendix B).  

STIs. The Add Health data set assessed whether an adolescent girl had 

ever had any of the following STIs. Girls self-reported if a doctor had ever told 

them that they had (a) Chlamydia, (b) syphilis, (c) gonorrhea, (d) HIV or AIDS, 

(e) genital herpes, (f) genital warts, (g) trichomoniasis, (h) bacterial vaginosis, and 

(i) non-gonococcal vaginitis. The score was the sum of the number of STIs 

reported.   

 Pregnancy. Girls self-reported the number of times they had been 

pregnant.  

Pubertal timing. Girls self-reported their age at menarche. This served as 

a proxy for early pubertal development as it is the most commonly used measure 

of pubertal development (Caspi, Lynam, Moffit, & Silva, 1993; Graber, Petersen, 

& Brooks-Gunn, 1996; Stattin & Magnusson, 1990). Age at menarche, measured 

in whole years, was used to construct a binary variable indicating if girls were 

early (1) or on-time and late (0). Girls whose period had not arrived at the time of 
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the assessment were coded as zero, an indication for late pubertal development. 

Early developing girls were those who reached menarche before age 12 (29% of 

the sample). 

Ethnicity. Dummy variables for European American, African American, 

Hispanic American, and Asian American were created from adolescents’ 

responses at Wave I. Adolescents could report more than one race category but 

most only marked one. Those who marked multiple categories were coded 

according to the category they felt best described their racial background. 

Hispanic American ethnicity was based on the answer to the question “Are you of 

Hispanic or Latino origin?” Those who reported being Hispanic were coded as 

Hispanic regardless of race.   

Age. Girl’s age in years was calculated from their birth date and the date 

of the interview.  

Controls. When examining pubertal development and sexually risky 

behaviors, it is important to control for BMI, parent education, mother warmth, 

and problem behavior as all have been associated with the constructs of interest. 

BMI was computed using adolescent self-reported weight in pounds and was 

divided by squared height in inches and multiplied by 703 (Center for Disease 

Control and Prevention, 2003). Parent education was created by taking the highest 

level of education from mothers or fathers (0 = did not graduate from high 

school; 4 = professional degree). Adolescents reported their mother’s level of 

warmth using a 5-item scale with higher scores meaning higher levels of warmth 

(α = .86). Problem behavior was assessed using 7 items including (a) smoked 
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cigarettes; (b) drank beer, wine, or liquor; (c) got drunk; (d) raced on a bike, on a 

skateboard or roller blades, or in a boat or car; (e) did something dangerous 

because he or she was dared to; (f) lied to his or her parents or guardians; and (g) 

skipped school without an excuse (0 = never, 6 = nearly everyday; α = .75). 

Plan of Analysis 

Using Age Instead of Wave 

Typically, researchers who are interested in changes over time analyze 

data of people who are roughly the same age across multiple waves of data 

collection. However, there were considerable age variations within each wave 

because of the design of Add Health. In this study, data from Add Health 

consisted of adolescents aged between 12 and 16 years in Wave I who became 13 

to 19 years in Wave II and 18 to 23 years in Wave III (Table 9; see Appendix B). 

Hence, Add Health is a cohort sequential design which is also known as an 

accelerated longitudinal design (Singer & Willett, 2003). This type of design is 

advantageous because cross sectional designs are prone to history effects, and 

longitudinal designs can be compromised by the repeated measurement of the 

same individuals.  

Using wave instead of age for analysis in a cohort sequential or 

accelerated longitudinal design presents some methodological problems 

(Natsuaki, Biehl, & Ge, 2009). First, using wave ignores the substantial range of 

age variations. This becomes problematic when investigators interests are age 

sensitive or focused on development. Second, in Add Health, adolescents were 
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assessed at different points in time within a single wave. Thus, the ages at 

assessment vary markedly and analyzing by wave would ignore these variations. 

Alternatively, one can analyze Add Health data using age at assessment. 

Add Health data consisted of limited repeated measures of several cohorts with 

overlapping measurements. That is, a long-term longitudinal study can be 

approximated by conducting several short term longitudinal studies of different 

age cohorts (Duncan, Duncan, & Hops, 1996). Several researchers have shown 

that using age instead of wave can correctly recover growth curves generated in 

the usual longitudinal design with one cohort (Duncan et al., 1996; Miyazaki & 

Raudenbush, 2000). Because I was interested in exploring trajectories of sexual 

outcomes from a developmental perspective, I used chronological age (rather than 

wave of data collection) to measure time in this analysis. As a result, the present 

study covers development from the ages of 12 to 23 years.  

Hypothesis Testing 

The purpose of the present study was to examine the change in sexual risk, 

acquisition of STIs, and unintended or unwanted pregnancies among early 

maturing girls into adulthood using growth curves. Additionally, the present study 

sought to examine whether puberty predicted the starting point and change in 

these outcomes within each ethnicity using the four largest groups in the United 

States: European American, African American, Hispanic American, and Asian 

American. The growth curves were estimated in MPlus version 5 using poisson 

models because the outcomes were count indicators (Muthén & Muthén, 1998-

2004). 
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Before testing the hypotheses, it should be noted that traditional measures 

of fit (e.g., X
2
, comparative fit index, and root mean square error of 

approximation) to evaluate growth curves cannot be used due to Add Health’s 

design. Because Add Health is a cohort sequential or accelerated longitudinal 

design, the variance-covariance matrix of sexual outcomes for this dataset is 

incomplete as there are covariances that are missing. For example, respondents 

who were in the 12
th

 grade at Wave I were not interviewed at Wave II.  Given that 

the matrix is incomplete, structural equation modeling programs are unable to 

produce model fit indices except for the X
2
. If model fit indices are not available, 

researchers suggest using the change in chi-square (Bollen & Curran, 2006). In 

the current study, all indictors of sexually risky behavior are count variables. 

Count variables do not provide X
2
 but do provide log likelihoods. Comparisons 

across models were based on the likelihood ratio test (i.e., -2 times the likelihood 

ratio difference; -2LL; Bollen & Curran, 2006) which is distributed as a X
2
 

statistic, with degrees of freedom equal to the differences in degrees of freedom 

between the models compared.  

Preliminary analyses were first conducted to examine patterns of missing 

data. To handle missing data, Full Information Maximum Likelihood (FIML) was 

used so that cases of missing data would be included.  

Unconditional models. Before testing the hypotheses, a series of 

unconditional models were run to examine the trajectories of sexual outcomes to 

determine the appropriate trajectory across time. Separate models were run for 

sexual risk behavior, STIs, and pregnancies by ethnic group. The likelihood ratio 
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test, which is distributed as a X
2
 was computed for the four unconditional models. 

In the first model, only the intercept mean was estimated. In the second model, 

the intercept variance was also estimated. In the third model, the linear slope 

mean and variance were also estimated. Finally, in the fourth model, the quadratic 

slope mean and variance were also estimated. To find the appropriate trajectory 

for each sexual outcome, the change in log likelihood
 
between each model was 

examined. If the change between model 1 and model 2 was significant, then the 

model had a better fit when estimating the individual differences in the intercept 

compared to only the intercept mean. If the change between model 2 and model 3 

was significant, then there was a linear change in the outcome. If there was a 

significant difference between model 3 and 4, then there was some curvature to 

the change over time in the outcome.  

Conditional models. To test the hypotheses that the effect of pubertal 

timing on sexual outcomes would persist into young adulthood, latent growth 

curves were estimated using poisson models. The difference between these 

models and the previous ones was that pubertal timing was included in these 

models as a predictor. Separate models were run for each ethnic group and for 

sexual risk composite score, number of STIs acquired, and number of 

pregnancies. Additionally, BMI, parent education, mother warmth, and problem 

behavior were included as control variables to predict each growth curve as each 

has been shown to be related to pubertal timing and sexual behaviors (Halpern et 

al., 2005; Kaplowitz et al., 2001).  
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Results 

Preliminary Analyses 

The means, standard deviations and correlations for European Americans 

and African Americans are reported in Table 10 and Hispanic American and 

Asian American in Table 11 (see Appendix B). Puberty was positively associated 

with Wave 1 sexual risk [r(2517) = .08, p < .001], Wave 2 sexual risk [r(2517) = 

.06, p < .01], Wave 1 sexual risk [r(2517) = .05, p < .05], Wave 1 pregnancies 

[r(2517) = .04, p < .05], Wave 2 pregnancies [r(2517) = .06, p < .01], and Wave 3 

pregnancies [r(2517) = .11, p < .01] for European Americans. That is, earlier 

pubertal development was associated with higher sexual risk, more STIs, and 

more pregnancies. For African Americans, puberty as not associated with sexual 

risk, STIs, and pregnancy at any wave [r’s = .01-.04, ns.]. Pubertal development 

was not associated with sexual risk, STIs, or pregnancy at any wave for Hispanic 

Americans [r’s = .00-.10, ns.]. For Asian Americans, there was one significant 

correlation between puberty and Wave 3 STIs [r(223) = .17, p < .01]. Meaning, 

earlier pubertal maturation was associated with higher STIs at Wave 3. All other 

variables were not associated with pubertal development [r’s = .04-.12, ns.]. 

