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ABSTRACT

YOUNJUNG CHOI. The association between milk consumption between ages 5 and 12
and precocious menarche. (Under the direction of DR. LARISSA R. BRUNNER HUBER)

Menarche, the last stage of the normal pubertal development in girls, is one of the
most significant events in a woman’s life as it signifies that a girl is capable of becoming
pregnant from then on. Furthermore, menarche also means that a girl has already faced
various physiological and emotional changes that are attributable to secondary sex
characteristics. In this regard, the timing of menarche is considered a factor that affects a
woman’s health in her later life. Specifically, precocious menarche is known to be
associated with various adverse health outcomes in adulthood such as obesity, breast and
endometrial cancers, type 2 diabetes, and cardiovascular disease (CVD). Furthermore,
with the decrease in the average age of menarche in girls residing in the United States, it
is even more imperative to identify risk factors of precocious menarche. Although many
studies have identified various factors that promote early onset of menarche, some factors
still remain unclear. One such factor is milk consumption during childhood. Few studies
have examined the association between milk intake during childhood and precocious
menarche, and the results of studies that have examined this potential relationship have
been inconsistent.

Accordingly, the primary purpose of this study was to determine whether more
frequent milk intake between ages 5 and 12 was associated with increased odds of
precocious menarche. Self-reported data collected from 4,740 females ages 20 to 49 who
participated in the 2005-2014 National Health and Nutrition Examination Survey

(NHANES) were used. Weighted multivariate logistic regression was used to compute
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odds ratios (ORs) and 95% confidence intervals (ClIs). In the unadjusted model, women
who consumed milk daily and sometimes/varied between the ages of 5 and 12 had
decreased odds of precocious menarche as compared to those who never/rarely consumed
milk during the same period (daily: OR=0.83, 95% CI: 0.55-1.25 and sometimes/varied:
OR=0.81, 95% CI: 0.45-1.47); however, this result was not statistically significant. The
result remained relatively unchanged and not statistically significant after adjustment for
race/ethnicity, birth cohort, country of birth, and adult body mass index (BMI) (daily:
OR=0.82, 95% CI: 0.53-1.27 and sometimes/varied: OR=0.77, 95% CI: 0.42-1.43).
Further studies on this topic are needed given that findings have been inconsistent.
Specifically, studies with improved measurement of milk consumption by type of milk,
i.e., fat level, organic/non-organic product, hormone-treated/non-hormone-treated
product, and cow milk/non-cow milk, are desired to better examine the association

between milk and precocious menarche.
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CHAPTER 1. INTRODUCTION

Puberty is the period when various physical changes and sexual maturity take
place (Pinyerd & Zipf, 2005). Typical pubertal stages in a girl progress in the order of
breast development, pubic hair growth, and menarche, i.e., the first occurrence of
menstruation (U.S. National Library of Medicine, 2016). Menstruation is normal
monthly discharge of blood and tissues that occurs as part of a menstrual cycle when the
ovulated egg is not fertilized (National Institute of Child Health and Human
Development, n.d.b.). While breast development is the result of a relatively simple
estrogenic action, menarche results from maturation events that consist of a more
complex sequence (Parent et al., 2003). Menarche is considered a significant milestone
in one’s life since it means not only that a girl has the reproductive ability to become
pregnant, but also that she has started to experience physiological and emotional changes
that can affect her physical and mental health in her later life (Cesario & Hughes, 2007;
Greif & Ulman, 1982; Stubbs, 2008).

The normal age ranges of pubertal development are between 8 and 13 years in
girls and between 9 and 14 years in boys (National Institute of Child Health and Human
Development, n.d.a.). Pubertal development that occurs before those age ranges is
referred to as precocious puberty (Partsch & Sippell, 2001). With a secular trend toward
earlier puberty timing being reported in the United States, precocious puberty, which has
greater impacts on girls than on boys, has emerged as a public health issue (Parent et al.,
2003). Reported ages of onset of breast development based on large scaled data have
declined from 12.8 years for girls born in the 1960s to 10 years for girls born in 2006

(Biro, Greenspan, & Galvez, 2012). A similar trend in age at menarche among girls



living in the United States also has been reported. The mean age at menarche was 14.7
years in 1877 but declined to 12.5 years in 2001 (Karapanou & Papadimitriou, 2010;
Wyshak & Frisch, 1982).

The decrease in the average age of menarche in girls living in the United States
has significant implications for public health. Since menarche is a relatively late marker
of pubertal development in girls, it is reasonable to assume that a girl who has
experienced the onset of menarche is likely to have already started to show physical
differences that are attributable to secondary sex characteristics. Accordingly, how
different a girl’s age at menarche is from the average or that of her peers can have an
impact on her health, particularly as it relates to psychological and social/behavioral
problems (Mendle, Turkheimer, & Emery, 2007). Precocious menarche, in particular,
has been shown to be associated with increased likelihood of life-time drunkenness
episodes, early sexual intercourse, teen pregnancy, and overweight or obesity (Deardorff,
Gonzales, Christopher, Roosa, & Millsap, 2005; Gaudineau et al., 2010). In addition,
precocious menarche in girls is associated with a broad range of adverse health outcomes
in adulthood including increased adult body mass index, breast and endometrial cancers,
type 2 diabetes, cardiovascular disease (CVD), and premature or early natural menopause
(F. R. Day et al., 2017; Farahmand, Tehrani, Dovom, & Azizi, 2017; R. Lakshman et al.,
2009a; Mishra et al., 2017; Prentice & Viner, 2013).

The onset of menarche is determined by a combination of various factors that
interrelate together such as genetic, environmental, and lifestyle (Karapanou &
Papadimitriou, 2010). Many studies have been conducted to identify determinants and

risk factors of precocious menarche. One of the risk factors identified is childhood



overweight/obesity as defined by body mass index. Elevated body mass index in
childhood is associated with earlier age at menarche (Ahmed, Ong, & Dunger, 2009;
Bralic et al., 2012; Freedman et al., 2002). As a genetic factor, heritability of maternal
age at menarche is known to be possible (Kaprio et al., 1995). Studies have also
demonstrated that childhood family structure factors such as the number of siblings and
birth order may influence age at menarche (Morris, Jones, Schoemaker, Ashworth, &
Swerdlow, 2010). Another study indicated that childhood socioeconomic status
including family income, paternal occupation, and education also had an influence on age
at menarche (James-Todd, Tehranifar, Rich-Edwards, Titievsky, & Terry, 2010). Other
factors considered to have effects on precocious menarche include physical activity,
nutritional habits, and exposure to endocrine disrupting chemicals (Buttke, Sircar, &
Martin, 2012; Merzenich, Boeing, & Wahrendorf, 1993; Rogers et al., 2010).

