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ABSTRACT

The purpose of this research is: 1) to advance our understanding of the impact early childbearing
may have on becoming obese among US women; and 2) to determine if earlier age at first birth
among minority women may contribute to their higher prevalence of obesity relative to white

women. Analyses are conducted with data from the Panel Study of Income Dynamics (PSID).

There are three specific aims.

Specific Aim 1: Describe how allostatic load provides a framework to understand the

contributions of reproductive events to body mass index (BMI) over the life course.

Specific Aim 2: Determine the impact of the transition to motherhood on BMI.

Specific Aim 3: Determine if the association between the transition to motherhood and

subsequent BMI differs by age at first birth and minority status.

Chapter three completes specific aim one by presenting the conceptual basis for the pathways
connecting childbearing, obesity and stress. It describes the manner in which these linkages may

contribute to obesity disparities among women in the US.

Chapter four completed specific aim two. It examines the association of the transition to
motherhood with a woman’s body mass index (BMI). Evidence supports a relation between

parity and an increase in BMI (p<0.004, 95%CI: 0.23, 1.12).
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Chapter five completes specific aim three by examining associations of obesity with age at first
birth and minority status. Results suggest that for each year beyond age 15 that a woman’s first
birth is delayed, BMI decreases by 0.20 units (p<0.001; 95%CI: -0.34, -0.06). Age at first birth
was most strongly associated with BMI among the youngest group of women. Women who
experienced their first birth at 21 years or younger had a BMI five units greater than women who

delayed childbearing until at least 30 years (5.02; p=0.02, 95%CI: 0.65, 9.40).

Evidence from these analyses support a positive association between childbearing and increasing
BMI. Findings suggest the most substantial impact occurs with the first birth and among women

who experience the transition to motherhood at 21 years or younger.
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CHAPTER 1

1.1 Purpose

Understanding how reproductive events may shape women’s long-term health status

is the overarching goal of this research. Gynecology and obstetrics are specialty fields
that focus specifically on the reproductive system, with emphasis on identification and
treatment of pathology. Structuring the provision of health care to women through the
lens of their reproductive system has resulted in a tendency to understand women’s
health through their reproductive capacity. This orientation may lend itself to thinking
of women’s reproductive capacity as separate and distinct from, rather than integral to,
their overall health and wellness.! By recognizing and considering the way in which
reproductive events are linked to other health outcomes, this research may advance a

more cohesive understanding of health and wellness in women’s lives.

Childbearing is the reproductive event of interest, particularly timing of first birth, and
obesity is the primary health outcome. The central research question guiding the analyses
is whether age at first birth impacts BMI for women. Differences in the timing of
childbearing are evident among racial and ethnic groups in the United States. While the
mean age at first birth among all US women between 2006 and 2010 was 23 years, it was
higher for non-Hispanic white women and lower for non-Hispanic black women, 24.1 and
20.9 years respectively.? Mean age at first birth for Hispanic women was 21.2.2 In 2012,

the mean age at first birth was 26.6 years for non-Hispanic white women, 23.6 years for



non-Hispanic black women, and 23.8 years for Hispanic women.® As age at first birth is
different for minority (black and Hispanic) and white women in the United States, findings
may provide new insights to the factors that contribute to health inequalities in obesity by

minority status.

The life course perspective tenders the theoretical orientation of this research. This
approach integrates the ways that situation, culture, time, and social organization affect
and are effected by individual developmental processes.* The life course perspective has
guided research in the field of maternal and child health successfully.>® Allostatic load
provides the conceptual framework connecting reproduction and obesity. By introducing
allostatic load as a potential mechanism linking these events, scholars recognize
childbearing as a potentially stressful event that may serve as a catalyst for changes in

physiological responses within the individual that, over time, may result in obesity.’

While research already has identified childbearing as one factor specific to women that
contributes to overweight and obesity, this work has focused primarily on gestational
weight gain and post-partum weight retention as the pathway that connects childbirth
and increased weight in mothers.*'> This work is helpful to understand proximal factors
relating childbirth and maternal weight, but is less informative for appreciating a long-
term relation between childbearing and obesity. A focus on gestational weight gain and
postpartum weight retention also makes it difficult to consider how the experiences

of nulliparous women further inform the contribution of childbearing to weight status

among women.



1.2 Specific Aims

The purpose of this research is: 1) to advance our understanding of the impact early
childbearing may have on becoming obese among US women; and 2) to determine if earlier
age at first birth among minority women may contribute to their higher prevalence of obesity

relative to white women. There are three specific aims:

Specific Aim 1: Describe how allostatic load provides a framework to understand the

contributions of reproductive events to BMI over the life course.

Specific Aim 2: Determine the impact of the transition to motherhood on BMI.

Specific Aim 3: Determine if the association between the transition to motherhood and

subsequent BMI differs by age at first birth and minority status.

Although it will not be directly evaluated, chronic disease is the logical endpoint of this
research agenda. Abundant evidence has established the link between obesity and the onset
of conditions such as hypertension and heart disease.'®!” Genetics, race and ethnicity also
are independent risk factors for these chronic health conditions.'®?° As age at first birth

is different between minority (black and Hispanic) and white women, a relation between
timing of childbirth and obesity may suggest broader health implications. Achieving more
similar timing of reproductive events among racial and ethnic groups may offer the potential
to narrow inequities in other health care outcomes related to obesity, such as diabetes and

hypertension. The dual significance of the primary outcome of this research is unusual.



Elevated BMI is not only an important outcome in its own right, but also one that has

important linkages to other public health priorities of considerable magnitude.

The conceptual framework guiding this research is portrayed in Figure 1. It displays the
proposed linkages between childbearing, obesity, stress and age at first birth. Chapter

3 discusses the theoretical origins of this framework, which draws upon the life course
perspective,* allostatic load,?"?? the weathering hypothesis,” and the environmental

affordances model.**

BIRTH PUBERTY CHILD BEARING MENOPAUSE DEATH

Single or Multiple births during reproductive years

o ®
Coping
Strategies
Minority Status Stress Welgl.lt changes
Socioeconomic Exposure associated with
Status _— and =P pregnancy and w=p BMI
Education Adaptation postpgrtum
period
Age at Pa.rity
First Birth Birth
Interval

Figure 1: The conceptual framework is grounded in the life course perspective and draws
upon core concepts from weathering, allostatic load and environmental affordances.
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1.3 Presentation of the Research

The chapter that follows (chapter two) presents a detailed description of the methods used
to conduct the analyses presented in chapters four and five. It includes a description of
the data, study inclusion and exclusion criteria, definitions of key variables, measurement
and a detailed discussion of the statistical tests used to perform analyses. Chapter three

is the first article and presents the theoretical basis for the link between early childbearing
and obesity, with particular attention to how this orientation offers new insight to obesity
inequities between minority (black and Hispanic) and white women. It also reviews

research related to childbearing and obesity.

Chapter four, the second article, examines BMI trajectories after childbirth and compares
nulliparous and parous women. While many studies have examined the difference
between weight prior to pregnancy and after delivery,'>***” a focus on change in

mean weight may obscure the range of changes in weight experienced by individuals.
For example, Olson found the mean weight gain one year after delivery was 1.51 kg,

yet almost 25% of women in the study gained 4.55 kg or more during this period.?
Other studies related weight gain to maternal BMI, reporting average change in BMI

classification after childbearing.'?28-3

There is limited consensus about the optimal follow-up period to evaluate retention of
gestational weight gain and studies demonstrate variability in length of follow-up.
29.31 Studies also compared maternal weight to the weight of women who do not have

children during the study period.? %2 By including women who do not have children,



the analyses presented in chapter four account for the effects of normative trends and
aging on obesity as distinct from childbearing. It also considers parity as a time-varying,

rather than indicator, variable.

The final article is presented in chapter five. It investigates how the transition to
motherhood may impact BMI differently by age at first birth and minority status.
Prior studies of maternal age at childbirth and maternal weight are limited. Among
women who became mothers in adolescence, prepregnancy BMI has been identified
as a significant predictor of obesity after childbearing.** Adolescents also have greater
gestational weight gain®** and develop more central adiposity compared to adults.?
One study found that young mothers (age 14-22) were more likely to be obese five
years after delivery than young women who did not have children, suggesting that
early childbearing may have unique implications for long-term weight status among
women.*! Findings from other studies suggest that younger age at menarche and
short interval from menarche to first birth may increase the likelihood of developing

obesity. !0 3

Analyses of age at first birth and obesity are conducted with attention to the differences
in the timing of childbearing by minority status. Between 2006 and 2010, the National
Survey of Family Growth (NSFG) reported the probability of a first birth before age 20
among Non-Hispanic black women and Hispanic women was 32% and 30% respectively,
it was just 14% among white women.? If more women in the US delay childbearing, it

also will be important to understand the relative contribution of aging and timing of first



birth to maternal BMI. Analyses presented in chapter five inform public health
interventions so they may appropriately tailor strategies to mothers of different ages

and racial/ethnic background.