These correlations are small but statistically significant, likely because of the 

large sample size. 

Hypothesis Testing: Growth Curves 

One goal of this study was to test differences between ethnic groups. 

However, I was unable to conduct these tests. As noted below, the trajectories for 

each outcome were different for each ethnic group.  For example, European 
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Americans, African Americans, and Hispanic Americans had the best fitting 

model when the linear slope was estimated. However, the best fitting model for 

Asian Americans did not contain a linear slope. Because the trajectories for each 

group did not include the same terms, comparing across them would create results 

that were not interpretable (Muthen, 2006).  These results preclude the use of 

across group comparisons. As a result, all analyses are organized by ethnic group 

rather than outcome.   

Unconditional models. For all outcomes in each ethnic group, there was 

no variability in ages 12 and 13 so the data were dropped from all models. 

Additionally, age 18 had very few observations, thus, it was dropped from the 

models. Separate models were run for each ethnic group and outcome (Tables 12-

15; see Appendix B). Referring to Table 12 (see Appendix B), model 1 estimates 

the intercept mean only, model 2 also includes the intercept variance, model 3 

includes the parameters from model 2 and the linear slope mean and variance, and 

model 4 the parameters from model 3 and the quadratic mean and variance. Any 

of the indicators that evidenced significant variance were predicted by puberty 

and the control variables in the conditional models. Graphs for each ethnic group 

are presented in Figures 3-6.  

Table 12 (see Appendix B) and Figure 3 show the results of the 

unconditional models for European Americans. For sexual risk behavior and 

pregnancy, the best fitting model was one that included the linear slope mean and 

variance (Model 3 Table 12). In contrast, the best fitting model for STIs was one 

in which the quadratic change over time was also estimated. As shown in Figure 
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3, all outcomes increased overtime. However, the increase for STIs leveled off 

over time as indicated by the significant negative quadratic term.  The variance 

estimates suggest there was significant individual variability in the intercept for 

all three outcomes. Sexual risk was the only outcome that had a significant slope 

variance indicating that there were significant individual differences in the change 

from 14 to 23 years. 

The results for the unconditional models for African Americans are 

reported in Table 13 (see Appendix B). For both STIs and pregnancy, the best 

fitting model included the linear slope mean and variance. The best fitting model 

for sexual risk indicated that there was some curvature in the change overtime. As 

shown in Figure 4, the increases in sexual risk leveled off over time. For all 

outcomes, the intercept variance was significant meaning that there was 

significant individual variability in the intercept. For sexual risk, but not for STIs 

or pregnancy, the slope variance was statistically significant indicating that there 

were individual differences in change from 14 to 23 years.  

Table 14 (see Appendix B) reports the unconditional models for Hispanic 

Americans. For sexual risk and pregnancy, the linear slope mean and variance had 

the best fitting model, indicating a linear growth from 14 to 23 years. For STIs, 

there was no significant improvement with the addition of the linear slope. Thus, 

the model fit best with only the intercept and intercept variance. As shown in 

Figure 5, there was significant increases overtime for sexual risk and pregnancy 

but not for STIs. The intercept variance was significant for both sexual risk and 

STIs meaning that there was individual variability in the intercept. Sexual risk 
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was the only model in which the slope variance was significant indicating that 

there were individual differences in change from 14 to 23 years.  

 Results for Asian American girls are reported in Table 15 (see Appendix 

B). The trajectories were different for each outcome. For sexual risk, the best 

fitting model included the linear slope mean and variance. These results indicate 

that there were significant increases in sexual risk overtime for Asian Americans. 

The intercept variance and slope variance were significant. Meaning that, there 

were individual differences in the intercept and change over time. However, the 

best model for STIs and pregnancy only included the intercept mean and the 

intercept mean and variance, respectively. Referring to Figure 6, there was no 

linear change for STIs and pregnancy. However; there was a linear change for 

sexual risk.  

Conditional models. In the next step of the analysis, growth models were 

run using puberty to predict the intercepts and slopes for sexual risk, STIs, and 

pregnancies within each ethnic group. In all models, BMI, parent education, 

mother warmth, and problem behavior were used as control variables as they have 

been shown to influence puberty (Halpern et al., 2005). Puberty was treated as a 

time-invariant characteristic of the adolescent because puberty was assessed at the 

first Wave of data. Table 16 (see Appendix B) shows the models with puberty 

predicting the intercept and slope for each of the sexual outcomes by ethnic 

group.  

For European Americans, puberty predicted the intercept and slope for all 

three outcomes (Table 16; see Appendix B). As shown in Figure 7, early 
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developing girls had higher initial rates of sexual risk, STIs, and pregnancy 

compared to on-time and late developing girls. For sexual risk, the effect of 

puberty on the slope was significant and negative, suggesting that early 

developing girls had a slower increase over time than on-time or late developing 

girls. For STIs and pregnancy, puberty did not predict the slope.   

For African Americans, puberty predicted the trajectories for sexual risk 

and pregnancy (Table 16; see Appendix B). As shown in Figure 8, early 

developing African American girls had higher initial rates of sexual risk and 

pregnancy. Puberty had a significant and negative effect on the slope, meaning 

that early developing girls had slower increases over time compared to on-time or 

late developing girls (Figure 8). However, there was no significant effect for 

puberty on the slope for pregnancy. Additionally, there was no effect of puberty 

on the intercept or slope for STIs.  

In the models examining sexual outcomes for Hispanic Americans, there 

was no significant effect of puberty on the intercept or slope for sexual risk (Table 

16; see Appendix B). Additionally, there was no significant effect of puberty on 

the intercept for STIs. Because Hispanic Americans had no significant variation in 

the intercept for pregnancy, a conditional model was not estimated. 

For Asian Americans, there was no significant effect of puberty on the 

intercept or slope for sexual risk (Table 16; see Appendix B). Conditional models 

were not run for STIs and pregnancy because there was no significant variation in 

the intercept for Asian Americans.   
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Discussion 

  Extant research has examined the role of early puberty in maladjustment 

among adolescents with special attention paid to sexual behavior. Evolutionary 

theory suggests that early environmental contexts contribute to girls’ reproductive 

strategy (Belsky, Steinberg, & Draper, 1991; Ellis, 2004). That is, early stressful 

environments tend to accelerate pubertal timing to increase a girl’s chances of 

reproductive success. Specifically, that early pubertal development would lead to 

an early sexual debut which, in turn, leads to higher sexual risk and subsequent 

pregnancies. Many studies have examined the association between early puberty 

and early sexual debut (Deardorff et al., 2005; James, Ellis, Schlomer, & Garber, 

2012); however, few have investigated whether early puberty also leads to sexual 

risk taking, STIs, and early pregnancy. Additionally, to date, no studies have 

examined if girls who enter puberty early stay at increased risk into adulthood. 

Thus, the primary purpose of this investigation was to examine the role of puberty 

in the change in girls’ sexual risk, acquisition of STIs, and pregnancies over time. 

Specifically, there were two goals to this study: (a) to examine if early pubertal 

development predicted higher initial levels (i.e., intercept) of sexual risk, STIs and 

pregnancies, and (b) to examine if early pubertal development predicted change 

over time (i.e., slope).  

Puberty and Sexual Behavior 

In regards to the first goal, this study found that early pubertal 

development, relative to on time and later pubertal development, was associated 

with higher initial levels of sexual risk, number of pregnancies, and STIs for 



62 

 

European Americans, as well as sexual risk and pregnancies for African 

Americans. This is consistent with previous research that has found relations 

between early pubertal maturation and sexual risk and early pregnancies 

(Deardorff et al., 2005; Downing & Bellis, 2009; Dunbar et al., 2006; Waylen & 

Wolke, 2004). 

One problem with much of the research on sexual behavior in adolescence 

is that most studies are cross sectional or they are longitudinal studies that only 

use two time points (Belsky et al., 2010; James et al., 2012). Although few studies 

have examined early sexual maturation and sexual behavior, no studies have 

examined if higher risk associated with early pubertal development extends into 

adulthood. In this study, trajectories were modeled from 14 to 23 years of age. As 

a result, the second goal of this study was to examine if early developing girls 

continue to have greater sexual risk behavior into adulthood. Findings from this 

study partially supported this proposition. Specifically, early pubertal 

development predicted higher initial levels (i.e., the intercept), but did not predict 

accelerated increases over time consistently (i.e., slope) for European and African 

American girls. For sexual risk score, there was a significant negative effect of 

puberty on the slope; however, puberty did not predict the slope for pregnancy or 

STIs. This pattern suggests that girls who experienced puberty early were at 

elevated risk overtime because of their initial risk. 

As adolescents enter puberty they experience hormonal changes that 

increase sex drive and interest in the opposite sex (Smith, Udry, & Morris, 1985; 

Talbert & Morris, 1986). This, in turn, leads to early sexual debut and 
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subsequently elevated sexual risk. The current findings supported these notions. 

Early developing girls are especially vulnerable because they may not have the 

social and psychological resources to translate knowledge about risks into action 

or to understand the consequences of risky sexual behavior (Steinberg, 2007). 