Despite neurobiological mechanisms of the onset of menarche, it remains unclear
how the macro factors mentioned above influence timing of menarche. Although many
studies have examined the associations between various factors and precocious
menarche, only a few factors (e.g., maternal age at menarche, childhood obesity, and
level of physical activity) have been well established as associated factors of precocious
menarche (Bralic et al., 2012; Kaprio et al., 1995; Merzenich et al., 1993; Yermachenko
& Dvornyk, 2014). Due to inconsistent study results, the role of other factors on the
timing of menarche remains controversial. One factor that has inconsistent effects on the
timing of menarche is nutritional habits. Different nutrients, including both macro and
micro nutrients such as protein, fat, calcium, vitamins D, and dietary fiber, were

examined by various studies, and higher intake of animal protein was one of the



nutritional habits that showed inconsistent effects on the timing of menarche. Although
various studies have shown that higher intake of animal protein during childhood is
associated with accelerated onset of menarche, results are inconsistent depending on the
study design used and the source of animal protein studied (Berkey, Gardner, Frazier, &
Colditz, 2000; Rogers et al., 2010). For example, while higher red meat intake was
associated with earlier menarcheal age in a study, milk consumption did not demonstrate
an effect on earlier menarcheal age in another study (Carwile et al., 2015; Jansen, Marin,
Mora-Plazas, & Villamor, 2016). Inconsistent results attributable to differences in study
design were also observed among studies that investigated milk intake and early
menarche (<12 years) (Ramezani Tehrani et al., 2013; Wiley, 2011). In a cross-sectional
study, the researcher suggested that girls aged 9-12 years who consumed up to 244g of
milk per day had a lower risk of early menarche than girls who did not consume milk
(Wiley, 2011). In contrast, a prospective cohort study reported that girls aged 4-12 years
who consumed milk more than 34g of milk per day had an increased risk of early
menarche than girls who consumed less milk (Ramezani Tehrani et al., 2013).

As milk is known to be a good source of protein and other nutrients, the Dietary
Guidelines for Americans recommend regular consumption of milk and dairy products
(DeSalvo, Olson, & Casavale, 2016; Fogli-Cawley et al., 2006; Quann, Fulgoni, &
Auestad, 2015). In particular, regular milk consumption during childhood is strongly
recommended due to its importance in bone health and optimal growth (Greer, Krebs, &
American Academy of Pediatrics Committee on, 2006). Accordingly, milk has been
regularly consumed by the majority of children and adolescents: approximately 92% of

girls and 85% of boys who participated in the 2007-2008 NHANES reported



consumption of milk on a daily or a weekly basis (Kit, Carroll, & Ogden, 2011).
Although regular milk consumption has nutritional benefits, some studies suggest that
regular milk consumption is associated with precocious menarche due to its animal
protein components and Insulin-like Growth Factor-1 (IGF-1) (Wiley, 2012). However,
the association between milk consumption and increased likelihood of earlier age at
menarche is still controversial due to inconsistency of study results (Carwile et al., 2015;
Wiley, 2011). Therefore, this study examined the association between frequency of milk
intake between ages 5 and 12 and precocious menarche based on National Health and
Nutrition Examination Survey (NHANES) data collected from representative samples of

the United States female population.



CHAPTER 2. LITERATURE REVIEW

2.1 Overview of Precocious Menarche and Secular Trend

Menarche refers to the onset of the first menstrual cycle (U.S. National Library of
Medicine, n.d.). Menstruation refers to normal monthly excretion of blood and tissue
from the lining of the uterus through the vagina when ovulation did not lead to
fertilization and menarche refers to occurrence of the first menstruation (NICHD, n.d.b.).
There is no definitive age limit that distinguishes normal and precocious menarche.
However, precocious menarche has been generally defined in many studies as onset of
menarche before the age of 12 (Gaudineau et al., 2010; Ibitoye, Choi, Tai, Lee, &
Sommer, 2017).

Between the mid-19th and the mid-20th century, a significant decrease in
menarcheal age was observed in the United States and countries in Western Europe
(Parent et al., 2003). Specifically, the average menarcheal age was 17 years in the mid-
19th century and dropped to below 14 years in the mid-20th century (Parent et al., 2003).
A study that analyzed 1999-2004 NHANES data found a birth cohort-related declining
trend observed in the ages at menarche of 6,788 females (McDowell, Brody, & Hughes,
2007). In the study, the mean age at menarche of women born before 1920 was 13.3
years (95% CI: 13.1, 13.5) and that of later birth cohorts continued to show a decreasing
trend and reached 12.4 years (95% CI: 12.2, 12.6) in the birth cohort group of 1980 to
1984 (McDowell et al., 2007). This decline was consistently observed in all racial/ethnic
groups (McDowell et al., 2007). Other studies have also observed this decline in the
mean age of menarche (Herman-Giddens et al., 1997; MacMahon, 1972; Parent et al.,

2003; Tanner & Davies, 1985).



2.2 Adverse Health Outcomes of Precocious Menarche

The declining trend in menarcheal age is considered a public health issue since
girls who experience precocious menarche are at higher risk for various negative health
outcomes in their adulthood (Day, Elks, Murray, Ong, & Perry, 2015). Studies have
continued to add evidence supporting associations between younger age at menarche and
higher risks for adulthood obesity, type 2 diabetes, CVD, and breast and endometrial
cancers (F. R. Day et al., 2017; Elks et al., 2013; Farahmand et al., 2017; R. Lakshman et
al., 2009b; Prentice & Viner, 2013). In studies, precocious menarche appeared to be
associated with approximately twice the odds of adult obesity and 1.7 to 3.6 times the
risk of type 2 diabetes (Elks et al., 2013; Farahmand et al., 2017; Prentice & Viner,
2013). The odds of CVD incidence among women who had menarche before 12 years of
age was 28% greater than that of those women who did not have menarche before 12
years (Rajalakshmi Lakshman et al., 2009). Regarding breast and endometrial cancers, a
large-scale genomic study demonstrated that the increase in age at menarche by one year
was associated with decreased odds of breast and endometrial cancers by 6.5% and by
22% respectively (Felix R. Day et al., 2017).
2.3 Determinants of Precocious Menarche

Much research conducted to identify determinants of pubertal development timing
has revealed that age at menarche is not determined by a single factor, but by the
complex interaction of numerous factors (Karapanou & Papadimitriou, 2010). Based on
studies, the factors that are thought to play a role in determining the onset of menarche
include both genetic and non-genetic factors (Karapanou & Papadimitriou, 2010).