Chapter six summarizes the results from chapters three, four and five. It discusses how
findings relate to the overarching research goal of this work, to advance understanding of
how reproductive events may influence the long-term health of women. Implications for

public health research, policy, and interventions are considered.
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CHAPTER 2

Methods

2.1 General Design

I conducted analyses using a mixed effects longitudinal linear regression with random
effects for intercept. The model had two levels: 1) change within women over time; and
2) between women using nested data, specifically, multiple BMI values over time for the

same woman.

Women had a minimum of three data collection points. While the timing of measures was

not specified for nulliparous women, childbearing women had at least one BMI measure

prior to pregnancy and at least two after childbirth.

2.2 Panel Study of Income Dynamics

The Panel Study of Income Dynamics (PSID) is a nationally representative longitudinal
study of US families that started in 1968. The original study sample included about
18,000 individuals in approximately 5,000 families.! The PSID adopted a genealogical
sampling frame that follows the descendants of original family members. By adopting this
framework, the initial sample grew to include over 65,000 individuals from approximately
8,000 families. Study participants were interviewed annually between 1968 and 1996.

To maintain a sample that was representative of the US population, adjustments made

in 1996 resulted in many African-American families leaving and immigrant families
joining the study.> In 1992, PSID conducted its first systematic attempt to locate and
renew participation of families that had not responded during prior years. This effort was

successful, yielding more than 2,000 participants who became active again in the study.

Data collection has occurred every other year since 1997.
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In addition to being nationally representative of the United States (U.S.), the genealogi-
cally derived sample has resulted in three to four generations of family members. PSID
has maintained a high response rate and investigations of the effects of attrition indicate
that it is not a large problem.'-** Chapter six discusses sample attrition in greater detail.
Weights are available to adjust for survey design and other factors affecting representa-

tiveness of the U.S. population.

Classification of individuals within the PSID dataset fall into four main categories and
are defined as head, wife, “wife” and other family members. Originally defined to be
consistent with the 1968 U.S. Census Bureau, the terms are outdated today. Nonetheless,
the original terms continue to be used in order to maintain consistency and continuity
within the panel. For family units with a married couple, the husband is defined as the
head unless for some reason he is incapable of participating in the survey. Head may also
be a single female in a household without a married or cohabitating couple. The wife of
the married couple is defined as a wife and cohabitating females are classified as “wife.”

Roles are assigned to promote consistency in survey respondent for the family unit at

each wave. McGonagle reported that over 90% of PSID families have the same person

responding for the family unit in consecutive waves.°

Although designed to study income, PSID now includes information on a range of
collateral topics, including education, marriage, fertility, health behaviors, health status
and health insurance. The comprehensive variables included in PSID and its genealogical
sample frame offer an unusual opportunity to study events over the life course. Several
thousand peer reviewed publications have drawn upon information from PSID, including
scholarship on obesity. For example, between 2004 and 2012, over 25 peer-reviewed

articles examined topics related to obesity, ranging from the link between breastfeeding

and obesity’ to the relationship of obesity and employment.®
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2.2.1 Survey Administration

When PSID began in 1968, interviews were conducted in-person, and these face-to-face
interviews continued through 1972. In 1973, telephone interviews began. Telephone
interviews using traditional data collection techniques that relied on question trees and
pencil and paper data collections persisted through 1992. Between 1993 and 1994, PSID
made the transition to computer assisted telephone interviews. PSID transitioned from
annual to biannual data collection in 1997. PSID staff recognized that lengthening the

time between interview periods increased the potential for inaccurate participant recall.

To address this potential problem, interviews were conducted with event histories.’

2.2.2 Data Center

While the initial study was funded by the Office of Economic Opportunity, the majority
of its current support is provided by the National Science Foundation. Other public
agencies, such as the National Institute on Aging and the National Institute of Child

Health and Human Development, also support the PSID.

Non-restricted data files are accessed directly from the PSID website (http://psidonline.
isr.umich.edu/default.aspx) using the online data center. Variables may be examined
through a variety of search options, including individual files, an index of data across
years, and by specific variables. Data are available in a variety of formats, including
SAS, SPSS, and Stata. The website also allows investigators to create codebooks

corresponding to variable selection.!

The PSID website provides a series of tutorials to assist investigators, principally to
understand how the data are organized. Detailed information is provided about topics
such as identifying original study families and “split-off families” (a family member

leaves the PSID enrolled household, or splits-off, to set up a unique and separate
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households, which is then enrolled in PSID); merging individual and family data files;
and understanding how variables are coded (e.g., determining if the value for a variable is

actual or imputed; etc.).

Restricted data are not required for these analyses. The Institutional Review Board at the

Johns Hopkins Bloomberg School of Public Health concluded that this protocol is not

human subjects research and did not require IRB oversight.

2.2.3 Study Questionnaires

Between 1999 and 2011, data has been collected biannually using computer assisted
telephone interviews. PSID staff use event history calendars to promote accurate recall
of events.'” Questions about height and weight were asked for head of household and
wife of head of household. These questions are placed within a general section of the

questionnaire about health status and behaviors.

PSID staff receives ongoing training on study protocols and procedures to ensure

consistency in data collection.
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2.3 Sample Size

There are 505 women in the PSID sample that met exclusion criteria. Figure 1 illustrates

the selection of potential participants.
Women Who Met Sample Exclusion Criteria

PSID 1999-2011
24,277

Females
6160

Females < 15 in 1999
3114

Females > 15 years
3046

Females > 45 in 1999
355

Females > 15 years & < 45 years
2691

First birth < 1999
2159

Nulliparous Females > 15 years
and < 45 years in 1999
kY

No birth information
27

Nulliparous Females
> 15 years and < 45 years
with birth information
505

Figure 1: In 1999 there were 505 nulliparous females between the ages of 15 and 45 with
birth information.
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Women needed at least three waves of BMI data to be included in the final sample, with
a minimum of one observation prior to first birth and two observations after first birth.
Combined exclusion and inclusion certeria yielded a final sample of 257 women with
1,799 observations. Figure 2 displays final sample selection. Among this sample, 146
(57%) had a history of childbirth. The mean number of observations per participant in
the sample is 4.7. Data were collected every two years over seven waves, starting in 1999

and ending in 2011.

Definition of Study Sample

505 Women
satisfied exclusion criteria

277 nulliparous 228 parous

70 with <1 BMI
measure before
first birth

111 with > 3 BMI 158 parous with
measures >1 BMI
measure before

first birth
12 with <2 BMI

measures after
first birth

146 with at least
>1 BMI measure
before and
>2 BMI measures
after first birth

Figure 2: The sample consists of 257 women.
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2.3.1.4 Primary Outcome

The primary outcome of the proposed research is BMI. BMI is weight in kilograms
divided by height in meters squared.! Change in BMI among women between 15 and
45 is primarily the result of change in weight rather than height and, therefore, this
dependent variable may be understood as an indication of change in body weight over
time. A change in one BMI unit corresponds to approximately 6 pounds for a women of

average height (5’ 4”) in the United States."

Weight and height in PSID were self-reported. Self-reported height and weight has been
validated in national samples."* PSID also has validated its height and weight data by
comparing its data to the self-reported height and weight data of the National Health
Information Survey (NHIS), demonstrating that it is comparable to other nationally
representative surveys.'* Figure 3 presents an analysis completed by Andreski and
colleagues (2009) that compares self-reported weight for PSID and NHIS. Limitations

of self-reported height and weight data are discussed in chapter six.

Comparison of Average Body Weight: PSID and NHIS 2005
100~
90+ === NHIS-M
== PSID-M
804 NHIS-F
== PSID-F
704 ._/-w‘——-\-/\
= 60-
= 504
Aot
2 407
304
201
101
O T T T T T T T T T T T T 1
20-  25-  30- 35- 40- 45- 50- 55 60- 65- 70- 75- 80+
24 29 34 39 44 49 54 59 64 69 71 79
Age Categories

Figure 3: The figure from Andreski's paper illustrates self-reported data for weight from
PSID is similar to that reported in other nationally representative surveys.'*
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2.3.2 Transition to motherhood

PSID began collecting birth history information in 1985 and updated it at each survey
interval. Birth information was self-reported, and self-reported childbearing data are highly
accurate.!" Women without a history of childbirth were coded as nulliparous and remained
distinct from women with missing birth data. Birth history data included the total number of
children delivered by a women, as well as the month and year of each birth. Date of first birth
generated a time-varying parity variable. Total number of children generated a parity variable

to reflect nulliparity, primiparity, and multiparity.
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2.3.3 Variability in Age at First Birth and Baseline BMI

Age at first birth was generated using the month and year of the participant’s birth and
month and year of her first birth. The sample demonstrates good variability across age at
first birth, as illustrated by Figure 4. Mean age at first birth is 23 years (range 16 to 39).