Thus, early maturation increases the likelihood of early sexual debut, which in 

turn, has been associated with inconsistent condom use, multiple sexual partners, 

intercourse after drinking or using drugs, and unwanted pregnancies (Boyer et al., 

2008; Downing & Bellis, 2009; Dunbar et al., 2006; Waylen & Wolke, 2004).  

In terms of change over time, the results of the present study did not 

support an evolutionary approach. The number of pregnancies increased over time 

for all girls. Evolutionary theory asserts that early maturing girls engage in riskier 

sexual behaviors as part of a reproductive strategy to increase the likelihood of 

bearing children. Meaning that, for girls, early maturation is meant to increase the 

likelihood of reproduction at an early age. However, according to this approach, 

girls would have a greater number of children in order to increase the likelihood 

of offspring survival. This suggests that pregnancy should increase for early 

developing girls. Instead, early developing girls slope increased at the same rate 

as on-time and late developing girls. One reason that we do not see an 

accelerating effect is that the highest risk of unintended pregnancy occurs among 

women 20 to 25 (Finer, 2011; National Health Statistics Reports, 2012). Early 

puberty predicts initial levels of pregnancy, as it has in multiple studies, but that 

as teens enter into early adulthood the risk is equal across all pubertal groups 

causing the slopes to be the same.   
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In contrast to pregnancy, early developing European and African 

American girls’ sexual risk increased at a slower rate than on-time or late girls. 

There are two possible explanations for the results in this study. First, as girls age, 

they are able to acquire more cognitive skills to buffer some of the negative 

effects of early puberty. Higher cognitive maturity may enable girls to better 

understand the consequences of infrequent condom use and sexual intercourse 

after drugs or alcohol (Steinberg, 2007). This possible explanation is consistent 

with other studies that have found sexual risk levels off as youth move into 

adulthood (Fergus, Zimmerman, & Caldwell, 2007). Fergus et al. (2007) 

suggested that development of better decision making skills or the development of 

longer-term monogamous partnerships might be responsible for the decrease in 

sexual risk overtime. Additionally, experience with STIs or pregnancy might alter 

sexual risk. Those get pregnant or acquire an STI might alter their future 

behavior. However, the cognitive gains do not seem to be enough to completely 

diminish the risk created by early maturation as sexual risk was still higher for 

early developing girls.  

Second, the decrease may reflect the combination of indictors that make 

up the sexual risk score. In this study, the sexual risk score was created using the 

number of sexual partners, frequency of condom use, and sexual intercourse after 

the influence of drugs or alcohol.  Perhaps if each of these were modeled 

separately, the number of sexual partners might increase with other indicators 

decreasing. This would be consistent with other studies that have found that 

overall sexual risk decreased into adulthood even though the frequency of sexual 
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intercourse was increasing and condom use decreasing (Fergus, Zimmerman, 

Caldwell, 2007; Grunbaum, Kann, Kinchen et al., 2004).  

One advantage of this study was that sexual risk and pregnancies were 

examined separately. The only study to examine the relations between pubertal 

development and sexual risk used a measure of risk that combined number of 

sexual partners, STI diagnosis, and ever been pregnant (Belsky et al., 2010). The 

current study is one of the first to link earlier timing of puberty, pregnancy and 

other sexual risk behaviors separately. When studies group pregnancies, STIs, and 

other risk behaviors together it is difficult to interpret results because you 

confound timing variables (i.e., first pregnancy) and risk variables (i.e., number of 

sexual partners). Results from this study suggest that puberty has differing effects 

on these outcomes. Future studies should examine measures of sexual risk 

separately to investigate if early puberty is only related to indicators of mating 

and parenting, as evolutionary theory asserts, or more general indicators of sexual 

risk.  

Within Group Ethnic Differences 

Above and beyond the findings from the primary goals, some interesting 

findings emerged in regards to the within group differences. One of the most 

interesting findings was that the trajectories were different for each group. For 

example, European Americans, African Americans, and Hispanic Americans had 

similar trajectories for pregnancy; model fit was improved when the linear slope 

was estimated. For Asian Americans, the model fit best when only the intercept 

variance was estimated. Within European and African Americans, early puberty 
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predicted a higher initial sexual risk; however, early developing girls experienced 

deceleration over time whereas on-time or late developing girls experienced 

steady increases over time (with no slowing). Additionally, early developing 

European and African American girls had higher initial number of pregnancies 

and that risk continued into adulthood. This study provides partial support for the 

evolutionary perspective. Early puberty predicted the intercept and slope for both 

European and African Americans.  

Evolutionary theory would suggest that the same pattern of results should 

also emerge for Hispanic and Asian Americans; however, this was not the case in 

this study. Surprisingly, puberty did not predict the intercept or slope for any 

outcomes within Hispanic American and Asian American girls. Furthermore, 

Hispanic and Asian Americans had little within group variability. These results 

are consistent with previous research that suggests Hispanic American girls have 

the longest interval between first intercourse and use of contraceptives, are less 

likely to use contraceptives, are generally less informed about sex, and have one 

of the highest teen pregnancy rates (Deardorff et al., 2010; Raffaelli & Ontai, 

2001).  

There are two possible explanations for the findings regarding Hispanic 

Americans. First, perhaps there are cultural values that buffer the effect of puberty 

on initiation of sexual activity. For example, Hispanic Americans report higher 

levels of parental respect and familism (sense of obligation to family and 

connectedness with family) than other ethnic groups (Wahl & Eitle, 2010). 

Additionally, Hispanic Americans are more likely to live in multigenerational 
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homes with strong family and community ties which may be protective for sexual 

risk (Cohen & Casper, 2002; East, 1998; Taylor et al., 2010). Likewise, Hispanic 

American girls with strong Hispanic cultural orientations place a high value on 

sexual virtue which is associated with fewer sexual partners (Deardorff et al., 

2010). Alternatively, because Hispanic American girls are least likely to use 

contraceptives and least likely to communicate with others about sexual behavior 

compared to European and African Americans, Hispanic American girls may be 

unlikely to accurately report their sexual experiences (Deardorff et al., 2010; 

Raffaelli & Ontai, 2001).  

For Asian Americans, sexual risk, STIs, and pregnancy did not change 

over time and this group often did not exhibit significant within group variability 

in these outcomes either. This is consistent with other studies that have found 

Asian American adolescents are less likely to report romantic relationships and 

sexual activity compared to other ethnic groups (O’Sullivan, Cheng, Harris, & 

Brooks-Gunn, 2007). Asian American adolescents are less likely to tell others that 

they have engaged in sexual activity, report fewer opposite sex interactions, and 

have less social support for dating (Grunbaum, Lowry, Kann, & Pateman, 2000).   

Additionally, Asian Americans have some protective factors within their 

culture. Asian Americans are more likely to live in multigenerational homes and 

have higher SES (Cohen & Casper, 2002; East, 1998; Taylor et al., 2010). 

Furthermore, there may be cultural values unique to Asian Americans that are 

protective against and risky sexual behaviors. Parental respect is a cultural value 

often associated with many Asian cultures. Studies indicate that adolescents with 
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higher parental respect report less risk behaviors, presumably because they are 

less likely to disobey rules and maintain family cohesion (Shih, Miles, Tucker, 

Zhou, & D’Amico, 2012). These protective factors may buffer the negative 

effects of early puberty on sexual behavior and could be the reason for little 

change and within group variability in the current study. Future studies will want 

to include cultural indicators to assess cultural differences.  

Limitations and future directions 

There are limitations in the present study. First, from a theoretical 

standpoint, future research will need to investigate more than just sexual risk and 

pregnancy. Specifically, Belsky, Steinberg, and Draper (1991) highlight that early 

pubertal maturation accelerates sexual activity and orients the developing girl to 

unstable pair bonds and lower levels of parental investment. In this study, girls 

who matured early had higher sexual risk and pregnancy rates that continued into 

adulthood but this is only one part of the picture. This study was unable to 

examine if early maturation is associated with aspects of mate selection and 

parental investment as the evolutionary approach would suggest. For example, 

future studies will want to investigate attitudes and indictors of good parenting or 

investment in child rearing. If indicators of pair bonds and parenting are not 

associated with pubertal maturation then perhaps the theory will need to be 

revised.  

The measure of puberty was another limitation. First, because puberty was 

measured at only one time point, this study may have failed to capture all early 

developing girls. In this study some of the 11 year old girls may have entered 
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puberty after these data were collected and should have been classified as early 

developers. However, because there was only one data point, these girls would 

have been classified as late because they were premenarcheal. Second, although 

age at menarche has been shown to be a valid and reliable measure of pubertal 

development (Caspi, Lynam, Moffit, & Silva, 1993; Graber, Petersen, & Brooks-

Gunn, 1996), menarche occurs late in the pubertal process. Because many of the 

physical and hormonal changes have occurred prior to menarche, obtaining 

menarcheal status indicates that a girl has reached an advanced level of pubertal 

development. Studies should use multiple markers of pubertal development (i.e., 

physical development, menarche, perception of timing). Using multiple markers 

of pubertal development allows researchers to make more accurate conclusions 

considering different indicators are only moderately related. 