Regarding genetic effects, a study suggested that genetic factors accounted for



approximately half of impact on determining age at menarche independent of shared
environments, and this finding was consistent with many previous studies (Towne et al.,
2005).

With regards to non-genetic factors associated with age at menarche, many
studies report that childhood obesity and nutrition are correlated with age at menarche
(Karapanou & Papadimitriou, 2010). Childhood obesity is a well-known risk factor that
has shown a consistent link with precocious menarche although causality has not been
explicitly proven (Ahmed et al., 2009). A large-scale study demonstrated that girls with a
BMI at the 75™ percentile were at approximately 1.8 times greater risk of onset of
menarche before the age of 11 than were girls with a BMI of the 25™ percentile
(Freedman et al., 2002).

Effects of nutritional or dietary habits on age at menarche have been investigated
by many researchers as another potential influence on onset of menarche. Numerous
studies suggest that higher intake of animal foods during childhood is related to earlier
onset of menarche and higher animal protein was considered to be an important
contributing factor (Berkey et al., 2000; Cheng et al., 2012; Gunther, Karaolis-Danckert,
Kroke, Remer, & Buyken, 2010; Villamor & Jansen, 2016). A study reported that higher
meat intake in childhood was strongly associated with promoting onset of menarche
(Rogers et al., 2010). The study especially indicated that an increased protein intake and
meat consumption at age 7 elevated the odds of onset of menarche at age 12.7 years by
14% and 57%, respectively (Rogers et al., 2010).

2.4 Milk Consumption



Milk is a well-known food source of protein as well as other essential nutrients
and has been widely consumed as part of routine dietary components, especially by
children (Rozenberg et al., 2016; Wiley, 2012). According to the 2003-2006 NHANES,
milk served as the most important dietary source for children’s total energy (7%) and
protein (13.2%) (Keast, Fulgoni, Nicklas, & O'Neil, 2013). The wide consumption of
milk among children may be largely attributable to the government’s recommendation on
milk intake through Dietary Guidelines for Americans (DGA). Since 1980, the
Department of Health and Human Services (HHS) and the Department of Agriculture
(USDA) have officially recommended regular milk consumption through DGA due to its
benefits such as adequate growth and bone health (U.S. Department of Agriculture and
U.S. Department of Health and Human Services, 1980, 1985, 1990, 1995, 2000, 2005,
2010, 2015). Since 1990, the HHS and USDA suggested a specified recommended
amount of milk intake, ranging from 2 to 3 cups of fat-free or low-fat milk per day.

2.5 Studies about Milk Intake and Onset of Menarche

Despite the benefits of milk intake, milk has been suggested to contribute to onset
of menarche at an earlier age (Kato, Tominaga, & Suzuki, 1988; Ramezani Tehrani et al.,
2013; Wiley, 2011). A limited number of studies have been conducted to assess the
association between milk consumption and age at menarche; many of these studies have
been conducted with participants in countries other than the United States (Carwile et al.,
2015; Gaskins et al., 2017; Kato et al., 1988; Ramezani Tehrani et al., 2013; Wiley, 2011;
Zhu et al., 2006). Results vary vastly across or within the study, and thus, the association

between milk consumption and precocious menarche still remains unclear.
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A baseline survey for a population-based cohort study in Japan obtained
information regarding factors related to late menopause and early menarche (Kato et al.,
1988). The study collected relevant data from 17,790 women aged 40 or more. The
women were categorized into three groups of early (mean 12.5 years), average (mean
14.6 years), and late (mean 17.2 years) menarche according to the age distribution. In
this study, daily intake of milk was positively associated with early menarche
(standardized partial regression coefficient of daily milk intake=0.039, p<0.01).
However, it should be noted that current milk intake was used as a proxy for past milk
intake. Thus, the exposure may be misclassified. Additionally, generalizability may be
limited since the study participants were Japanese women who lived in two selected
regions. In addition, the study was published approximately 30 years ago and thus, the
results may not be applicable to more recent cohorts.

A 2-year school milk intervention study assigned 698 Chinese girls aged 10 years
into three groups that received calcium-fortified milk, calcium and Vitamin D-fortified
milk, or nothing and followed them for three years. The researchers found no significant
difference in mean age at menarche among the three groups (12.2 years, 12.1 years, and
12.2 years for the calcium-fortified milk group, the calcium and vitamin D-fortified milk
group, and the control group respectively, p=0.6) (Zhu et al., 2006). It is important to
note that the control group was told to continue their usual dietary habits. Thus, the lack
of significant results could be due to the fact that the control really resembled one of the
milk groups studied. Also, since the milk intake-age at menarche association was not the

main focus of the study, the authors did not control for any potential confounding factors.
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Furthermore, this study may not be generalizable to other populations since the study was
conducted in nine schools in China.

A study analyzed 1999-2004 NHANES data in multiple ways to investigate the
association between milk and age at menarche by using two samples of females (2,657
females ages 20-49 years and 1,008 girls ages 9-12 years) (Wiley, 2011). To analyze the
adult female data, the researchers grouped the women into three categories (daily,
sometimes/varied, and never/rarely) based on their milk consumption frequency at ages
5-12 years. By conducting a multivariate linear regression, the study found a weak
negative association between milk consumption and age at menarche after controlling for
ethnicity and country of birth (3=—0.317 years, p<0.095 for the “daily” group and
=—0.378 years, p<0.061 for the “sometimes/varied” group, each compared to the
“never/rarely” group) (Wiley, 2011). In addition, Cox regression did not find any
difference in the risk of early menarche (<12 years) between the compared groups:
“daily” vs. “never/rarely (Hazard Ratio [HR]=1.25, p<0.23) and “sometimes/varied” vs.
“never/rarely” (HR=1.20, p<0.42) (Wiley, 2011). Similarly, when the researchers
considered the younger girls (ages 9-12 years) who participated in NHANES they found
no association between frequency of milk consumption in the past 30 days and early
menarche (<12 years) after adjusting for birth weight, ethnicity, and overweight status
(daily vs. never/rarely/sometimes/varied [HR=0.9, 95% CI: 0.6, 1.6]) (Wiley, 2011).
However, among the young girl sample, an association between quantity of milk
consumed in the past 24 hours and early menarche was observed, Specifically, girls who
consumed milk up to 244g in the past 24 hours had a lower risk of early menarche

(HR=0.6, 95% CI: 0.4, 0.9, p<0.02) than did girls who consumed milk 245g or more after
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adjusting for birth weight, ethnicity, overweight status, height, total calcium intake, and
dairy fat intake (Wiley, 2011).