There are 111 nulliparous women in the sample.

Sample Distribution of Age at First Birth

150

100

Number of Participants

,l EN _EEEN

25 30 35 40
Age at First Birth

Figure 4: Mean age at first birth is 23 years. The range is 16 to 39 years.
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BMI was generated using the height and weight of the participant. The sample
demonstrates good variability across baseline BMI, as illustrated by Figure 5. Mean

baseline BMI is 25.86 units (range 16.44 to 55.84).

Sample Distribution of Baseline BMI

100 150

Number of Participants
50

20 30 40 50 60
Baseline BMI

Figure 5: Mean BMI at baseline is 25.86 units.

2.3.4 Minority status

There were several changes in how PSID defined race and ethnicity over the years. Since
these definitions were not consistent over panel waves, they were redefined in order to

be consistent during the study period. The definitions of race were different between
1999 — 2003 and 2005 —20011. Ethnicity was part of the race variable between 1999 and
2003. Given these parameters, it was not possible to distinguish both race and ethnicity
for all participants during the study period, resulting in classification as minority and
white for these analyses. The final sample includes 126 minority (49%) and 131 white

(50.9%) participants.
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2.3.5 Education and Household Income

The PSID offers some of the most sophisticated income measures available in survey
research. These analyses included total family income as a time-varying variable. It is a
measure that sums seven different parameters: head of household taxable income; spouse
taxable income; head of household transfer income; spouse transfer income; taxable
income of other household members, and total social security. Each wave of data
provided a separate measure of total family income for the prior year. Years of completed
education also were assessed at each wave. The actual grade completed and postgraduate

work were updated and recorded as appropriate.

2.4 Statistical Tests of Mediation

Baron and Kenny (1986) delineated an approach to test for mediation that has been
widely embraced.!? This approach tests for mediation by considering the relationship
between an independent variable and a dependent variable both in the presence and
absence of a mediating variable. There is evidence of mediation when the relationship
between the independent and dependent variable is different when the mediating variable
is included in the analysis. This approach does not include an interaction term between
the independent and mediating variables because it assumes this relation is zero. The

approach does not specify a temporal relation between the variables.

2.5 Data Analyses

2.5.1 Specific Aim One
Specific aim one is to describe how allostatic load provides a framework to understand
contributions of reproductive events to BMI over the life course. It did not require

statistical analyses to complete and this aim is addressed by chapter three.
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2.5.2 Specific Aim Two
The second specific aim is to determine the impact of the transition to motherhood on
BMI after childbirth. A level one and a level two model are used to examine change

within the individual and between individuals.

2.5.2.1 Model One of Specific Aim Two
The first model formally tested the hypothesis that a woman’s BMI remains constant over

each year of age.

HO: B,=0 (meaning, age has no association with BMI)

HI: B,<0 or >0 (two-sided).
The model may be expressed as:
Y, =B, B4) T E,
Where:
A, is centered (at 15) age for the i individual at the t, wave;
B, is expected baseline BMI for the 1, person;
B, is the expected change per year of age; and

E; is error for the iy, individual at the tg, wave.

The results of the first model of specific aim two are presented in chapter four.
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2.5.2.2 Model Two of Specific Aim Two
To determine the impact of the transition to motherhood on BMI, model two of
specific aim two is a level two model to examine difference in within-person change

between women. It tested the hypothesis that parturition does not alter BMI and may

be defined as:

HO: B,=0 (meaning, parturition has no association with expected BMI)

HI: B,<0 or >0 (two-sided test).

If B, <0 or >0, this indicates that the BMI of mothers increases after parturition, but, there

is no hypothesis about change in rate of change in BMI before and after childbearing.

This model includes age, log household income, and minority status as

covariates and is presented in Figure 6. It may be expressed as:

Y, =By T Bi(4,) T By(P) + By(L) T B(M) + E,

Where

A, is centered (at 15) age for the i, individual at the t, wave;

P, is an indicator variable such that P, = 0 if the i, person at the t, wave is
nulliparous, and P, =1 if the i, person at the t, wave is parous;

L is log household income in dollars (not adjusted for inflation) for the i, individual at
the t, wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected increase in BMI associated with measurement after childbearing;

22



B, is the expected difference in BMI per log dollar of unadjusted household income;
B, is the expected difference in BMI associated with minority status; and

E; is error for the iy, individual at the tg, wave.

BMI among White Mothers and Women without Children

BMI

Parous

1

=

1
Nulliparous

Bo’ B1/

Time

Figure 6: This model tested the hypothesis that parturition does not alter BMI.

The results of this model are presented in chapter four.

2.5.2.3 Model Three of Specific Aim Two

To determine if multiparity impacts BMI, model three of specific aim two also is a level
two model to examine difference in within-person change between women. It tested
the hypothesis that the association of primiparity and multiparity on BMI were not

different and may be defined as:

HO: B,=0 (meaning, multiparity had no additional association with expected BMI)

HI: B,<0 or >0 (two-sided test).
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If B, <0 or >0, this indicates that the BMI of multiparous mothers increases even more
than BMI of primiparous women, but, there is no hypothesis about change in rate of

change in BMI before and after childbearing.

This model includes age, household income and minority status as covariates and is

presented in Figure 7. It may be expressed as:

Y, =By + Bi(4,) T B(P) + By(L) T B(M) + E,

Where
A, is centered (at 15) age for the i, individual at the t, wave;
P, is an indicator variable such that P, = 0 if the i, person at the t, wave is

nulliparous, P, =1 if the i, person at the t, wave is primiparous, and P, =2 if the i

person at the t, wave is multiparous;

L is log household income in dollars (not adjusted for inflation) for the i, individual

at the t, wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected increase in BMI associated with measurement after first
childbearing and higher order births;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status; and

E 1s error for the 1y, individual at the ty, wave.
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BMI among White Nulliparous,
Primiparous, and Multiparous Women

BMI
_ ,—ﬂ;ous

\

Primiparous

Nulliparous

Time

Figure 7: Differences between nulliparity, parimiparity, and multiparity were tested.

Results of this model are presented in chapter 4.

2.5.3 Specific Aim Three
The third specific aim is to determine if BMI differs by age at first birth and minority

status among mothers.

2.5.3.1 Model One of Specific Aim Three
Analyses for this aim were completed using a level two model that examined change
between groups and included age and log household income as covariates. Only women

who transitioned to mothers were considered.
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The first hypothesis for specific aim three considers the main effect of minority status on

BMI among childbearing women and may be defined as:

HO: B,=0 (meaning, minority status has no effect on expected BMI among
childbearing women)

HI: B,<0 or >0 (two-sided test).

The first model is presented in Figure 8 and may be expressed as:

Y, =By +B(4) + B(1) + ByM) T E,

Where

A, is centered (at 15) age for the i, individual at the t, wave;

L, is log household income in dollars (not adjusted for inflation) for the i, individual
at the tth wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status; and

Ej; is error for the iy, individual at the ty4, wave.
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BMI among Minority and White Mothers

BMI

Minority

1
B, {. White
1

Time

Figure 8: In this model, B, is the expected difference in BMI associated with minority
status among childbearing women.

Results from this model are presented in chapter five.

2.5.3.2 Model Two of Specific Aim Three
The second hypothesis for specific aim three considers the association of age at first

birth on BMI among childbearing women and may be defined as:

HO: B,=0 (meaning, age at first birth has no association with expected BMI among
childbearing women)

HI: B,<0 or >0 (two-sided test).
The second model for specific aim three tested the association of age at first birth

among childbearing women and included minority status and log household

income as covariates. It is presented in Figure 9 and may be expressed as:
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Y, =By +B(4,) + B,(1) + By(M) + B,(AFB) + E,

Where

A, is centered (at 15) age for the i, individual at the t, wave;

L is log household income in dollars (not adjusted for inflation) for the i, individual at
the t wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not time-varying);

AFB, is age at first birth in years;

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status;

B, is the expected increase in BMI (over the whole time, including nulliparous period)
associated with a one unit difference in age at first birth; and

E;; 1s error for the iy, individual at the ty, wave.