Another limitation was the smaller sample size of Hispanic and Asian 

American girls. The combination of the cohort-sequential design of AddHealth 

coupled with the small sample size for Hispanic and Asian Americans resulted in 

not having any Hispanic Americans and Asian Americans at particular ages 

(Hispanic American n = 277; Asian American n = 223).  It is difficult to 

distinguish whether the lack of findings in these groups is due to protective 

factors unique to Hispanic and Asian Americans (e.g., late pubertal development, 

self-esteem, positive family relations, and community ties) or whether the sample 

sizes were too small to capture variability. It is possible that different trajectories 

might have emerged for Asian Americans and Hispanic Americans with a larger 

sample that would increase the number of data points at all ages and variability 
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within each group. These relations should be retested with a larger sample of 

Hispanic and Asian Americans to confirm this assertion. 

A final limitation was the lack of biological tests for STIs. Often studies of 

STIs are clinical samples of girls seeking health care with biological data (Boyer, 

Shafer, Wibbelsman, Seeberg et al., 2000; Liau, DiClemente, Wingood, Crosby et 

al., 2002). One strength of these studies is the collection of biological data. The 

strength of the present study was the use of a nationally representative sample 

however; girls may be reluctant to report STIs due to the stigma surrounding 

infections. The stigma associated with STIs might have led to low reporting rates 

among adolescents as STIs can influence self-percepts, fear, and feelings of 

unworthiness (East, Jackson, O’Brien, & Peters, 2012). These same feelings and 

stigma might not translate to teen pregnancy or risky sexually behaviors because 

there is greater acceptance of these occurrences. Future studies should use 

biological samples with STIs. 

Conclusion 

Overall, this investigation found that early developing European American 

and African American girls engaged in more risky sexual behavior and have 

higher rates of teen pregnancy than on-time or late developing girls. Moreover, 

early puberty predicted higher initial rates of sexual risk and pregnancies for 

European American and African American girls. However, no significant 

relations were found for Hispanic or Asian American girls. To date, this study 

was the first to examine how puberty is related to various aspects of sexual risk 

over into early adulthood within ethnic groups. Taken as a whole these findings 
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present a unique contribution to the study of puberty and sexual risk using an 

evolutionary approach  

The current study suggests that prevention and intervention efforts should 

be aimed at girls entering puberty, particularly European American and African 

American girls. Given that menarche occurs late in the pubertal process, it would 

be advantageous to give sexual health information earlier than 14 when risk is 

already beginning to elevate. Puberty is directly related to sexual risk and 

pregnancy in early adolescence for European American and African American 

girls thus intervention efforts may target these groups more extensively. Future 

research should continue to examine if puberty is related to sexual risk for 

Hispanic and Asian Americans. If cultural values lessen the impact of early 

puberty, programs should be created to strengthen those values.  
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General Conclusions 

In 1991, Belsky and colleagues proposed an evolutionary model in which 

psychosocial stressors were responsible for pubertal maturation and future 

reproductive strategy. Belsky’s (1991) predictions were unique considering that 

the field had largely studied differences in puberty only in terms of weight and 

BMI, exercise, and nutrition. Specifically, Belsky and colleagues (1991) proposed 

that early childhood environments that are higher in stress would result in earlier 

pubertal maturation in order to lengthen the time and opportunity to reproduce. 

Thus according to their theory, early developing girls would initiate sexual 

activity earlier, have unstable relationships, and have low levels of parental 

involvement/investment. Alternatively, childhood environments that are low in 

stress would predict later pubertal maturation, later sexual activity, stable 

relationships, and higher levels of parental investment. However, past research 

and this dissertation provide inconsistent support for some of the tenants of this 

theory. This suggests that at the very least, more research needs to be conducted 

on certain aspects of the model. 

In terms of support for Belsky and colleagues’ (1991) model, consistent 

results between parenting behaviors and timing of pubertal maturation, in that, 

negative parenting predicts earlier maturation and positive parenting predicts later 

pubertal maturation (Belsky et al., 2007; Belsky, et al., 1998; Belsky, et al., 2010; 

Ellis, et al., 1999; Ellis & Garber, 2000; Graber, Brooks-Gunn, & Warren, 1995; 

Hetherington & Clingempell, 1992; Moffitt et al., 1992; Petit, Bates, & Dodge, 

1997). Additionally, there is support for the associations between timing of 
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puberty and sexual debut, sexual risk, and timing of first pregnancy (Belsky et al., 

2007; Deardorff et al., 2005; Downing & Bellis, 2009; Dunbar et al., 2006; Stattin 

& Magnusson, 1990; Waylen & Wolke, 2004). That is, early pubertal maturation 

has predicted early sexual debut, higher sexual risk, and early pregnancies. These 

studies have used methodologically sound investigations that provide reasonable 

support for these portions of Belsky and colleagues (1991) theory.  

However, in this dissertation, I found that father absence and parent 

education were predictors of early pubertal maturation. Although other studies 

have highlighted the importance of parenting behaviors, my findings suggests that 

other stressors might be just as important. Moreover, as scholars study other 

indicators of the process of pubertal maturation, a more complex picture seems to 

emerge. Researchers using other indicators of stress (i.e., SES and father absence) 

found differing relationships between these variables in predicting pubertal 

maturation. These results are further complicated when examining ethnicity. For 

example, Deardorff and colleagues (2012) found father absence predicted earlier 

development in higher income families but not in lower income families; these 

results were stronger for African American girls. The process for European and 

African Americans may be similar, but studies will need to parcel out the effects 

of SES as research has largely used samples of high SES European Americans 

and low SES African Americans (Chumlea et al., 2003; Herman-Giddens et al., 

1997; Wu, Mendola, & Buck, 2002).  

Additionally, it is possible that SES and father absence have direct effects 

on puberty and indirect effects though parenting strategies. In this dissertation, I 
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found that SES and father absence had direct effect in pubertal timing; however, 

there might be indirect effects of SES and father absence through parenting 

behaviors. The present studies did not examine indirect effects and future studies 

should explore this possibility. Moreover, other aspects of the child’s environment 

may influence puberty directly and indirectly. These may include daily hassles, 

neighborhoods, and community resources. Research has found that these are 

indicators of stress and are differentially associated with development across 

ethnic groups (Allison et al., 1999; Kim & Smith, 1998; Wilson, 1991, 1993). 

Adding these additional stressors might explain more of the variation in pubertal 

maturation and future sexual behavior. Future research will need to examine a 

larger variety of childhood contexts and their direct and indirect effects on 

pubertal maturation.  

Furthermore, one of the tenants of Belsky and colleagues (1991) theory is 

that early pubertal development predicts unstable pair-bonds and future parenting 

behaviors. This assumption implies that early pubertal maturation would have 

effects that should be seen into early adulthood. Evidence for these associations is 

weak. This dissertation was one of the first to examine the long term outcomes of 

pubertal maturation. In this dissertation puberty predicted initial levels of sexual 

risk and pregnancy; however, sexual risk decelerated overtime and there was no 

effect of puberty on the slope for pregnancy. In addition, the only study to have 

examined theoretically relevant variables of mating and parenting failed to find 

associations between number of sexual partners, incidence of sexual infidelity, 

preference for a mate who displays indictors of good parenting and good genes, 
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and attitudes toward investment in children (Hoier, 2003). Taken together, these 

findings suggest that there may not be associations between puberty and future 

behaviors and attitudes into adulthood, as predicted by Belsky and colleagues 

(1991).  

The primary problem with much of this research is that it does not address 

the underlying biological mechanisms. It has been theorized that the 

hypothalamic-pituitary-adrenal (HPA) axis, which is responsible for the 

regulation of stress, might play an important role in puberty, particularly 

andrenarche (i.e., maturation of the adrenal androgen production; Chisholm, 

Burbank, Coall, & Gemmiti, 2005; Dorn, Hitt, & Rotenstein, 1999). Research by 

Dorn and colleagues suggest that there is support for the physiological processes. 

Dorn and colleagues (1999) found that girls with premature adrenarche had higher 

production of cortisol relative to those without premature adrenarche. This 

indicates that girls with premature adrenarche have exaggerated reactivity of the 

HPA axis, suggesting that there is an underlying biological mechanism that 

connects stress and early andrenarche. This is also consistent with research that 

has found higher behavioral problems in girls with premature andrenarche (Dorn, 

Hitt, & Rotenstein, 1999). Caution should be noted as this line of research is in its 

infancy and contains some considerable methodological limitations. The research 

conducted to date in this area has been cross-sectional and longitudinal studies are 

needed to examine cortisol secretion before and after puberty. Moreover, 

measurement of pubertal hormone concentrations is difficult. Specifically, the 

current assay methods for detecting the hormones associated with puberty are not 
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sensitive enough for prepubertal children (Dorn, Dahl, Woodward, & Biro, 2006). 

Future research needs to address this underlying process.    

Another major issue is that this theory focuses on individual level 

adaptation and largely ignores group level processes that might explain some of 

the variations between ethnic groups. Most psychologists do not differentiate 

between individual and group level adaptation, although Darwin hypothesized 

that adaptation occurs at various levels (Wilson, Van Vugt & Gorman, 2007). 