In sum, despite the multipronged approach used to investigate the association
between milk consumption and age at menarche in the NHANE dataset, the study yielded
inconsistent results and has some factors that hampered comparability and usability of the
results. In the study, age at menarche was predicted by linear regression, which is used
when the dependent variable is a continuous variable (Alexopoulos, 2010). However, the
dependent variable, age at menarche of the adult women who participated in the
NHANES, was collected as a whole number rather than as a continuous variable (Centers
for Disease Control and Prevention, n.d.d.). The way age was measured may have
weakened the study’s finding. Furthermore, although this study limited the age range of
the sample included in the analysis to 20-49 years to prevent a cohort effect, i.e., a
period-related effect that may affect age groups differently, it is still possible that a cohort
effect had an impact on the result (Keyes, Utz, Robinson, & Li, 2010). In addition, since
onset of menarche is determined by both genetic and non-genetic factors, not only
country of birth but also length of time participants have lived in the United States prior
to menarche may be important to include as covariates (Karapanou & Papadimitriou,
2010).

A prospective cohort study that enrolled 134 representative Iranian girls aged
between 4 and 12 years provided evidence that milk consumption at pre-pubertal ages has
a role on the odds of menarche at or under the age of 12 years (Ramezani Tehrani et al.,
2013). Milk intake was measured two times, approximately 10 days apart, by expert

dietitians and converted into grams. Age at menarche was collected in the form of a
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whole number by asking participants an open-ended question: “At what age did you have
your first menstrual period?”” To assure better accuracy of the data, participants were
asked the probing question “Do you remember what grade you were when your
menstruation began?” In the study, total energy intake, protein intake, age interval
between study initiation and onset of menarche, maternal age at menarche, and BMI were
adjusted for in different regression models (Ramezani Tehrani et al., 2013). After
adjustment, girls who consumed more than 34 grams of milk a day had over twice the
odds of onset of menarche at age 12 or younger compared to girls who consumed milk
less than 34 grams a day (OR=2.34, 95% CI: 1.05, 5.18, p=0.04) (Ramezani Tehrani et
al., 2013). However, this study included a relatively small sample size and the results
may not be applicable to the United States population due to possible differences in milk
consumption patterns and other dietary habits.

A prospective cohort study that followed 5,583 premenarcheal girls aged 9 to 14
years from the United States from 1996 through 2001 investigated the association
between milk consumption and age at menarche (Carwile et al., 2015). Participants were
asked to complete questionnaires annually. For milk consumption frequency, participants
were asked to answer on average, how frequently they consumed 1 glass of milk. The
accumulated data on frequency of milk intake before menarche were averaged for
analysis. To measure age at menarche, participants were asked if their menstrual cycles
had begun and if so, their age and the calendar month at menarche. The factors that
served as covariates included total energy intake, maternal age at menarche,
race/ethnicity, physical activity, inactivity, birthweight, sugar-sweetened beverage

consumption, household composition (no father or stepfather, father, and stepfather),
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frequency of family dinner, BMI, and height. In the model that adjusted for all factors
except BMI and height, girls who consumed more than 3 glasses of milk per day did not
show an increased risk of attaining menarche in the next month compared to those girls
who consumed 1.1-4 glasses of milk per week (HR=0.93, 95% CI: 0.83, 1.04). After
BMI and height were controlled for, girls who consumed more milk had a decreased risk
of attaining menarche in the next month compared to the referent group (HR=0.87, 95%
CI: 0.77, 0.97). With the assumption that BMI or height may be on the causal pathway
between milk consumption and age at menarche, the study intentionally differentiated the
models with or without BMI and height to avoid overadjustment. Overall, the study
found that regular milk consumption after the age of 9 years does not affect onset of
menarche (Carwile et al., 2015). The findings of this study may not be generalizable to
other populations since the participants are children of registered nurses in 15 states who
were enrolled in Nurse’s Health Study I (Curhan, Willett, Knight, & Stampfer, 2004;
Rockett, Berkey, Field, & Colditz, 2001).

A prospective study conducted in Chile also did not find a clear association
between milk consumption and onset of menarche (Gaskins et al., 2017). The study
followed 324 girls aged 3 and 4 years for 10 years starting in 2006 to assess the
association between dairy product intake and pubertal development. Data on dietary
intake and date of menarche were collected every 6 months. The results of this study
showed inconsistent findings regarding the role of milk intake on onset of menarche.
Total milk intake did not appear to have a role in early onset of menarche after
adjustment for total energy intake, sugar-sweetened beverage intake, television watching

after school, maternal age at menarche, maternal education level, BMI, and height
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(HR=0.85, 95% CI: 0.60, 1.22, p-trend=0.55). However, low fat milk was associated
with decreased risks of menarche in the next month by 28% to 43% (HR=0.57, 95% CI:
0.40, 0.82 for low fat milk consumption 1-125g/d and HR=0.72, 95% CI: 0.48, 1.07 for
low fat milk consumption more than 125g/day, each compared to the group that did not
consume low fat milk). This study result cannot be generalized to other populations
because the participants were Chilean girls with low-middle socioeconomic status
(Gaskins et al., 2017). In addition, the study had a relatively small sample size.
2.6 Possible Biological Mechanisms

Given that milk serves as a primary source of energy and various macronutrients
like many other foods, it is important to focus on components that distinguishably exist in
milk when evaluating its role on the onset of menarche (Wiley, 2012). Insulin-like
growth factor I (IGF-I), part of protein fraction in milk, is one of the components that has
been researched extensively (Wiley, 2012). According to a study of Danish children,
increased milk intake at 2.5-year-old was associated with increased levels of circulating
IGF-I in children (Hoppe et al., 2004). An elevated IGF-I level has been shown to
stimulate the release of Gonadotrophin-releasing hormone (GnRH), which regulates
timing of puberty (Daftary & Gore, 2005). GnRH is well known to play a critical role in
activating reproductive maturation (Ebling, 2005). These mechanisms are also supported
by another study that reported higher levels of IGF-I at age 8 were associated with earlier
age at menarche (Thankamony et al., 2012). Taken together, milk may have a role in
accelerating the onset of menarche by increasing the level of circulating IGF-1, which
enhances GnRH secretion, and consequently, activates pubertal development and

contributes to earlier age at menarche.
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2.7 Summary and Concluding Remarks