BMI among Mothers with a One Unit Difference in Age at First Birth

BMI

Time

Figure 9: In this model, B, represents the expected difference in BMI, without
distinguishing the nulliparous and parous period, associated with a one unit difference
in age at first birth.
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Results from this model are presented in chapter five.

2.5.3.2 Model Three of Specific Aim Three
The third model of specific aim three defined an interaction term, B, = (M*AFB), to
test the hypothesis that the association of age at first birth varies as a function of

minority status and is defined as:

HO: B,=0 (meaning, the association of age at first birth on BMI does not vary as a

function of minority status)

HI: B,<0 or >0 (two-sided test).

The second model is presented in Figure 10 and may be expressed as:

Y, =B, B,(4,) +B,(T) + By(M)+B,(AFB) + B(M*AFB) + E,

Where
A, is centered (at 15) age for the i, individual at the t wave;

L is log household income in dollars (not adjusted for inflation) for the i, individual at

the t wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

AFB, is age at first birth in years;

M*AFB, is an interaction between minority status and age at first birth;

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status;
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B, is the expected increase in BMI (over the whole time, including nulliparous period)
associated with a one unit difference in age at first birth;

B, is the association of age at first birth with BMI as a function of minority status; and

E;; is error for the iy, individual at the t;, wave.

BMI among Minority and White Mothers with a One
Unit Difference in Age at First Birth

s |

Time

Figure 10: This model tested the interaction of age at first birth and minority status
on BMI to determine if it operated differently for minority and white mothers.

The results of model three found no evidence that age at first birth operated

differently among minority and white mothers (p = 0.46, 95%CI: -0.65 —0.29).

2.5.3.4 Model Four of Specific Aim Three

Model four of specific aim three also considered the association of age at first birth
(AFB) on BML. It was a level two model and included age, household income and
minority status as covariates. This model examined age at first birth as defined by three
groups (rather than as a continuous variable): age 21 years and younger; ages 22 to 29

years; and age 30 years and older (comparison group). Here, the difference in BMI
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associated with age 21 years and 22 to 29, as compared to 30 years and older, was

considered. The hypothesis may be defined as:

HO: B,=0 (meaning, experiencing a first birth at age 21 years and 22 to 29 years

has no association with expected BMI, as compared to women 30 years and older)

HI: B,<0 or >0 (two-sided test).

The model is presented in Figure 11 and may be expressed as:

Y, =B, *+ B, (4,)+PB,1)+PB, (M) +PB, (AFB-CAT) + E,

Where

A, is centered (at 15) age for the i, individual at the t, wave;

L is log household income in dollars (not adjusted for inflation) for the i, individual at
the t_ wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

AFB-CAT, is age at first birth by group (<21; 22-29; >30) in years ;

B, is the expected baseline BMI for the i, person;

B, is the expected change in BMI per year of age;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status;

B, is the expected difference in BMI (over the whole time, including nulliparous

period) associated with age category; and

E;: is error for the iy, individual at the ty, wave.
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BMI among White Mothers by Age at First Birth Category

BMI <21 years
[34 — 22-29 years
B, 4
) >30 years
B [31/

Time

Figure 11: This model examined the association of age at first birth on three different
groups of white mothers, age 21 years and under; age 22 to 29 years, and age 20 years
and older.

Results from this model are presented in chapter five.

2.5.3.5 Model Five of Specific Aim Three
The fifth model for specific aim three also defined an interaction term, B, = (AFB*P), to
test the hypothesis that the association of parturition with BMI varies as a function of

age at first birth. It may be defined as:

HO: B,=0 (meaning, the association of parturition with BMI does not vary as a
function of age at first birth)
HI: B, <0 or >0 (two-sided test).

This model considered the association of age at first birth on the period after
childbearing, rather than the entire observation period. By defining the interaction

term, the association of age at first birth with BMI only occurs after parturition.
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This model is presented in Figure 12 and may be expressed as:

Y, =By * B, (4) +B, (P)+ B (1) + B, (M) + B (AFB) + B, (P,*AFB) + E,

Where

A, is centered (at 15) age for the i, individual at the t, wave;

P, is an indicator variable such that P, = 0 if the i, person at the t, wave is
nulliparous, and P, =1 if the i, person at the t_ wave is parous;

L is log household income in dollars (not adjusted for inflation) for the i, individual at
the t wave;

M. is an indicator variable for minority status (1 if minority, 0 if white; not
time-varying);

AFB, is age at first birth in years;

P*AFB is an interaction between parity and age at first birth;

B, is the expected baseline BMI for the 1, person;

B, is the expected change in BMI per year of age;

B, is the expected increase associated with measurement after childbearing;

B, is the expected difference in BMI per log dollar of unadjusted household income;

B, is the expected difference in BMI associated with minority status;

B, is the expected difference in BMI (over the whole time, including nulliparous

period) associated with a one unit difference in age at first birth;
B, is the association of parturition with BMI as a function of age at first birth,
indicating impact of age at first birth during the childbearing period; and.

E;; is error for the iy, individual at the t;, wave.
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BMI among White Mothers as a Function of Age at First Birth
BMI
- _ AFB
: AFB + 1 unit
B ! -r///
L
By
Time

Figure 12: In this model, f, is an interaction term representing the difference in
parturition-related weight change as a function of age at first birth.

The results of model five found no evidence that age at first birth operated differently in

the nulliparous and childbearing periods (p = 0.39; 95%CI: -0.08 — 0.20).

2.5.5 Statistical Software

All analyses were conducted using Stata Statistical Software: Release 12.
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CHAPTER 3

Understanding the Role of Childbirth in Obesity Disparities Among Women

Abstract

This article reviews the conceptual basis for linkages between childbearing, obesity and
stress, and the manner in which these connections may contribute to obesity disparities
among women. Pathways within this conceptual orientation are presented and discussed.
Childbirth is an event unique to women that may contribute to obesity. Examining the
different ways in which minority groups and white women experience stress associated
with childbearing may advance our ability to understand additional factors that give rise
to and perpetuate obesity disparities. Limitations, future directions, and implications for

midwifery practice are considered.

Introduction

The magnitude of the change in obesity rates resulting in its current status as a national
priority is impressive. Between 1960 and 2006, the prevalence of obesity in the

United States (US) as defined by body mass index (BMI) rose from 13.4% to 35.1%, with
the prevalence of extreme obesity increasing from 0.9% to 6.2%.' There has not been

a significant change in obesity prevalence among US women of reproductive age since

2004.> Today, more than one-third (36.1%) of the female population is obese.?

Overweight and obesity describe a range of weights that exceed a threshold considered

optimal for a given height. The terms are generally defined by calculating BMI, which is
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weight in kilograms divided by height in meters squared.’ Calculation of BMI is simple
and it is widely used in a variety of settings. Nonetheless, it has been criticized for not
being able to distinguish between muscle mass and adipose tissue because it does not
directly measure body fat, resulting in misleading results for some individuals. For most
people, however, it corresponds appropriately to adipose tissue and at the population
level BMI has been found reliable.* Other measures of obesity, such as anthropometric
measurements and magnetic resonance imaging, are available and may be more accurate

for an individual; however, these methods also are more invasive and expensive.?

The health-related consequences of obesity are multiple and well-established. Obesity

is linked to adverse chronic health conditions including cardiovascular disease, diabetes,
hypertension, and cancer.* > ¢ Poor health also has significant economic ramifications.
Obese adults in the US spent $2741 (in 2005 dollars) more on health care than individuals
of normal weight, suggesting that about 20% of health care expenses may be related to

obesity and its health-related consequences.’

The rise in obesity prevalence is evident among all age categories, racial and ethnic
groups, income strata, and educational levels.® Nonetheless, like many adverse health
outcomes, minority groups experience a greater share of the disease burden.’ In 2012,
44.4% of Hispanic women and 56.6% of non-Hispanic black women were classified as
obese compared to 32.8% of non-Hispanic whites.? Such high rates of obesity prevalence
resulted in an estimated 1.0 million years of life lost for black women in 2008 alone.'°

The attendant loss of social, emotional and economic contributions resulting from
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the premature death of black women on their families, communities, and society is

incalculable.

Health Disparities

Health disparities, health inequities, and health equality are terms that broadly refer to
the consideration of differences in health status that are systematic, preventable, and
identified by affiliation with vulnerable groups. Vulnerable groups may be defined

by such variables as race, ethnicity, sexual orientation, and economic status. Several
definitions of health disparities exist."" In the United States, the legal definition comes
from Public Law 106-525 and defines a health disparity as “a significant disparity in the
overall rate of disease incidence, prevalence, morbidity, mortality or survival rates in
the population as compared to the health status of the general population (p. 2498).”"?
This definition focuses on difference in outcomes between groups but does not explicitly
acknowledge the underlying concepts of advantage and vulnerability that is a key
feature of scholarship on health disparities. ' It also does not address the premise that
these health outcomes are modifiable. Finally, it compares health status of a vulnerable

population to the general population, rather than the most advantaged group within the

population.