This perspective was cited as particularly relevant to cultural psychology 

considering that we are all humans but have adapted differently to survive in 

vastly different environments. Culturally humans evolve distinct adaptations to 

the local pressures and environment much quicker than genetic evolution alone 

(Boyd & Richerson; 2009; Wilson, 2005). Learning as a group allows human 

populations to acquire information over generations and leads to cultural 

evolution of highly adaptive behaviors. Perhaps group level adaptation might 

provide a basis for examining how cultural adaptation might play in the effects of 

(a) cortisol on accelerating pubertal development, (b) entering puberty early and, 

(c) early puberty on future sexual behaviors. As the Belsky and colleagues (1991) 

theory is written, there is currently no differentiation between individual and 

group level processes.  

Given the findings in this dissertation, it is possible group level processes 

in adaptation are occurring. Findings for Hispanic and Asian Americans as groups 

were largely different than the other groups (although they were not directly 

compared in the second study). It is likely that there are some cultural variables 
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that account for some of these differences that might be better understood using a 

multilevel approach. Specifically, there are cultural values that are specific to 

Hispanic and Asian Americans including, familism, respect, and sexual virtue that 

could protect against early puberty and risk behavior (Cohen & Casper, 2002; 

Deardorff et al., 2010; East, 1998; Grunbaum, et al., 2000; Wahl & Eitle, 2010; 

Taylor et al., 2010). However, as Hispanic and Asian American adolescents 

become more acculturated to the mainstream American culture, their sexual 

attitudes and behaviors may become more consistent with European American 

norms. Perhaps as later generation Hispanic and Asian Americans, adopt the 

cultural norms, the same relations between stress, puberty and sexual behavior 

might emerge as European Americans and African Americans.  

There is a larger proportion of Hispanic and Asian Americans that are 

more recent immigrants compared to European and African Americans. For 

Hispanic and Asian Americans, primary immigration occurred after the 1960’s 

(U.S. Census Bureau, 1993). Data from AddHealth were collected in the 90s and 

in the 90s the majority of Asian Americans (66%) in 1990 were born in foreign 

countries (U.S. Census Bureau, 1993). Because more Hispanic and Asian 

Americans might be recent immigrants, they may have stronger associations with 

their cultural values regarding sexuality. Additionally, it is important to note that 

Hispanic and Asian Americans are very broad pan-ethnic groups, meaning, there 

is considerable cultural variation within these broad groups. For example, people 

of Asian ancestry differ in terms of national origin, language, nativity, religion, 

and customs. In the United States, 24% of the Asian population is Chinese, 20% 
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Filipino, followed by 11 to 12% each Japanese, Korean, and Vietnamese (U.S. 

Census Bureau, 2010). Similarly, of the Hispanic American population in the U.S. 

in 1990, 59% were Mexican, 10% Puerto Rican, 4% Cuban, and the rest 

Dominican, Central American, and South American. These groups have different 

historical backgrounds that might influence how quickly they acculturate to the 

dominant culture.   

Implications 

This dissertation, combined with the results from extant research, have 

some important implications for clinical practice. Family relationships and early 

pubertal development are significant stressors for adolescent girls. It places them 

at greater risk for poor sexual outcomes that persist into adulthood. Considering 

the role that the family plays in predicting pubertal maturation, intervention or 

prevention with the family might be a place to start. Because pediatricians, child 

psychologists, and nurse practitioners are often the first to learn of difficult family 

situations, they might be in the best position to discuss pubertal maturation and 

sexual health with both parents and adolescents. It is particularly important that 

intervention happen as early as possible considering that early menarche is 

associated with early onset of regular menstrual cycles. It is only approximately 

one year before a regular cycle begins if menarche occurs before 12 and four and 

a half years for a regular cycle if menarche occurs after 13 (MacMahon et al., 

1982). Additionally, I found that puberty predicted initial levels of risk that 

carried over into adulthood which also reinforces how vital it is to reach 

adolescents early, before puberty. Furthermore, because adolescents are unlikely 
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to receive effective sex education in the school, clinical intervention becomes 

even more important. Often adolescents do not receive any information on 

puberty or sexual health until most adolescents are late, if not completed, in the 

pubertal process. Many schools also promote abstinence when these programs 

have no empirical evidence to suggest they are effective.  

Future Directions 

The two empirical articles in this document did have some limitations that 

future research will want to explore. First, measures of early childhood contexts 

should be collected at earlier ages than they were here. Evolutionary theory posits 

that it is the first 3-7 years of life that will determine the reproductive strategy. 

Thus, these measures were collected too late and are probably the cause for a lack 

of findings in the first paper. Additionally, future studies should explore the role 

of other environmental contexts (i.e., neighborhoods) in determining pubertal 

timing and possible ethnic differences in development. Stressors outside family 

relationships (i.e., SES) have been shown in this study to be associated with 

pubertal development and future studies should continue to explore these. Future 

work will also want to examine if the process for accelerating puberty for girls is 

similar to boys.  

Evidence from this study could not address this important theoretical 

question: what are the physiological mechanisms that underlie early experiences 

to early sexual maturation and reproductive strategy. This is perhaps the most 

important area that needs to be addressed. Research in this area is difficult 

because of methodological limitations that need to be overcome. There are some 



80 

 

newer methods for the hormones associated with puberty at young ages however, 

these methods are not widely used or distributed. Although research has been 

limited, some preliminary work with humans suggests that prepubertal girls have 

higher cortisol levels. Additional research in rats also provides support and has 

found that maternal grooming of newborns helps regulate stress and delays the 

onset of puberty and sexual behavior (Cameron, Fish, & Meaney, 2008). 

However, it is unclear whether the processes are the same in rats and humans.  

Given that these data came from a secondary source, this study could not 

address the genetic components of pubertal development. Future studies should 

incorporate these measures to control for genetic variation in pubertal maturation. 

Although some studies have incorporated control variables to account for genetic 

influences, all of these are still correlational and cannot rule out selection effects. 

The field will need to use experimental designs to test for the causal pathways 

from family environments to pubertal timing. This could potentially be done by 

including interventions that aim to change family relationships by promoting 

more positive relationships.  

Conclusion 

Taken as a whole, this dissertation partially supported an evolutionary 

approach to the study of pubertal development. The results support some 

propositions proposed by Belsky and colleagues (1991) however, there remains 

much to be learned. In this dissertation, I examined within and across ethnic 

group differences in the antecedents of pubertal development and within ethnic 

group differences in the trajectories of sexual risk. Overall, this study found 
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variations within and across ethnic groups that warrant further research 

particularly for Hispanic and Asian Americans who may or may not have similar 

developmental processes. Future work should focus on (a) understanding the 

biological mechanisms underlying the stress and puberty assertion, (b) focus more 

on the ethnic variations in these processes, and (c) determining whether the theory 

should extend into adulthood. 
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Table 1 

Participant Demographic Characteristics 

 

 

Indicator 

Full  

Sample 

M(SD)/% 

European 

American 

M(SD)/% 

African 

American 

M(SD)/% 

Hispanic 

American 

M(SD)/% 

Asian 

American 

M(SD)/% 

F ratio; ƞ
2
/ 

χ
2
; Vc 

Puberty 

     Early 

     On-Time/Late 

 

30% 

70% 

 

27% 

73% 

 

36% 

64% 

 

33% 

67% 

 

22% 

78% 

 

  33.74; 09
***b

 

Age 14.56(1.21) 14.52(1.20) 14.53(1.22) 14.82(1.19) 14.75(1.24)     8.08; .01
***c

 

BMI 21.97(4.31) 21.44(4.01) 23.21(4.81) 22.98(4.01) 20.46(3.95)     2.06 

Parent education 1.76(1.17) 1.84(1.12) 1.67(1.19) 1.00(1.12) 2.18(1.28)   59.34; .04
***d

 

Income
a
 0-99 0-99 0-50 0-25 0-88     9.27; .01

***e
 

Behavioral control 2.09(1.52) 2.03(1.47) 2.22(1.59) 2.36(1.60) 2.11(1.59)     7.57; .02
***f

 

Mother warmth 4.41(0.67) 4.42(0.65) 4.43(0.68) 4.34(0.68) 4.30(0.73)     2.37 

Father absence 

    Father present 

    Not present 

    Never present 

 

53% 

30% 

17% 

 

60% 

30% 

10% 

 

32% 

35% 

33% 

 

53% 

30% 

17% 

 

74% 

17% 

9% 

 

369.68; .21
***g

 

a 
Income is reported using the range in the 10,000’s 

b
 Higher proportion of African American and Hispanic Americans lower proportions of European and Asian Americans classified 

as early than would be expected by chance. 
c
 Significant differences between Hispanic Americans and European and African Americans 

d
 All comparisons were significantly different. 

e
 Asian Americans were significantly different from all other groups 

f
 European Americans were significantly different from African and Hispanic Americans 

g
 Larger proportion of father absence for African and Hispanic American  and lower proportion of European and Asian Americans 

than would be expected by chance  

9
4
 



 

 

Table 2  

Correlations among Study Variables for European American Below the Diagonal and African Americans Above the Diagonal 

 

Indicator 1.1  2.    3.  4.  5.  6.  7.  8.  