Age at menarche has shown a remarkable decrease over time (Karapanou &
Papadimitriou, 2010; Wyshak & Frisch, 1982). Consequently, precocious menarche has
emerged as an important public health issue due to its association with various negative
health outcomes in adulthood (F. R. Day et al., 2017; Farahmand et al., 2017; R.
Lakshman et al., 2009a; Mishra et al., 2017; Prentice & Viner, 2013). Since the onset of
menarche results from the complex interactions of various factors involved, the
independent effects of each factor on age at menarche are still largely unclear. Postnatal
factors that have been reported to have an association with earlier age at menarche
include childhood obesity, physical activity, and nutritional habits, in particular, higher
intake of animal protein (Ahmed et al., 2009; Cheng et al., 2012; Gunther et al., 2010;
Jansen et al., 2016; Karapanou & Papadimitriou, 2010).

Milk is one of the most common sources of animal protein. Given that the United
States Department of Agriculture encourages regular milk consumption through Dietary
Guidelines for Americans, drinking milk has become a common dietary habit in the
United States (Wiley, 2012). Despite various benefits of milk consumption such as it
being a good source of energy and other macronutrients, it is possible that milk intake
plays a role in earlier age at menarche. However, evidence of the role of milk in onset of
menarche is sparse and inconsistent. Many of the key studies enrolled relatively small
number of samples (Gaskins et al., 2017; Ramezani Tehrani et al., 2013; Zhu et al., 2006)
or had incomplete control of confounding (Wiley, 2011; Zhu et al., 2006). In addition,
many studies were conducted outside the United States (Gaskins et al., 2017; Kato et al.,

1988; Ramezani Tehrani et al., 2013; Zhu et al., 2006). However, findings from the
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studies may not be applicable to other populations due to the lack of racial/ethnic
diversity in their study samples. Therefore, if a study that utilizes a representative sample
of United States population is conducted, findings from the study may be more useful
since the study population will be more diverse with respect to ethnicity/race. Although
the study based on the 1999-2004 NHANES used a nationally representative sample,
there is an opportunity to extend that work (Wiley, 2011). The current study analyzed
childhood milk consumption patterns of over 4,700 females and their age at menarche
using the 2005-2014 NHANES and additionally controlled for birth cohort and adult BMI
as a proxy for childhood BMI (Serdula et al., 1993). This study aimed to provide
additional evidence regarding the role of milk intake in the onset of menarche that can be

generalized to the United States population.
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CHAPTER 3. HYPOTHESIS

This cross-sectional study examined the association between frequency of milk
intake between ages 5 and 12 and reported age at menarche among females aged between
20 and 49 years who participated in the National Health and Nutrition Examination

Survey (NHANES) from 2005 through 2014. The specific hypothesis was:

e There is a dose-response relationship between consumption of milk and odds
of precocious menarche. Females who consumed milk daily or
sometimes/varied between the ages of 5 and 12 will have increased odds of
precocious menarche compared to those females who never or rarely

consumed milk between the same age period.
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CHAPTER 4. METHODS

4.1 Study Design and Population

My research used data from the 2005-2014 National Health and Nutrition
Examination Survey (NHANES). NHANES, a cross-sectional survey designed by the
National Center for Health Statistics (NCHS) that was first initiated in the early 1960s, is
designed to collect data focusing on different target populations or health topics (Centers
for Disease Control and Prevention, 2017). In 1999, NHANES became a continuous
biennial survey that assesses the health and nutritional status of adults and children
residing in the United States (CDC, 2017). Unlike the other programs governed by
NCHS, NHANES uses a combination of interviews, physical examinations, and
laboratory tests to assess the health and nutritional status of United States residents
(CDC, 2017).

Since 1999, NHANES has covered a variety of items associated with respondents'
health and nutrition as well as items related to demographics (CDC, 2017). NHANES
data provide basic information that describes national standards for measured
components such as height, weight, and blood pressure (CDC, 2017). NHANES data
also serve as the basis for assessing the nutritional status of the population, determining
the prevalence of major diseases, and identifying risk factors for diseases (CDC, 2017).
Ultimately, the data are used in epidemiological studies, and research findings contribute
to public health policy development, health intervention planning, and health knowledge
dissemination (CDC, 2017).

NHANES employs a complex probability sampling method that selects

participants through multiple stages to extract a representative sample of the non-
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institutionalized United States civilian population of all ages (Centers for Disease Control
and Prevention, 2013a). Selection of participants is conducted in four stages, which
include selecting primary sampling units (PSUs), segments, households, and individuals
respectively (Centers for Disease Control and Prevention, 2013a, 2016). In the first
stage, all the counties in the United States are divided into 15 groups. Mostly, a single
county is selected from each group, and accordingly, 15 counties participate in the
NHANES surveys. These counties serve as PSUs. In the second stage, segments, which
are generally city blocks, are formed within each PSU and 20 to 24 segments are selected
from each PSU. In the next stage, households in each segment are identified and a
random sample of 30 households is drawn from each segment. In the last stage, some,
all, or none of the household members are randomly selected by a computer algorithm
(Centers for Disease Control and Prevention, 2013a, 2016). To assure reliability and
precision, NHANES oversamples certain population subgroups of specific public health
interest (CDC, 2013a). Mexican Americans, low-income White Americans, persons age
60 and older, and adolescents aged 12-19 years are examples of subgroups oversampled
in the past (Centers for Disease Control and Prevention, n.d.a.).

The NHANES program uses several different modes of data collection for
enhanced efficiency, quality, and accuracy of data (Centers for Disease Control and
Prevention, 2013b). Trained interviewers, including bilingual interviewers, use
Computer-Assisted Personal Interview (CAPI) technology to conduct initial in-person
interviews that take place in participants’ homes (Centers for Disease Control and
Prevention, n.d.b.). Participants who complete the initial interview may participate in

physical examinations and laboratory tests. Both physical examinations and laboratory
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tests that are performed by physicians and/or other required special technicians take place
in standardized Medical Examination Centers (MECs) (CDC, n.d.b.). The standardized
environments of MECs allow the examination and laboratory teams to minimize site-
specific errors by using systemized equipment and specimen collection (CDC, n.d.b.).
Additional health interviews, including the dietary interview and private health interview
were conducted in the MEC (Zipf et al., 2013). In these interviews, CAPI and Audio
Computer-Assisted Self-Interviewing system (ACASI) were used (Zipf et al., 2013). The
duration of an individual examination varies by age and gender and was between 40
minutes and 4 hours (Zipf et al., 2013).