Braveman provides an alternative definition of health disparity that considers disparities
and inequalities as one concept and defines it as *“...a particular type of difference in
health or in the most important influences on health that could potentially be shaped by

policies; it is a difference in which disadvantaged social groups (such as the poor, racial/
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ethnic minorities, women, or other groups that have persistently experienced social
disadvantage or discrimination) systematically experience worse health or greater health
risks than more advantaged groups (p. 180).”"" This definition incorporates both proximal
and distal determinants of health and explicitly acknowledges the importance of policy
to address these differences. It also defines the relevant assessment as a comparison

between a vulnerable and privileged group within the population.

As evident from the contrasting definitions, different approaches are used to measure
health disparities. The challenge with comparing the outcome of a vulnerable group
with that of the general population is that disparities may be obscured. This occurs
when the outcome of a vulnerable group is similar to the population average but
different from that of the advantaged groups.'' It is more informative to use the “rate
ratio” and “rate difference (p.178).”!! Braveman defines the rate ratio as “the rate

of a given health indicator in one group divided by the rate in another group.”" In
2011 — 2012, obesity rates among all US women, non-Hispanic white women, non-
Hispanic black women, and Hispanic women were 36.1%, 32.8%, 56.6%, and 44.4%
respectively. The rate ratio reveals that the rate of obesity among non-Hispanic blacks
is over two-thirds higher (1.73) than among Non-Hispanic whites. If using the general
population as the reference group, the magnitude of the disparity decreases, from 1.73
to 1.57. The rate difference is the “absolute difference in rates (p. 178).”!! The rate
difference in obesity between non-Hispanic black and non-Hispanic white women

is 23.8%. As is evident from comparing these parameters, the apparent scale of the

disparity is different depending on the measure used.
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Obesity and Childbearing

When taking into account pregnancy, gestational weight gain is associated with
becoming overweight and obese for many women in the US."*"” A meta-analysis
indicates that three years after delivery, women with weight gain during pregnancy that
exceeded Institute of Medicine guidelines retained 3.06 kg (95% CI: 1.50 — -4.63 kg)
more than women with weight gain within recommended parameters.?® Parity, birth

spacing and baseline BMI are important factors to consider in this association.

Studies have presented conflicting evidence regarding the role of multi-parity. While
some found that weight gain associated with first pregnancy is greater than subsequent

births,'® 25 evidence is inconsistent.?¢-33

Inter-pregnancy interval may be a significant factor, with shorter intervals increasing

the likelihood of obesity.** Excessive gestational weight gain in the first pregnancy

also is associated with excessive weight gain during subsequent pregnancies as well.*
The association between gestational weight gain and subsequent maternal obesity also
depends on the follow-up period observed. Mannan and colleagues examined this
relation in the immediate, intermediate and long-term follow-up periods; findings suggest

a U-shaped pattern among women with excessive gestational weight gain.*

When considering the relevance of BMI as it relates to weight, higher pre-pregnancy
BMI is associated with greater gestational weight gain®* 34" and subsequent weight

retention,!”-2425.373%.41. 42 Excessive gestational weight gain among women with a normal
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BMI prior to pregnancy also is associated with greater maternal weight after delivery.>
2443 Maternal weight retained between pregnancies may also be associated with poor
obstetrical outcomes in subsequent pregnancies, such as increased gestational diabetes
and cesarean delivery, regardless of maternal BMIL.** Overall, the evidence suggests
that gestational weight gain and pre- pregnancy BMI are important factors that

influence the association between childbearing and maternal obesity.

Typically, studies that examine pregnancy and obesity compare a woman’s weight prior
to pregnancy and after delivery.'® >4 A focus on change in mean weight may obscure
the extent of variability in weight gain experienced by women after childbirth. For
example, Olson found the mean weight gain one year after delivery was 1.51 kg, yet
almost 25% of women in the study gained 4.55 kg or more during this period.** Studies
also have used BMI as the primary outcome and reported average change in BMI
classification after childbearing.’* >>31:47 The follow-up period ranges from 12 months*:*’
to 10 years.”*! An alternative approach is to compare maternal weight to the weight of
women who do not have children during the study period.'® 2*25:31.48 Sych variability

in measurement, follow-up periods, and design makes it challenging to synthesize
interpretation and compare across studies. In their review and meta-analysis of pregnancy
and obesity, Schmitt and colleagues propose 12 to 18 months as the optimal follow-up

period for evaluation of “postpartum weight retention”.*

Physiologically lactogenesis is associated with increased maternal energy expenditure,

suggesting it may logically be associated with weight loss after pregnancy. Studies,
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however, provide conflicting evidence with many reporting null findings. Primary
challenges of these observational studies include measurement of breastfeeding duration,
identification of exclusive versus mixed feeding practices and definitions of exclusive

and mixed feeding practices. In a systematic review of evidence examining the role

of breastfeeding in weight loss after pregnancy, including weight retention and body
composition, Neville and colleagues concluded that “the available evidence challenges
the widely held belief that breastfeeding promotes weight loss.”® Nonetheless, the authors
acknowledged that the available evidence is unable to settle this question as more studies
with improved designs are needed. Further, four of the five studies determined to be of
high quality in their review did report an association between breastfeeding and weight
loss.*® Maternal obesity also has been associated with a reduced likelihood to initiate
breastfeeding as well as briefer duration of breastfeeding.”® While these studies also suffer
from methodological challenges, the evidence suggests obese woman may need increased

professional and social supports in order to experience breastfeeding success.

Prior studies have considered minority status and weight changes associated with
childbearing, with attention to patterns of weight gain during pregnancy and weight loss
after delivery. A review conducted by Headen and colleagues identified an “apparent
paradox.”'® Minority women were more likely to experience inadequate gestational
weight gain when compared to white women; however black women were more likely
to retain weight after pregnancy than white and Hispanic women.'® Estimates of the
magnitude of the difference identified by race and ethnicity vary by study, as well as the

duration of the follow-up period.
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Linking Obesity, Childbearing, and Health Disparities

The life course perspective is an orientation that integrates the ways in which situation,
culture, time, and social organization affect and are affected by individual developmental
processes.’? Significant life transitions (sometimes called turning points) as well as

trajectories over time are points of emphasis.

Timing is a key analytic variable in the life course perspective. One expression is
timing at the individual level, or when an event occurs within the context of a woman’s
life. Timing at the individual level is indexed by age. Timing at the social level,

refers to when an event occurs with respect to broader social, political, and economic
situations. For example, traditionally childbirth took place after marriage. So while
an unmarried woman who gives birth at age 28 is older than a married women who
gives birth at age 23 in individual time, a life course analyst might characterize her as
being of a younger “social age.” Although the life course perspective considers context
as a significant factor in individual development, it also recognizes personal agency.
While external forces may exert considerable influence, individual agency ultimately
defines the manner in which shared external forces evolve into a unique and personal

biography.

The life course perspective already has guided research successfully in the field of
maternal and child health disparities. Lu and Halfon identified two primary frameworks
that guided research related to disparities in birth outcomes between white and black

infants, and used the life course perspective to integrate the two approaches.” Lu and
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colleagues also used a life course perspective to investigate the specific challenge of birth

weight disparities.>*

Weathering is a conceptual orientation that has guided research focused on disparities
in perinatal outcomes, such as preterm delivery and low birth weight. The weathering
hypothesis draws upon the life course perspective to develop a framework to link
aspects of social, economic, and political organization to inequality and connects the
lived experience of this inequality over time to the “early health deterioration” of black
women.” Geronimus tested the weathering hypothesis by comparing the likelihood of
having a low birth weight infant by maternal age among black and white women.>* Her
results suggested that young maternal age was protective for low birth weight among
black women. The risk of having a low birth weight infant increased for black women
as maternal age increased, but this was not evident among white women.>® Other
researchers also have used the weathering framework to investigate health disparities
with findings demonstrating support for this model.”** A significant contribution of the
weathering hypothesis has been explicitly mapping inequality, as it relates to racism, to
health outcomes. It also introduces “early health deterioration” as a key element in the

conceptualization of health disparities among black and white women.