  1. Puberty -- 
 

-.14 
*** 

.07 
*  

.06 
*
 .03 

 
-.05  -.02 

 
.06 

**
 

  2. Age .01 
 

-- 
 

.11 
*** 

.01   .06 
 

-.20 
***

 -.14 
*** 

.01  

  3. BMI .16 
*** 

.15 
** 

-- 
 
  .06 

*  
-.04 

 
-.03 

 
-.07 

* 
.12 

*** 

  4. Parent education -.06 
*** 

-.03 
 

-.10 
*** 

-- 
 

 .41 
*** 

-.06 
* 

.04 
 

-.22 
*** 

  5. Income -.04 
* 

.02 
 

-.07 
*** 

.27 
*** 

-- 
 
-.01 

 
.03 

 
-.34 

*** 

  6. Behavioral control -.03 
 

-.30 
*** 

-.02 
 

-.05 
* 

-.06 
 *** 

-- 
 

.04 
 

.01 
 

  7. Warmth -.02 
 

-.14 
*** 

-.01  .02 
 

.00 
 

.06 
** 

-- 
 

-.05 
 

  8. Father absence .07 
** 

.02  .04 
*
 -.09 

*** 
-.17 

 *** 
-.02 

 
-.06 

*** 
--  

Note. * p < 0.05. ** p < 0.01. *** p < 0.001. 

9
5
 



 

 

Table 3  

Correlations among Study Variables for Hispanic American Below the Diagonal and Asian Americans Above the Diagonal 

Indicator 1.1  2.    3.  4.  5.     6.  7.  8.  

  1. Puberty -- 
 

-.14 
* 

.15 
*  

.04  .09 
 

.08  -.03 
 

.08  

  2.Age -.05 
 

-- 
 

.15 
* 

.05  -.13 
 

-.08  -.10 
 

-.07  

  3. BMI .08 
 

.14 
** 

-- 
 
-.02 

  
-.14 

 
.20 

** 
.06 

 
.01 

 

  4. Parent education -.01 
 

-.16 
** 

-.07 
 

-- 
 

 .26 
*** 

.17 
* 

.00 
 

.18 
* 

  5. Income .00 
 

-.09 
 

-.06 
 

.37 
*** 

-- 
 

.02 
 

-.17 
* 

-.14 
 

  6. Behavioral control .06 
 

-.21 
*** 

-.05 
 

-.04 
 

-.04 
  

-- 
 

-.21 
** 

.10 
 

  7. Warmth .02 
 

-.12 
* 

.04  .02 
 

.12 
* 

.03 
 

-- 
 

.00 
 

  8. Father absence .07 
 

.06  -.10  .04 
 

-.20 
 *** 

-.02 
 

-.05 
** 

--  

Note. * p < 0.05. ** p < 0.01. *** p < 0.001. 

 

 

 

 

 

9
6
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Table 4 

Models Predicting Pubertal Development with European Americans as the 

Reference Group 

Model Parameter B Wald χ
2
 

Square 

Odds 

Ratio 

95% CI for 

Odds Ratio 

Model 

χ
2
 

Δ χ
2
 

Model 1 Intercept 3.78 295.79
***

     

 BMI .07 57.03
***

 1.07 1.05-1.09 52.30  

Model 2 Intercept 3.75 280.61
***

     

BMI .06 39.24
***

 1.06 1.04-1.07   

         African American .56 28.58
***

 1.75 1.41-2.07   

         Hispanic American .43 6.27
**

 1.52 1.08-2.04   

         Asian American -.16 .29 .87 .86-1.17 83.30 31.00 

Model 3 Intercept 3.22 60.23
***

     

BMI .06 33.90
***

 1.06 1.04-1.08   

         African American .44 16.34
***

 1.56 1.26-1.85   

         Hispanic American .35 4.07
*
 1.19 1.01-2.02   

         Asian American -.09 .09 .91 .51-1.63   

         Parent Education -.05 1.14 .95 .87-1.04   

 Income -.01 2.34 .99 .99-1.00   

Behavioral Control -.05 2.93 .95 .89-1.00   

 Warmth -.06 .83 .94 .82-1.08   

 Father Absence .16 6.18
**

 1.18 1.04-1.24 102.26 49.96 

Model 4 Intercept 3.35 35.87
***

     

 BMI .07 29.68
***

 1.07 1.07-1.11   

 African American .63 .52 1.87 1.87-2.75   

 Hispanic American 1.61 1.16 5.00 4.99-9.56   

Asian American -.17 .01 .84 .53-2.74   

 Parent Education -.07 6.19
**

 .93 .92-.96   

 Income -.01 1.24 1.00 .99-1.00   

 Behavioral Control -.08 3.18 .92 .92-.94   

         Mother Warmth -.09 .85 .91 .91-.95   

 Father Absence .28 9.60
***

 1.32 1.27-1.36   

 BMI x Af. Am. 

P. Ed. x Af. Am. 

-.05 

.21 

11.91
***

 

4.49
**

 

   

125.85 

 

73.55 

Note. Comparisons are made to the European American group.  

* p < 0.05. ** p < 0.01. *** p < 0.001. 
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Table 5 

Models Predicting Pubertal Development with African Americans as the 

Reference Group 

Model Parameter B Wald χ
2
 

Square 

Odds 

Ratio 

95% CI for 

Odds Ratio 

Model 

χ
2
 

Δ χ
2
 

Model 1 Intercept 3.78 295.79
***

     

 BMI .07 57.03
***

 1.07 1.05-1.09 52.30  

Model 2 Intercept 3.19 169.27
***

     

BMI .06 39.24
***

 1.06 1.04-1.07   

         European American -.56 28.58
***

 .57 .56-.57   

         Hispanic American -.12 .51 .89 .86-.87   

         Asian American -.72 5.82
**

 .49 .48-.49 83.30 31.00 

Model 3 Intercept 2.77 43.68
***

     

BMI .06 33.91
***

 1.06 1.04-1.08   

         European American -.44 16.34
***

 .64 .51-.79   

         Hispanic American -.09 .24 .91 .63-1.31   

         Asian American -.54 3.16 .58 .32-1.06   

         Parent Ed. -.05 1.15 .95 .87-1.04   

 Income -.01 2.34 .99 .99-1.00   

Behavioral  Control -.06 2.93 .95 .89-1.01   

 Warmth -.06 .84 .94 .82-1.08   

 Father Absence .16 6.18
**

 1.17 1.04-1.34 102.26 49.96 

Model 4 Intercept 2.71 15.65
***

     

 BMI .04 7.46
**

 1.04 1.04-1.05   

 European American -.64 .52 .52 .36-.53   

 Hispanic American .97 .39 2.63 2.18-4.17   

Asian American -.81 .14 .44 .19-.45   

 Parent Education .12 5.42
*
 1.12 1.11-1.16   

 Income .01 .77 1.01 .99-1.01   

 Behavioral Control -.03 .27 .97 .97-.98   

         Mother Warmth -.01 .00 .99 .95-1.00   

 Father Absence .17 4.84
*
 1.18 1.16-1.22   

 BMI x Eur. Am. 

P. Ed. x Eur. Am. 

.05 

-.19 

11.91
***

 

8.92
**

 

   

125.85 

 

73.55 

Note. Comparisons are made to the African American group. 

* p < 0.05. ** p < 0.01. *** p < 0.001. 



99 

 

Table 6 

Models Predicting Pubertal Development with Hispanic Americans as the 

Reference Group 

Model Parameter B Wald χ
2
 

Square 

Odds 

Ratio 

95% CI for 

Odds Ratio 

Model 

χ
2
 

Δ χ
2
 

Model 1 Intercept 3.78 295.79
***

     

 BMI .07 57.03
***

 1.07 1.05-1.09 52.30  

Model 2 Intercept 3.32 143.56
***

     

BMI .06 39.24
***

 1.06 1.04-1.08   

         European American -.43 6.26
*
 .65 .46-.91   

         African American .13 .51 1.14 .80-1.61   

         Asian American -.59 3.26 .55 .29-1.05 83.30 31.00 

Model 3 Intercept 2.86 44.93
***

     

BMI .06 33.91
***

 1.06 1.04-1.08   

         European  American -.36 4.08
*
 .70 .49-.98   

         African American .09 .25 1.10 .77-1.57   

         Asian American -.45 1.81 .64 .33-1.23   

         Parent Ed. -.05 1.15 .95 .87-1.04   

 Income -.01 2.34 .99 .99-1.00   

Behavioral  Control -.06 2.93 .95 .89-1.01   

 Warmth -.06 .83 .94 .82-1.08   

 Father Absence .16 6.18
**

 1.17 1.04-1.34 102.26 49.96 

Note. Comparisons are made to the Hispanic American group.  