Among all participants of the NHANES, females who participated in the
NHANES between 2005 and 2014, were aged between 20 and 49 at the time of
participation, and provided complete information on the exposure and outcome were
included in this study. Annually, approximately 5,000 individuals are interviewed and
examined through NHANES (CDC, 2017). In the five consecutive NHANES cycles
encompassing 2005 through 2014, a total of 66,840 individuals were screened. Among
the screened individuals, there were a total of 33,593 females. Of the screened females,
9,883 were aged between 20 and 49. The response rate of the female participants in the
age group was 77.5% (7,656 persons) for completion of the health interview and 75.3%
(7,438 persons) for completion of all components of the study (Centers for Disease

Control and Prevention, n.d.c.).
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4.2 Measurement of Variables
4.2.1 Exposure Variable

The main exposure in this study is frequency of milk intake between the ages of 5
and 12 years old. This information was collected during the diet behavior and nutrition
interview. During the interview, participants were asked how often they had drunk any
type of milk, including milk added to cereal, when they were a child between the ages of
5 and 12 years old. They were given predetermined response options, which were never,
rarely (less than once a week), sometimes (once a week or more, but less than once a
day), often (once a day or more), and varied. These response options were collapsed into
three categories. If the respondent answered “never” or “rarely - less than once a week”,
she was considered unexposed. Respondents who answered “sometimes - once a week or
more, but less than once a day” or “varied” were considered sometimes/varied consumers
of milk while respondents who indicated “often — once a day or more” were categorized
as daily consumers of milk. Women who responded with “refused” or “don’t know”
were not included in the analyses. This categorization has been used in a prior study that
evaluated the association between milk consumption and age at menarche (Wiley, 2011).
4.2.2 Outcome Variable

The outcome of interest is precocious menarche. Based on the mean age at
menarche in girls living in the United States and definitions of precocious menarche in
various studies, this study considers precocious menarche as onset of menarche before
the age of 12 (Gaudineau et al., 2010; Ibitoye et al., 2017). Precocious menarche was
assessed based on the reproductive health data. Participants were asked their age at

menarche during the reproductive health interview session. The exact question the



23

participants were asked was “How old were you when you had your first menstrual
period?” If the reported age at menarche was under 12 years, the participant was
considered to have the outcome. If the response was 12 and above or “not yet started”,
the participant was not considered to have the outcome. The analyses excluded responses
of “refused” or “don’t know”.
4.3 Covariates

Information on demographic characteristics collected on the NHANES
questionnaires was considered as potential confounding factors. The considered
confounding factors were based on the literature and other factors that are not believed to
be on the causal pathway between exposure and outcome. The potential confounders that
were assessed included birth cohort (birth year before 1960, birth year between 1961 and
1970, birth year between 1971and 1980, and birth year between 1981 and 1993),
race/ethnicity, country of birth, length of time in the United States prior to menarche, and
BMI (Wiley, 2011). Adult BMI was used as a proxy for childhood BMI since childhood
BMI data were not collected from participants and adult BMI is known to be highly
correlated with childhood BMI (Serdula et al., 1993).
4.4 Data Analysis

The frequencies and percentages of demographic characteristics, milk
consumption during childhood, and age at menarche were calculated to summarize the
characteristics of the participants in the study. By using logistic regression, unadjusted
odds ratios and 95% confidence intervals were calculated to assess the crude association
between milk intake frequency between the ages of 5 and 12 and precocious menarche.

In addition, associations between each of the covariates and precocious menarche were
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examined to identify other risk factors. Multivariate logistic regression was used to
calculate adjusted odds ratios and 95% confidence intervals to determine the association
between milk intake frequency between the ages of 5 and 12 and precocious menarche.
To identify which factors to adjust for in the final model, a backward elimination
approach was used. In addition to the exposure, potential confounders that had a p-value
<0.20 were retained in the final model (Budtz-Jorgensen, Keiding, Grandjean, & Weihe,
2007). SAS 9.4 was used to analyze the data. Due to the complex probability sampling
method employed by NHANES, weighted analyses were performed using PROC
SURVEY procedures in SAS.
4.5 Sample Size and Power

A total of 4,740 females aged between 20 and 49 were included in this analysis.
Considering those who never or rarely consumed milk between ages 5 and 12 as the
unexposed and experiencing menarche before the age of 12 as the outcome of interest,
the ratio of unexposed:exposed was approximately 0.04:1 and the frequency of the
outcome among the unexposed was approximately 24.4%. With the confidence level set
at 95%, power at 80%, the ratio of unexposed to exposed at 0.04:1, and the frequency of
the outcome among those who never or rarely consumed milk between ages of 5 and 12

of 24.4%, the smallest detectable OR was 1.63.
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CHAPTER 5: RESULTS

5.1 Univariate Analysis

A total of 7,438 females aged between 20 and 49 years participated in the 2005-
2014 NHANES. Females were excluded if they did not provide information about
menarcheal age (n=1,040) or if they answered that they had not yet reached menarche
(n=3). Females were also excluded if they did not answer the question on milk
consumption frequency between the ages of 5 and 12 years (n=1,655). After excluding
those females, 4,740 females were available for analysis.

The majority of females were non-Hispanic White (64.3%), followed by Hispanic
(16.4%), non-Hispanic Black (12.1%), and others (7.1%; Table 1). The majority of
females (85.4%) responded that they had consumed milk daily between the ages of 5 and
12 while those who consumed milk sometimes/varied and never/rarely consumed milk
during the same period accounted for 10.8% and 3.8% respectively. Over three quarters
of respondents reported that they reached menarche at the age of 12 years or above
(78.8%). Respondents with precocious menarche, menarche reached before the age of 12
years, accounted for 21.2% of the sample.

Among those women who consumed milk daily or sometimes/varied during childhood,
65.2% were non-Hispanic White while among those who never/rarely consumed milk
during childhood, non-Hispanic White females accounted for only 41.6%. Only 6.8% of
the study participants were born prior to 1961. The remaining women were fairly evenly
distributed across the remaining birth cohorts (birth cohort 1961-1970: 32%, birth cohort
1971-1980: 31.4%, and birth cohort 1981-1993: 29.8%). The majority of respondents

were born in the United States (82.1%), and in turn, most women spent 6 years or more in
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the United States before menarche (85.8%). Among females who responded that they
had never/rarely consumed milk during childhood, those who were born in the United
States accounted for slightly more than half (56.5%). However, among females who
consumed milk daily or sometimes/varied during childhood, the majority were born in
the United States (84.0% for females who consumed milk daily and 76.3% for females
who consumed milk sometimes/varied).