Allostasis is the process of “achieving stability through change”; it refers to the
“physiological adaptations” an organism makes in order to maintain balance, or “stability”,
as it experiences environmental and social variability through exposure to change.®' It

also draws upon the life course perspective as it considers the influence of early life events
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in shaping health outcomes, as well as the interface between biology and behavior. The
hypothalamic-pituitary adrenal and sympathetic adrenal medullary axes are two key
physiologic systems stimulated by external changes. Response at the individual level is
determined by a woman’s perception and interpretation of events and the corresponding
activation of systems required to maintain allostasis in the context of environmental

and social change. The brain organizes and coordinates the cognitive recognition and
interpretation of change as well as the physiological response through primary mediators
such as cortisol, epinephrine, norepinephrine, insulin-like growth factor-1, and others.®*%
These primary mediators are associated with factors such as insulin, glucose, and blood

pressure, which in turn have a role in regulating overall health status.

Allostatic load “is the wear and tear on the body and brain resulting from chronic
overactivity or inactivity of physiological systems that are normally involved in adaptation
to environmental challenge (p. 37).”' In other words, if an individual works excessively

to maintain physiological balance, this effort may exact a cost on her physical systems and
ultimately result in poor health. Quickly calling upon primary mediators in response to
challenges and then rapidly terminating them when the stimuli resolve may be adaptive and
protective. Frequent and prolonged stimulation, however, may result in undesired outcomes
such as obesity. When environmental and social change is understood as stress, the concept

of allostatic load provides a framework to study its physiologic impact on health.

An index is used to operationalize allostatic load, and it generally includes biomarkers that

represent both primary mediators such as epinephrine and insulin-like growth factor-1, as
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well as outcomes associated with these mediators such as blood pressure. A diverse range
of studies have used an index of allostatic load.®>% Using an index provides flexibility to
allow for individual variability and still capture evidence of physiological change. This
concept was validated in initial studies of allostatic load, as the composite index was a
better predictor of mortality than individual biomarkers.®® 7 At present, there is no single
index of allostatic load and no consensus on scoring parameters included in the index.
Further measurement challenges include the wide range of methods used to collect and
evaluate biomarkers; the limited availability of longitudinal data; and, reliance on cross-
sectional study designs, making causal and chronological interpretations problematic.
Continued efforts to refine and develop the index are needed and may ultimately result

in a measure that supports earlier identification of individuals at risk for a variety of
adverse outcomes, allowing for more timely intervention. Table 1 provides a summary of

biomarkers frequently used in studies of allostatic load.

Biomarkers Frequently Used as Part of an Index of Allostatic Load

Cardiovascular & Respiratory Metabolic
Systolic blood pressure Triglycerides
Diastolic blood pressure Total cholesterol
Anthropometric Glycosylated hemoglobin
Waist-to-hip ratio High density lipoprotein cholesterol
Body mass index Total to high density lipoprotein
Neuroendocrine cholesterol ratio
Norepinephrine Glucose
Epinepherine Albumin
Dehydroepiandrosterone-sulphate Immune
Cortisol Interleukin-6
C-reactive protein

Table 1: These biomarkers have been used as part of an allostatic load index in at least
ten studies.®
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The conceptual framework of allostasis and allostatic load articulates the biological
connection to social context, promoting a better understanding of the manner in which
social dynamics determine health status. Nonetheless, it does not fully integrate the
interface of individual coping strategies and stress as part of its conceptual orientation.
This limitation is important for the consideration of health care disparities as blacks
experience higher levels of chronic stress (as a generic social construct rather than an

individual person’s social or psychological pathology) as compared to whites.®

The Environmental Affordances Model considers these factors as a principal construct,
making it an effective compliment to allostasis and allostatic frameworks.®® While the
overarching goal of the Environmental Affordances Model is to explain the origins of
mental health disparities, the model also unambiguously considers the role of “health-
related self-regulatory and coping behaviors” adopted by individuals in response to stress,
and the way in which these behaviors, in turn, have an impact on health outcomes.®
Authors suggest that “health-related self-regulatory and coping behaviors” may interrupt
the biological chain between chronic stress and poor health outcomes “by acting on the
hypothalamic-pituitary-adrenocortical (HPA) axis and related neuroendocrine systems

(p. 8).”% Just as consuming calorie-dense foods and a high fat diet have been associated

with stress and coping with stress in both human and animal studies,®-”

eating a high
fat, high calorie diet is a health-related coping behavior recognized by the EA model. It

further highlights the importance of considering "self-regulatory" responses to stress in a

conceptual model of obesity disparities.
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Davis and colleagues drew upon core concepts of these conceptual orientations to
develop a framework specific to childbearing and obesity.” Their model frames
disparities in obesity among whites and blacks as the result of differences in responses
to stress and reproductive events, with consideration of exogenous factors within the
social, cultural, and physical environment. This framework presents obesity disparities
among women as the result of “a combination of genetic risk, suboptimal living
environment (e.g., social and physical), differential exposure and response to chronic
stress, coping ability, and health risk behaviors.” It responds to emerging evidence that
excessive maternal weight gain and elevated maternal BMI during pregnancy are linked
to increased obesity in their children, as well as cardiovascular disease, diabetes and
hypertension, by recognizing genetic factors that arise from the fetal period and influence

health conditions throughout the lifespan.”

Davis and colleagues advance the idea that a woman’s response to stress affects the
manner in which various factors may influence maternal weight.” Their framework is
the first conceptual model identified by this review that explicitly considers the role of
childbearing in women’s obesity with specific consideration of health disparities. It
successfully integrates the concepts of allostatic load with exogenous factors, including
individual coping responses and self-regulatory behaviors, with particular consideration
of the unique physiologic characteristics of pregnancy and weight gain. Further, the
framework also responds to the potential for multiple cycles of pregnancy, identifying
outcomes within the context of the life course by specifying short, intermediate and long

term effects.
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The model does not, however, consider timing of childbirth. The weathering hypothesis
of “early health deterioration” suggests that models of health disparities may benefit

from attention to the timing of events. BMI after childbearing may vary by timing

of childbirth. If there is a linkage between obesity and childbearing, consideration of
timing of childbirth is particularly important because obesity is not only an important
outcome itself, but also has significant implications for other comorbid conditions such as
cardiovascular disease. As a result, earlier childbearing may not only contribute to earlier
onset of obesity but also give rise to earlier onset of disease and more years lived with

disease.

While multiple cycles of pregnancy may occur over the life course and parity itself

may have specific implications for obesity, timing of first birth may be a key variable
affecting subsequent BMI if a woman’s experience of stress associated with childbearing
varies systematically by age. Age at first birth is influenced by race and socioeconomic
status, and evidence from studies using allostatic load suggests that both of these factors

influence stress appraisal and the physiological activation of the stress response.®

Beckie outlines additional factors to consider, including genetics, experience of childhood
adversity (neglect, abuse, trauma, etc.), psychological status (depression, anxiety,
optimism, etc.), behavioral choices (diet, smoking, sleep, etc.), and clinical interventions
(medications, access to health care, etc.) (p. 312).%? Prior research has established that
many of these factors differ systematically among women by age. For example, studies

demonstrate that sleep patterns™ and mental health status”7® vary across the life span.
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Older women also are more likely to be married” and less likely to identify a pregnancy
as unintended.®® Davis and colleagues suggest that “impaired allostasis” ensues as

a result of these multiple and nonlinear influences, ultimately manifesting in insulin
resistance during the prenatal and peripartum period and serving as a key pathway to
obesity after childbearing. This is consistent with findings that women with gestational

diabetes have an increased risk for type two diabetes later in life.?-*

A conceptual framework that builds upon the model proposed by Davis and colleagues
to incorporate timing of first birth is presented in Figure 1.7* The left side of the figure
provides a set of exogenous factors that directly influence stress exposure and adaptation:
minority status (black race and/or Hispanic ethnicity), education and socioeconomic
status. The Community Child Health Network also identified significant differences by
minority status and income in the type of stress reported.®* As discussed, some evidence
also suggests that a person’s reaction to stress may vary systematically by age; meaning,
a woman who gives birth at one age may react differently to subsequent stress than

a woman who gives birth at another age. In addition, an extensive literature also has
consistently demonstrated that socioeconomic status is inversely related to overweight
and obesity. In their meta-analysis, Ball and Crawford established that years of education
and income remain reliable indicators of this relationship among adults in developed

countries.®
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Single or Multiple births during reproductive years

® ®
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Socioeconomic Exposure associated with
Status _— and = pregnancy and w=p- BMI
Education Adaptation postpz.lrtum
period
Age at l]);?ttg
First Birth

Interval

Figure 1: Early childbearing has a direct impact on stress exposure and adaptation.