* p < 0.05. ** p < 0.01. *** p < 0.001. 
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Table 7 

Models Predicting Pubertal Development with Asian Americans as the  

Reference Group 

Model Parameter B Wald χ
2
 

Square 

Odds 

Ratio 

95% CI for 

Odds Ratio 

Model 

χ
2
 

Δ χ
2
 

Model 1 Intercept 3.78 295.79
***

     

 BMI .07 57.03
***

 1.07 1.05-1.09 52.30  

Model 2 Intercept 3.94 123.46
***

     

BMI .06 39.24
***

 1.06 1.04-1.08   

         European American .16 .30 1.18 .69-2.10   

         African American .72 5.82
**

 2.06 1.15-3.71   

         Hispanic American .59 3.24 1.81 .95-3.46 83.30 31.00 

Model 3 Intercept 3.31 46.80
***

     

BMI .06 33.91
***

 1.06 1.03-1.07   

         European  American .09 .10 1.10 .61-1.96   

         African American .54 3.17 1.72 .95-3.21   

         Hispanic American .45 1.81 1.57 .82-3.02   

         Parent Ed. -.05 1.14 .95 .87-1.04   

 Income -.01 2.34 .99 .99-1.00   

Behavioral Control -.06 2.93 .95 .89-1.01   

 Warmth -.06 .84 .94 .82-1.08   

 Father Absence .16 6.18 1.18 1.04-1.34 102.26 49.96 

Note. Comparisons are made to the Asian American group. 

* p < 0.05. ** p < 0.01. *** p < 0.001. 
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Table 8 

Composite Sexual Risk Score 

Item Category Value Percent of Sample 

   Wave I Wave II Wave III 

Number of sexual 

partners 

0 0 85% 87% 16% 

 1 1 4% 5% 18% 

 2-3 2 5% 5% 24% 

 4+ 3 6% 3% 42% 

      

Frequency of condom 

use 

All of the time 0 96% 95% 37% 

 Most of the time 1 1% 2% 14% 

 Less than half the time  2 1% 1% 7% 

 None of the time  3 2% 2% 42% 

      

Sexual intercourse 

under the influence of 

alcohol or drugs 

Never  0 94% 94% 87% 

 Once 1 4% 4% 8% 

 Twice 2 1% 1% 3% 

 Three or more times 3 1% 1% 2% 

 

 



 

 

Table 9  

The Number of Participants by Wave and Age 

 Age 

 12 13 14 15 16 17 18 19 20 21 22 23 Total N 

Wave I 202 756 890 1,047 1,116 -- -- -- -- -- -- -- 4,011 

Wave II 6 275 742 899 1,051 1,013 23 2 -- -- -- -- 4,011 

Wave III -- -- -- -- -- -- 70 621 840 1,001 1,069 410 4,011 

Total N 208 1,031 1,632 1,946 2,167 1,013 93 623 840 1,001 837 781 12,033 

Note. Dashes indicate not applicable. 

 

1
0
2
 



 

 

Table 10 

Correlations and Descriptive Statistics for Study Variables with European Americans Below the Diagonal and African 

Americans Above the Diagonal 

Indicator 1.1    2.  3.  4.      5.       6.  7.  8.   9.  10.  

  1. Puberty -- 
 

.04 
 

.04  .01 
 

.01  .01 
 

.01  .01  .01  .02  

  2. W1 Risk .08 
*** 

-- 
 

.29 
***  

.22 
*** 

.25 
*** 

.16 
*** 

.09 
** 

.34 
*** 

.25 
*** 

.20 
*** 

  3. W2 Risk .06 
** 

.42 
*** 

-- 
 

.16 
*** 

.11 
*** 

.05 
 

.06 
 

.18 
*** 

.20 
*** 

.13 
*** 

  4. W3 Risk .01 
 

.22 
*** 

.22 
*** 

-- 
 

.07 
* 

.03 
 

.22 
*** 

.15 
*** 

.12 
*** 

.35 
*** 

  5. W1 STIs .05 
* 

.23 
*** 

.10 
*** 

.05 
*  

-- 
 

.30 
*** 

.01 
 

.23 
*** 

.13 
*** 

.07 
* 

  6. W2 STIs .04 
* 

.17 
*** 

.10 
*** 

.04 
 

.07 
*** 

-- 
 

.01 
 

.12 
*** 

.09 
** 

.04 
 

  7. W3 STIs .01 
 

.10 
*** 

.06 
** 

.15 
*** 

-.01 
 

.01 
 

--  .06  .01  .10 
*** 

  8. W1 Pregnancy .04 
* 

.26 
*** 

.11 
*** 

.06 
** 

.20 
*** 

.02 
 

.01 
 

-- 
 

.54 
*** 

.27 
*** 

  9. W2 Pregnancy .06 
** 

.34 
*** 

.18 
*** 

.12 
*** 

.21 
*** 

.14 
*** 

.08 
*** 

.61 
*** 

-- 
 

.28 
*** 

 10. W3 Pregnancy .11 
** 

.28 
*** 

.18 
*** 

.25 
*** 

.09 
*** 

.10 
*** 

.07 
*** 

.22 
*** 

.35 
*** 

-- 
 

M European Americans  
 

.45 
 

.43 
 

3.79 
 

.01 
 

.03 
 

.10 
 

.02 
 

.05 
 

.42 
 

SD  
 

1.20 
 

1.10 
 

2.25 
 

.15 
 

.38 
 

.42 
 

.17 
 

.25 
 

.82 
 

M African Americans  
 

.53 
 

.42 
 

3.48 
 

.05 
 

.08 
 

.27 
 

.06 
 

.11 
 

.70 
 

SD  
 

1.10 
 

1.00 
 

2.05 
 

.28 
 

.46 
 

.64 
 

.27 
 

.44 
 

1.02 
 

Note. * p < 0.05. ** p < 0.01. *** p < 0.001.  
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Table 11 

Correlations and Descriptive Statistics for Study Variables with Hispanic Americans Below the Diagonal and Asian 

Americans Above the Diagonal 

Indicator 1.1    2.  3.  4.      5.       6.  7.  8.   9.  10.  

  1. Puberty -- 
 

.10 
 

.09  .05 
 

.04  .07 
 

.17 
** 

.12  .04  .05  

  2. W1 Risk .02 
 

-- 
 

.59 
*** 

.25 
*** 

.02 
 

.37 
*** 

.01 
 

.44 
*** 

.45 
*** 

.23 
*** 

  3. W2 Risk .00 
 

.37 
*** 

-- 
 

.25 
*** 

.19 
** 

.28 
*** 

.02 
 

.26 
*** 

.49 
*** 

.35 
*** 

  4. W3 Risk .05 
 

.20 
*** 

.20 
*** 

-- 
 

.03 
 

.05 
 

.15 
* 

.09 
 

.19 
** 

.28 
*** 

  5. W1 STIs .08 
 

.18 
** 

.18 
** 

.13 
* 

-- 
 

.01 
 

.01 
 

.01 
 

.21 
*** 

.15 
* 

  6. W2 STIs .06 
 

.17 
** 

.35 
*** 

.12 
* 

.27 
*** 

-- 
 

.03 
 

.07 
 

.04 
 

.08 
 

  7. W3 STIs .10 
 

.03 
 

.21 
*** 

.05 
 

.02 
 

.25 
*** 

--  .00  .07  .29 
*** 

  8. W1 Pregnancy .02 
 

.32 
*** 

.40 
*** 

.18 
** 

.41 
*** 

.23 
*** 

.04 
 

-- 
 

.34 
*** 

.14 
* 

  9. W2 Pregnancy .05 
 

.12 
 

.25 
*** 

.22 
*** 

.25 
*** 

.14 
* 

.03 
 

.57 
*** 

-- 
 

.47 
*** 

 10. W3 Pregnancy .05 
 

.25 
*** 

.24 
*** 

.34 
*** 

.08 
 

.23 
*** 

.12 
* 

.34 
*** 

.39 
*** 

-- 
 

M Hispanic Americans  
 

.46 
 

.43 
 

3.31 
 

.03 
 

.02 
 

.13 
 

.07 
 

.09 
 

.67 
 

SD  
 

1.18 
 

1.13 
 

2.11 
 

.20 
 

.19 
 

.61 
 

.28 
 

.31 
 

.92 
 

M Asian Americans  
 

.39 
 

.34 
 

2.93 
 

.01 
 

.02 
 

.05 
 

.09 
 

.07 
 

.35 
 

SD  
 

1.18 
 

.97 
 

2.23 
 

.13 
 

.21 
 

.25 
 

.44 
 

.29 
 

.74 
 

Note. * p < 0.05. ** p < 0.01. *** p < 0.001.  
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Table 12 

The Unconditional Models for European Americans by Outcome 

 Means  Variances Δ-2LL 

Model Intercept Slope Quadratic  Intercept Slope Quadratic 

Sexual Risk  
 

 
 

 
 

  
 

 
 

    

       Model 1 .39(.02) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .79(.04) 
*** 

 
 

 
 

 1.12(.09) 
*** 

 
 

  73.42 
*** 

       Model 3 .90(.07) 
*** 

.51(.01) 
*** 

 
 

 1.30(.25) 
*** 

.04(.00) 
*** 

  49.70 
***

 

       Model 4 --
a
 
 

--
a
 
 

--
a
 
 

 --
a
 
 

--
a
 
 

--
a
  3.72  

STIs  
 

 
 

 
 

  
 

 
 

    

       Model 1 .27(.10) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .51(.24) 
***

  
 

 
 

 1.10(.51) 
***

  
 

  130.58 
***

 

       Model 3 .83(.44) 
***

 .31(.06) 
***

  
 

 1.79(1.10) 
***

 .00(.00) 
 

  55.02 
***

 

       Model 4 .97(1.29) 
***

 .60(.50) 
***

 -.23(.05) 
*** 

 .66(.40) 
***

 .31(.20) 
 

.00(.00)  36.12 
***

 

Pregnancy  
 

 
 

 
 

  
 

 
 

    

       Model 1 .79(.04) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .97(.07) 
***

  
 

 
 

 .47(.14) 
***

  
 

  66.12 
***

 

       Model 3 .80(.19) 
***

 .47(.02) 
***

  
 

 .99(.42) 
***

 .00(.00) 
 

  112.08 
***

 

       Model 4 --
a
 
 

--
a
  --

a
 
 

 --
a
 
 

--
a
  --

a
  .96  

Note. Model 1 estimates just the intercepts. Model 2 estimates the intercept mean and variance.  Model 3 estimates the  

linear slope mean and variance. Model 4 estimates the quadratic mean and variance. 
a 
The parameter was not included in the model because it did not improve model fit.. 