5.2 Bivariate Analysis

Females who consumed milk daily or sometimes/varied between the ages of 5 and
12 had approximately 20% decreased odds of precocious menarche as compared to those
females who never or rarely consumed milk between the same age period
(sometimes/varied: OR=0.81; 95% CI: 0.45-1.47 and daily: OR=0.83; 95% CI: 0.55-
1.25; Table 2); however, these findings were not statistically significant.

Non-Hispanic Black and Hispanic females had over 1.5 times increased odds of
precocious menarche compared to Non-Hispanic White females (non-Hispanic Black:
OR=1.55; 95% CI: 1.27-1.88 and Hispanic: OR=1.60; 95% CI: 1.30-1.97). Females of
other races had slightly increased odds of precocious menarche compared to Non-
Hispanic White females; however, the odds ratio was not statistically significant (Others:
OR=1.16; 95% CI: 0.86-1.57).

Compared to females who were born before 1961, females who were born after
1970 had greater odds of precocious menarche (females born between 1971 and 1980:
OR=1.15; 95% CI: 0.77-1.70 and females born between 1981 and 1993: OR=1.24; 95%

CI: 0.85-1.81). In contrast, females born between 1961 and 1970 had 12% decreased
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odds of precocious menarche compared to those born before 1961 (OR= 0.88; 95% CI:
0.57-1.35). However, the results were not statistically significant.

Females born in the United States had a nearly 10% increased odds of precocious
menarche compared to those born in countries other than the United States and the result
was not statistically significant (OR=1.11; 95% CI: 0.90-1.37). Compared to females
with adult BMI classified as underweight or normal weight, females with higher adult
BMI had greater odds of precocious menarche. Specifically, females who were classified
as being obese in adulthood had over twice the odds of precocious menarche compared to
females with adult BMI of under/normal weight, and the result was statistically
significant (OR=2.26, 95% CI: 1.85-2.77). Females who were classified as being
overweight as adults, however, had 20% increased odds of precocious menarche
compared to those with underweight/normal adult BMIs, but the result was not
statistically significant (OR=1.20; 95% CI: 0.94-1.52).

5.3 Multivariate Analysis

After adjustment for race/ethnicity, birth cohort, country of birth, and BMI, the
magnitude of the association between milk consumption between the ages of 5 and 12
years and precocious menarche remained relatively unchanged, and the results continued
to not be statistically significant. Specifically, females who consumed milk
sometimes/varied between ages 5 and 12 years had 23% decreased odds of precocious
menarche compared to those who never/rarely consumed milk during the same period
(OR=0.77; 95% CI: 0.42-1.43). In addition, females who consumed milk daily during the
same period also had decreased odds of precocious menarche compared to those who

never/rarely consumed milk (OR=0.82; 95% CI: 0.53-1.27).
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CHAPTER 6. DISCUSSION

6.1 Summary of Main Findings

This cross-sectional study found that the frequency of milk consumption between
the ages 5 and 12 was associated with decreased odds of precocious menarche after
adjustment for race/ethnicity, birth cohort, country of birth, and adult BMI. However,
these findings were not statistically significant.

Although studies have been conducted to assess the association between milk
consumption pattern and age at menarche, findings have been inconsistent. The findings
of the current study were consistent with the results of a previous study that also used
NHANES data as well as a large scaled prospective study conducted in the United States
(Carwile et al., 2015; Wiley, 2011). The findings of the current study were also similar in
terms of the direction and magnitude of the association with those of a prospective study
that followed Chilean girls aged 3 and 4 years (Gaskins et al., 2017).

In contrast, the results of this study did not support findings of some studies
conducted outside the United States. In a cross-sectional study conducted in Japan, Kato
et al. found that daily milk consumption was one of the factors positively associated with
earlier age at menarche (Kato et al., 1988). Similarly, in the prospective cohort study in
Iran in 2013, the researchers found that higher daily milk intake between ages 4 and 12
years played a role in attaining menarche before the age of 12 after adjustment for total
energy and protein intake, maternal age at menarche, BMI, and the length of time of
participation in the study (Ramezani Tehrani et al., 2013). The inconsistency in results

may be attributable to differences in the measurement of the exposure, i.e., consumption
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frequency or amount of intake, study sample age ranges, sample size, and general milk
consumption patterns that vary across countries.
6.2 Strengths and Limitations

Like all research, the present study also has strengths and limitations and they are
described in the following passages:
6.2.1 Nondifferential Misclassification

Nondifferential misclassification may have occurred both for the exposure and the
outcome. The exposure, frequency of milk consumption between the ages of 5 and 12
years, was self-reported by respondents during the health interview. It is possible that
respondents may have incorrectly reported their milk consumption behaviors between the
ages of 5 and 12 years especially since they were being asked to recall their diet from at
least 8 to 15 years ago. In addition, as the exposure was only measured in terms of intake
frequency despite various types of milk depending on fat level, organic/non-organic
product, hormone-treated/non-hormone-treated product, and cow milk/non-cow milk, this
also can contribute to nondifferential misclassification. If nondifferential
misclassification of the exposure occurs the results will be based toward the null value.

Nondifferential misclassification of age at menarche is also possible. The
outcome in the current study, the onset of menarche before the age of 12, was obtained
through the health interview by asking participants their age at menarche. Given that
menarche is a significant event in a woman’s life, women may have accurately reported
their age at menarche (Must et al., 2002). If nondifferential misclassification of the
outcome occurs, it may bias the association toward the null.

6.2.2 Selection Bias
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NHANES employs a complex sampling method to select participants for the
survey. The average response rate for the women aged 20-49 years was 77.5% for
completing the interview. It is possible that women who participated in the study are
different from those who did not participate. For example, women who participated may
have been more engaged in regular milk consumption as part of healthy diets compared
to those who did not participate. However, the extent to which participation in NHANES
is related to both the exposure and the outcome is unknown. Given the response rate of
77.5%, selection bias is not likely to meaningfully affect the results. If selection bias did
occur, however, the assessed association between the exposure and the outcome would
either overestimate or underestimate the true association.