Although education and income are important during childhood, they have independent
effects on obesity among adults.** % Education and income also inflience age at frst
birth. The National Survey of Family Growth (NSFG) reported the mean age at frst
birth between 2006 and 2010 was 24.1 years for non-Hispanic white women, 21.2 years
for Hispanic women, and 20.9 years for non-Hispanic black women. Whereas the
probability of a first birth before age 20 among Non-Hispanic black women and
Hispanic women was 32% and 30% respectively, it was just 14% among white

women.%
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Figure 1 illustrates the direct effects of stress exposure and adaptation on weight changes
associated with pregnancy and the postpartum period. In this model, these direct effects
vary systematically by age at first birth. Stress also has independent effects on BMI.
Consistent with the model proposed by Davis and colleagues, parity and birth interval
modify the effect of childbearing on BMI in this model as well. This framework does not
distinguish between gestational weight gain and post-partum weight retention. It presents
a conceptual orientation that sees changes in BMI as part of a continuum and is neutral
about when these changes occur in relation to pregnancy and birth. The framework
benefits from the dual significance of its primary outcome. Elevated BMI is not only an
important outcome in its own right, but also one that has important linkages to other
public health priorities of consequence. Abundant evidence has established the link

between obesity and the onset of conditions such as hypertension and heart disease.®”-*

Intersection of Theory and Midwifery Practice

Midwifery care purposefully attends to the social, emotional, and physical needs of a
woman in a cohesive fashion that is responsive to her individual circumstances. Since
1993 the American College of Nurse-Midwives has embraced “Listen to Women™ as

an encapsulated statement of these principles and to communicate its “vision” of care.*
A comprehensive and personal approach is one of its hallmarks and makes midwifery
distinctive among modern health care settings driven by technologic efficiency and
universal protocols. It also makes midwives uniquely prepared to provide care that
specifically addresses chronic stress as an important health determinant. Understanding

the tenants of the framework presented in this article will augment the skills midwives
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possess in a way that may promote targeted improvements in obesity and ultimately

contribute to narrowing the obesity disparity.

One of the most basic elements to understanding the origins of health disparities in
obesity among women, that the conditions under which women experience pregnancy
and give birth matters, speaks directly to the ethos of midwifery care. Midwives have
long recognized that a woman’s experience of pregnancy and childbirth not only has
important implications for the immediate outcomes directly linked to childbearing but
also for her long-term well-being. CenteringPregnancy is a model of group prenatal care
conceived, nurtured and disseminated by midwives that synthesizes these principles into a
unified intervention.”® This approach also has demonstrated tangible results for improved
outcomes in areas such as preterm delivery, low-birth weight, and breastfeeding.”'-*
Importantly, evidence also substantiates the role of CenteringPregnancy in addressing
health disparities. For example, black women participating in group care reduce their risk

of preterm birth by 41%.°

The distinctive pathways and differentiating mechanisms that link participation in
CenteringPregnancy to superior outcomes continue to be explored. Nonetheless,

two aspects of the model are pertinent to addressing chronic stress. First, core topics
used to guide CenteringPregnancy discussions include stress management (Www.
centeringhealthcare.org). Second, and perhaps more importantly, the group model not

only serves as a forum for information exchange but also as a medium to connect women
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to one another. The support network that emerges may offer a direct means of stress

reduction for participating women.

In settings where group prenatal care is not offered and under circumstances when it
is not desired, midwives continue to have the opportunity to address stress as part of
individual care. As previously discussed, basic elements of midwifery practice already
attend to stress and stress reduction during pregnancy and childbirth implicitly. This
framework argues for explicit attention to chronic stress and guiding women in their

ability to recognize, manage and ultimately reduce stress.

Adopting a screening tool to assess stress systematically may be beneficial. Although it may
be appealing to include this screening with the initial prenatal assessment, this visit already
incorporates several baseline evaluations. Extending it further may be difficult for both the
midwife and her client. For women initiating midwifery care with their pregnancy, waiting
until a subsequent visit when the relationship is more well-established also may result in
more candid responses. Because symptoms associated with pregnancy, such as increased
fatigue, may also be part of the spectrum of characteristics consistent with maladaptive stress
responses, it is important to select an instrument appropriate for screening during the prenatal
period if the woman is pregnant and to distinguish acute versus chronic stress.”* Nast and
colleagues completed a comprehensive review of instruments to assess stress with attention
to issues of reliability and validity for pregnancy as well as outside the prenatal period.”

The review also included information about administering the instruments, the number of

questions asked, and distinctions between acute versus chronic stress.
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Adopting screening tools and explicitly attending to stress as a component of routine
prenatal care and postpartum follow-up are valuable measures to support women.
Midwives also need to remain mindful of the ways in which stress may be experienced
in systemically different ways, depending on maternal age. Stress experienced by

a first-time mother who is fourteen may be qualitatively and quantitatively different
from someone who is having her first child at age thirty. Factors to consider include
intendedness of conception and pregnancy; overall maternal health, especially with
respect to pre-existing conditions such as diabetes and hypertension; type of health care
coverage; and strength of community and family support systems. Additional stress
also may be experienced by women when they are not perceived by society at large to
be appropriate for mothering, such as women having children at the extremes of the

childbearing years and single mothers.***’

Midwifery practice routinely includes nutrition evaluation and counseling.®>*® During
pregnancy, women may benefit from specific guidance early in gestation regarding
dietary content as well as recommended total weight gain based on pregestational BMI.
Continued monitoring and support throughout the postpartum period are indicated until
women return to their pregestational BMI. Women who enter pregnancy overweight

or obese may benefit from support beyond the postpartum period until they reach a
more optimal weight. In addition to attention to nutrition and weight management, the
conceptual orientation presented suggests that midwives identify and explore eating
patterns that serve as coping mechanisms and self-regulatory behaviors in the context of

adversity. Diet diaries are often difficult for patients to maintain, but the 24-hour dietary
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recall has been found acceptable and may be more easily obtained during a routine
prenatal visit.” ' Internet-based programs and electronic apps also are available. Diets
high in fat, processed foods and calorie dense foods merit additional study for evidence of

food as a coping strategy in response to stress.’”’:7

Although not directly evaluated, chronic disease is the logical endpoint of this conceptual
orientation. It is important to talk with women about the ways in which reproduction may
affect their global health status. Knowing the connections between reproductive status
and other health systems, such as endocrine and cardiac, is an important component of
reproductive life planning. Adopting an integrative approach that includes attention to
coping strategies, self-regulating behaviors, nutrition and stress is a key component to
well-woman care. Midwives will be able to better serve the comprehensive health care
needs of women, including chronic disease, by recognizing timing of childbirth and its
connection to biobehavioral determinants of health through stress, and being responsive

to these dynamics as part of normative midwifery care.
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CHAPTER 4
Body Mass Index and the Transition to Motherhood

during Women’s Reproductive Years

Abstract

Life course research has established the importance of considering role transitions when
examining health outcomes.'? The association of the transition to motherhood with a
woman’s body mass index (BMI) has not been investigated extensively. This paper
presents evidence that parity is associated with an increase in BMI (p<0.004, 95%CI:
0.23 — 1.12), and most of the increase occurs with the first birth. Income was inversely
related to BMI, but the estimate of the association was not significant at the 0.05 level
(p=0.08, 95%CI: -0.49 — 0.02); minorities have higher BMI (p<0.001, 95%CI: 2.20 —
5.68). Prenatal counseling to encourage gestational weight gain within recommended
guidelines accompanied by interventions to promote a return to pre-pregnancy weight are

important for maintaining optimal BMI over the life course.

Introduction

Overweight and obesity describe a range of body weights in excess of the maximum
recommended for a specified height. Body mass index (BMI) is the typical unit of
measurement and is calculated by weight in kilograms divided by height in meters
squared.* Although it does not directly measure body fat, for most people BMI
corresponds appropriately and has been found reliable at the population level.” In

2011-2012, almost one-third (31.8%) of reproductive age women (20 to 39
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years) in the United States (US) were obese.® Obesity rates are different among
racial and ethnic groups. Among all ages 32.8% of non-Hispanic white women,

56.6% non-Hispanic black women, and 44.4% of Hispanic women were obese.°

Obesity is associated with several comorbid conditions, including cardiovascular
disease;’ all types of cancers except esophageal and prostate; and osteoarthritis,

asthma, gallbladder disease, and chronic back pain.® In women, type II diabetes has the
strongest association with obesity among all co-morbid conditions (RR 12.41, 95% CI
9.03 —17.06).* Premature mortality is linked to obesity as well. A meta-analysis of 57
prospective studies with a combined sample of nearly 900,000 participants estimated
that median survival is reduced by 2 to 4 years for obese individuals.” Authors reported
that median survival for morbidly obese individuals is reduced by 8 to 10 years. Obesity
also increases health care expenditures. As much as 20% of health care expenses may be

associated with obesity and its sequelae.'”