* p < 0.05, ** p < 0.01, *** p < 0.001.  
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Table 13 

The Unconditional Models for African Americans by Outcome 

 Means  Variances Δ-2LL 

Model Intercept Slope Quadratic  Intercept Slope Quadratic 

Sexual Risk  
 

 
 

 
 

  
 

 
 

    

       Model 1 .37(.03) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .57(.06) 
***

  
 

 
 

 .30(.11) 
***

  
 

  223.48 
*** 

       Model 3 .69(.11) 
***

 .45(.01) 
***

  
 

 .36(.31) 
***

 .03(.00) 
*** 

  173.26 
***

 

       Model 4 .98(.41) 
***

 1.63(.12) 
***

 -.08(.00) 
*** 

 1.39(2.77) 
***

 .41(.29) 
*** 

.00(.00)  19.48 
*** 

STIs  
 

 
 

 
 

  
 

 
 

    

       Model 1 .09(.09) 
***

  
 

 
 

  
 

 
 

    

       Model 2 .21(.19) 
***

  
 

 
 

 .53(.36) 
***

  
 

  88.38 
***

 

       Model 3 .52(.37) 
***

 .33(.05) 
***

  
 

 .87(.80) 
***

 .00(.00) 
 

  63.12 
***

 

       Model 4 --
a
  --

a
  --

a
 
 

 --
a
  --

a
 
 

--
a
  4.22 

 

Pregnancy  
 

 
 

 
 

  
 

 
 

    

       Model 1 .28(.05) 
***

  
 

 
 

  
 

 
 

    

       Model 2 .10(.08) 
***

  
 

 
 

 .82(.14) 
***

  
 

  33.80 
***

 

       Model 3 .90(.20) 
***

 .37(.02) 
***

  
 

 .87(.31) 
**

 .00(.00) 
 

  60.20 
***

 

       Model 4 --
a
  --

a
  --

a
 
 

 --
a
  --

a
 
 

--
a
  1.92 

 

Note. Model 1 estimates just the intercepts. Model 2 estimates the intercept mean and variance. Model 3 estimates the  

linear slope mean and variance. Model 4 estimates the quadratic mean and variance.  
a 
The parameter was not included in the model because it did not improve model fit.. 

* p < 0.05. ** p < 0.01. *** p < 0.001.  
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Table 14 

The Unconditional Models for Hispanic Americans by Outcome 

 Means  Variances Δ-2LL 

Model Intercept Slope Quadratic  Intercept Slope Quadratic 

Sexual Risk  
 

 
 

 
 

  
 

 
 

    

       Model 1 .24(.06) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .91(.13) 
***

  
 

 
 

 1.98(.26) 
*** 

 
 

  67.40 
*** 

       Model 3 .81(.26) 
*** 

.51(.02) 
*** 

 
 

 1.23(.83) 
***

 .04(.00) 
*** 

  40.86 
***

 

       Model 4 --a  --
a
  --

a
 
 

 --
a
 
 

--
a
  --

a
  .68  

STIs  
 

 
 

 
 

  
 

 
 

    

       Model 1 .43(.30) 
***

  
 

 
 

  
 

 
 

    

       Model 2 .59(.81) 
***

  
 

 
 

 1.54(.99) 
*** 

 
 

  36.08 
*** 

       Model 3 --
a
 
 

--
a
 
 

--
a
 
 

 --
a
  --

a
 
 

--
a
  5.46  

       Model 4 --
a
  --

a
  --

a
 
 

 --
a
 
 

--
a
  --

a
    

Pregnancy  
 

 
 

 
 

  
 

 
 

    

       Model 1 .19(.08) 
***

  
 

 
 

  
 

 
 

    

       Model 2 .28(.13) 
***

  
 

 
 

 .30(.21) 
*** 

 
 

  7.36 
***

 

       Model 3 .89(.24) 
***

 .30(.04) 
*** 

 
 

 .44(.30)  .00(.00) 
 

  14.74 
***

 

       Model 4 --
a
  --

a
  --

a
 
 

 --
a
 
 

--
a
  --

a
  5.64  

Note. Model 1 estimates just the intercepts. Model 2 estimates the intercept mean and variance. Model 3 estimates the  

linear slope mean and variance. Model 4 estimates the quadratic mean and variance.  
a 
The parameter was not included in the model because it did not improve model fit.. 

* p < 0.05. ** p < 0.01. *** p < 0.001. 
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Table 15 

The Unconditional Models for Asian Americans by Outcome 

 Means  Variances Δ-2LL 

Model Intercept Slope Quadratic  Intercept Slope Quadratic 

Sexual Risk  
 

 
 

 
 

  
 

 
 

    

       Model 1 .19(.07) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 .29(.16) 
***

  
 

 
 

 1.34(.33) 
*** 

 
 

  56.38 
*** 

       Model 3 .50(.38) 
*** 

.41(.04) 
*** 

 
 

 1.68(1.47) 
***

 .07(.02) 
*** 

  30.30 
***

 

       Model 4 --
a
 
 

--
a
  --

a
 
 

 --
a
 
 

--
a
  --

a
  1.74  

STIs  
 

 
 

 
 

  
 

 
 

    

       Model 1 .64(.38) 
*** 

 
 

 
 

  
 

 
 

    

       Model 2 --
a
  --

a
 
 

--
a
 
 

 --
a
 
 

--
a
 
 

--
a
  1.30 

 

       Model 3 --
a
 
 

--
a
 
 

--
a
 
 

 --
a
  --

a
 
 

--
a
    

       Model 4 --
a
 
 

--
a
  --

a
 
 

 --
a
 
 

--
a
  --

a
    

Pregnancy  
 

 
 

 
 

  
 

 
 

    

       Model 1 .10(.12) 
***

  
 

 
 

  
 

 
 

    

       Model 2 .67(.23) 
***

  
 

 
 

 .30(.43) 
 

 
 

  6.64 
*** 

       Model 3 --
a
 
 

--
a
 
 

--
a
 
 

 --
a
  --

a
 
 

--
a
  .64  

       Model 4 --
a
 
 

--
a
  --

a
 
 

 --
a
 
 

--
a
  --

a
    

Note. Model 1 estimates just the intercepts. Model 2 estimates the intercept mean and variance. Model 3 estimates the  

linear slope mean and variance. Model 4 estimates the quadratic mean and variance.  
a 
The parameter was not included in the model because it did not improve model fit.. 

* p < 0.05. ** p < 0.01. *** p < 0.001. 
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Table 16 

Models with Puberty Predicting Growth Trajectories by Ethnicity 

Model Intercept Slope 

European American  
 

 
 

     Sexual Risk .63(.12) 
*** 

-.07(.01) 
*** 

     STIs 1.53(.80) 
** 

--
a
 
 

     Pregnancy .69(.20) 
*** 

--
a
 
 

African American  
 

  

     Sexual Risk .53(.16) 
*** 

-.05(.19) 
*** 

     STIs .13(.04) 
 

--
a
 
 

     Pregnancy .22(.12) 
** 

--
a
 
 

Hispanic American  
 

  

     Sexual Risk .16(.38) 
 

-.01(.05)  

     STIs .15(.74) 
 

--
a
  

     Pregnancy .38(.35) 
 

--
a
 
 

Asian American  
 

 
 

     Sexual Risk .10(.55) 
 

.02(.06)  

     STIs --
a
 
 

--
a
  

     Pregnancy --
a
 
 

--
a
  

Note. * p < 0.05. ** p < 0.01. *** p < 0.001. 
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Figure 1. Interaction among BMI and ethnicity. 
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Figure 2. Interaction among parent education and ethnicity. 
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Figure 3. Growth trajectories for European Americans by outcome. 
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Figure 4. Growth trajectories for African Americans by outcome. 
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Figure 5. Growth trajectories for Hispanic Americans by outcome. 
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Figure 6. Growth trajectories for Asian Americans by outcome. 
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Figure 7. Growth trajectories for European Americans by puberty and outcome.  
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Figure 8. Growth trajectories for African Americans by puberty and outcome.  
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