6.2.3 Information Bias

Information bias is unlikely in this study. The trained interviewers were
responsible for collecting data and thus, it is unlikely that the interviewers would have
acted or spoken differently to participants if he/she was aware of whether or not the
participants had reached menarche before the age of 12 years.

6.2.4 Temporal Bias

A cross-sectional study, the study design employed in the current study, is
susceptible to temporal bias since exposure and outcome information is collected
simultaneously. In the current study, however, the temporal sequence between the
exposure and the outcome is relatively clear given that the question for the exposure
specified the exact time period. Therefore, temporal bias may be less of a concern in the
current study.

6.2.5 Confounding
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The potential confounders controlled for in this study were selected from the
variables that were available in the NHANES data. This study aimed to assess the
association between participants’ past dietary behaviors and age at menarche. Given that
most information collected by NHANES pertains to current characteristics or status of
participants, potential confounders that could be included in the study were somewhat
limited. This study controlled for birth cohort, race/ethnicity, country of birth, length of
time in the United States before menarche, and BMI (Karapanou & Papadimitriou, 2010;
Wiley, 2011). It is not possible to control for other potential confounding factors,
including maternal menarcheal age, maternal weight gain during pregnancy, birth weight,
childhood obesity, and total energy intake between ages of 5 and 12 years. Additional
unknown confounders are also possible. Failure to control for these potential
confounders could result in an over- or underestimation of the true association.

6.2.6 Generalizability

The 2005-2014 NHANES employed a complex, multistage probability sampling
method to generate a sample that is representative of the non-institutionalized United
States civilian population of all ages. In addition, NHANES oversampled
underrepresented population subgroups to ensure the representativeness of the sample.
Therefore, the results of this study may be generalized to non-institutionalized women
ages 20-49 years living in the United States.

6.3 Implications and Future Research

Precocious menarche, a well-known risk factor for breast cancer and other various

negative health outcomes, has increased among girls residing in the United States over

time and in turn, has emerged as an important public health issue. The onset of menarche



32

is determined not by a single factor, but by a combination of various factors that
interrelate together. Studies to identify risk factors of precocious menarche have been
conducted by many researchers. Previous studies have identified elevated BMI or
childhood obesity as a strong predictor of precocious menarche (Ahmed et al., 2009;
Freedman et al., 2002). However, study results on other potential risk factors are
inconsistent and the biological mechanisms are still largely unknown (Cesario & Hughes,
2007; Wiley, 2012; Yermachenko & Dvornyk, 2014). Milk consumption before onset of
menarche is an example of one such factor. Only a few studies have been conducted to
assess the association between milk consumption and precocious menarche and the
studies yielded inconsistent results (Carwile et al., 2015; Gaskins et al., 2017; Kato et al.,
1988; Ramezani Tehrani et al., 2013; Wiley, 2011, 2012; Zhu et al., 2006). While some
studies found an inverse relationship between milk consumption and age at menarche,
other studies found no association or even reported that milk intake may delay onset of
menarche. Therefore, conclusive evidence for its role in precocious menarche is limited.
Milk consumption is encouraged through Dietary Guidelines for Americans by
USDA, and in turn, milk is one of the widely consumed foods among children. However,
if excessive or too frequent milk consumption could be a risk factor of early onset of
menarche, children need to be more cautious about their milk consumption despite
various benefits of regular milk intake as a source of diverse nutrients. Given that the
review of past literature found that it is still controversial to draw a conclusion on
whether milk plays a critical role in precocious menarche due to inconsistent study
results, this study provides additional evidence for milk consumption between the ages 5

and 12 years not affecting onset of menarche. However, the evidence is still insufficient
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to draw a definitive conclusion on the association between milk and precocious menarche
and in turn, further studies are needed. Future studies that examine the role of milk on
precocious menarche in a more sophisticated way by controlling possible critical
confounding factors such as diet, childhood BMI, and genetic factors such as maternal
menarcheal age are necessary. In addition, the assessment of milk consumption should
be more fully developed. For example, fat level, organic/non-organic product, and
hormone-treated/non-hormone-treated product are all potentially important factors to
consider. Furthermore, the exposure assessment can be improved by measuring not only
the frequency of consumption, but also the true amount of intake. In addition, by better
categorizing milk, i.e., cow milk, soy milk, almond milk, and so forth, it may be possible
to better determine if milk consumption plays a role in early menarche. Finally,
including additional information on consumption of dairy products other than milk in
future research will also help investigate whether or not milk has a critical role on

precocious menarche.
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! Weighted percentage

2 BMI categorization

Under/Normal weight: Body Mass Index below 24.9 kg/m?
Overweight: Body Mass Index 25.0-29.9 kg/m?

Obese: Body Mass Index 30.0 kg/m? and above
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Table 2. Unadjusted odd ratios (OR) and 95% confidence intervals (CI) of the
association between select characteristics and precocious menarche, NHANES 2005-
2014

Odds Ratios 95% Confidence Intervals
(OR) (CDH

Milk Consumption 5 - 12 yrs

Never/Rarely 1.00 Referent

Sometimes/Varied 0.81 0.45, 1.47

Daily 0.83 0.55,1.25
Race/Ethnicity

Non-Hispanic White 1.00 Referent

Non-Hispanic Black 1.55 1.27,1.88

Hispanic 1.60 1.30, 1.97

Others 1.16 0.86, 1.57
Birth Cohort

Born before 1961 1.00 Referent

Born between 1961-1970 0.88 0.57,1.35

Born between 1971-1980 1.15 0.77,1.70

Born between 1981-1993 1.24 0.85,1.81
Born in USA

Yes 1.11 0.90, 1.37

No 1.00 Referent
Length of Time in US before
Menarche

0-5 years 1.00 Referent

26 years 1.17 0.95, 1.44
Adult BMI

Under/Normal Weight 1.00 Referent

Overweight 1.20 0.94, 1.52

Obese 2.26 1.85,2.77
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Table 3. Adjusted odd ratio (OR?) and 95% confidence interval (CI) of the association
between frequency of milk consumption between ages 5 and 12 and precocious
menarche, NHANES 2005-2014

Odds Ratio 95% Confidence Interval
(OR?) (CDH
Milk Consumption 5 - 12 yrs
Never/Rarely 1.00 Referent
Sometimes/Varied 0.77 0.42, 1.43
Daily 0.82 0.53,1.27

3 Adjusted for race/ethnicity, birth cohort, country of birth, and adult BMI.