Women’s BMI during the reproductive years

Prior studies have established that the BMI of many women increases after childbearing
and excessive gestational weight gain (GWG) is associated with becoming overweight and
obese.! Gunderson reported GWG may explain approximately one-fifth to one-third of
the change in maternal weight after childbirth.'” A meta-analysis indicates that three years
after delivery, women with weight gain during pregnancy that exceeded guidelines retained
3.06 kg (95% CI: 1.50 — 4.63 kg) more than women with weight gain within recommended

parameters.?’ Several studies have found excessive gestational weight gain among women
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with a normal BMI prior to pregnancy to be associated with greater maternal weight after
delivery.'”-2"2> Studies also report that higher pre-pregnancy BMI is associated with greater
subsequent weight retention after childbirth.'*?*2633 Higher education and income are

generally protective for excessive gestational weight gain and subsequent obesity.!'* 34

Studies also examined the difference between maternal weight prior to pregnancy and after
delivery.'*2%3%3¢ A focus on change in mean weight may obscure the range of changes in
weight experienced by individuals.** Studies also have reported average change in BMI
classification after childbearing."'*?%%* Davis and colleagues considered the five-year
incidence of obesity after childbirth among a cohort of young women age 14 to 22 years,
comparing parous to nulliparous participants.!> The authors found a higher rate of obesity
among women who gave birth, especially among black and Hispanic participants. There

is limited consensus about the optimal follow-up period to evaluate retention of gestational
weight gain after childbearing. Studies exhibited great variation in the follow-up period after
delivery, ranging from 12 months'* to 10 years.-'® Other studies consider weight change
during the birth to subsequent pregnancy interval.’>? Studies also compared maternal weight

to the weight of women who do not have children during the study period.!!: 1415 18.33

This study had two goals. The first goal was to compare the BMI of nulliparous and
parous women during the childbearing years. The second goal was to examine how the
BMI of childbearing women may change after childbirth. If parity effects were present,
an additional objective was to examine the association of multiparity, as compared to

primiparity, on a mother’s BMI.
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Methods

Data

Panel Study of Income Dynamics

The Panel Study of Income Dynamics (PSID) is a nationally representative longitudinal
study of US families that started in 1968. Although designed with the primary intent to
study income dynamics, PSID also now includes information on a range of topics, including
marriage, fertility, and health. The PSID adopted a genealogical sampling frame that
follows the children of original family members, resulting in a multigenerational sample.
The original sample included about 18,000 individuals in approximately 5000 families,*
and it has maintained a high response rate. Investigations of the effects of attrition indicate
that it is not a large problem.**#! PSID interviews were initially conducted in-person and
face-to-face interviews continued through 1972. In 1973, telephone interviews began and
continued through 1992, after which computer assisted telephone interviews were adopted.

PSID moved from annual to biannual data collection starting in 1997.

Most PSID data are publically available through their website. This study was determined
not to be human subjects research by the Institutional Review Board at the Johns Hopkins

School of Public Health.

Sample Selected

Self-reported height and weight were added to the survey in 1999, making it possible to

include seven waves of data (1999 to 2011) in these analyses. There were 2691 females who
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were at least 15 and not older than 45 years in 1999 in the panel. To compare BMI before
and after childbearing, women with a birth prior to 1999 were excluded (n=2159). Women
with no birth history data (n=27) also were excluded. These exclusion criteria resulted in

a potential sample of 505 women. To be included in analyses, a minimum of three waves

of BMI data were needed. While the timing of measures was not specified for nulliparous
women, childbearing women had at least one BMI measure prior to pregnancy and at least
two after childbirth. These inclusion criteria yielded a final sample of 257 women with 1799
observations. The mean number of observations per participant in the sample is 4.7. Among

this sample, 146 (57%) have a history of childbirth and 111 were nulliparous.

Measures

Primary outcome

The primary outcome of the proposed research is BMI. Change in BMI among women
between 15 and 45 is primarily the result of change in weight rather than height, and this
dependent variable may be appreciated as change in body weight over time. A change in
one BMI unit corresponds to approximately 6 pounds for a woman of average height

(5’ 4”) in the United States. Overweight women have a BMI between 25 and 29.9 units,

and women with a BMI 30 and over are obese.

Weight and height in PSID were self-reported. Self-reported height and weight has
been validated in national samples.*** PSID also compared its self-reported height
and weight data to the self-reported height and weight data of the National Health

Information Survey. There were no significant difference between the samples,
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demonstrating that height and weight responses from PSID are comparable to other

nationally representative surveys.*

Transition to motherhood

PSID began collecting birth history information in 1985 and updated it at each survey
interval. Birth information was self-reported, and self-reported information related to
childbearing is highly accurate among women. Gartland and colleagues found greater
than 90% agreement when comparing obstetric data from medical records and self-
report.*® Women without a history of childbirth were coded as nulliparous, distinguishing
them from women with missing birth data. Birth history data included the total number
of children delivered by a woman as well as the month and year of each birth. A time-
varying variable for parity reflected onset of childbearing. Childbearing status also
distinguished nulliparous from parous women, allowing for comparison of mothers and

women without children.

Socio-demographic Variables

Initially conceived to study income, the PSID offers some of the best data on income
available in survey research. These analyses included total family income, which is a
measure that sums several different parameters: head of household taxable income; spouse
taxable income; head of household transfer income; spouse transfer income; taxable income
of other household members, and total social security. Each wave provided a separate
measure of total family income in actual dollars for the prior year. Log income is used to

account for the right skew of the income variable as is commonly done.
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There were several changes in how PSID defined race and ethnicity over the years. Because
panel definitions were not consistent over time, they were redefined in order to be consistent
during the study period. The definitions of race were different between 1999 — 2003 and
2005 —2011. Ethnicity was part of the race variable between 1999 and 2003. Given these
parameters, it was not possible to distinguish both race and ethnicity for all participants
during the study period, resulting in classification as white and non-white for these analyses.

The final sample includes 126 non-white (49%) and 131 white (50.9%) participants.

Analytical Approach

Analyses were conducted using a mixed effects longitudinal linear regression with
random intercept. The models examined change between women (comparing nulliparous
and parous women) and change within women (comparing periods before and after
childbearing) using nested data; specifically, multiple BMI values over time for the
same woman. The association of time, age, and parity were of interest. Covariates were

household income and minority status.
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Equations

The first model formally tested the hypothesis that a woman’s BMI remains constant over

each year of age. The model may be expressed as:

Y, =B, T B,(4,) T E,

Where A_ is centered (at 15) age and f3, is the expected change per year of age.

To determine if the transition to motherhood impacts BMI, the second model tested the
hypothesis that parturition does not impact BMI. This is a level two model to examine
difference in within-person change between women. This model includes age, household

income and minority status as covariates and may be expressed as:

Y, =B, + B, () B,(P) + B, (1) +B,(M) + E,

where A, is centered (at 15) age; P, is an indicator variable for parity such that P, =0

if the i, person at the t, wave is nulliparous, and P, =1 if the i, person at the t_ wave is
parous; L is household income in dollars (not adjusted for inflation) on the log scale; and
M. is an indicator variable for minority status. If B, is greater than zero, this indicates that

the BMI of mothers increases after parturition.
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Model three is a level two model to examine difference in within-person change
between women to examine multiparity and BMI. This model includes age, household

income and minority status as covariates and may be expressed as:

Y, =By +Bi(,) +B,(P) + Byl) + B (M) + E,

where A, is centered (at 15) age; P, is an indicator variable such that P, = 0 if the i
person at the t, wave is nulliparous, P, =1 if the 1, person at the t,_wave is primiparous,
and P, =2 if the i, person at the t, wave is multiparous; 1. is household income in dollars
(not adjusted for inflation) on the log scale; and M., is an indicator variable for minority

status. If f3,is greater than zero, the BMI of multiparous mothers increases even more

than BMI of primiparous women.

Results

Table 1 presents descriptive information. There were 257 women in the sample with a
total of 1799 observations and a mean of 4.7 observations per participant. Overall, 43% of
women remained nulliparous throughout the study period (1999 to 2011). Baseline mean
age of women who remained nulliparous and women who transition to mothers was 22
and 18 years (p<0.001), respectively. Minority women represented 49% of the sample,
and there were no significant differences by their eventual parity status. There also were
no significant differences in years of education at baseline between women who remained

nulliparous and women who transition to mothers. Baseline family income of
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women who transitioned to mothers was significantly less than women remaining
childless (p<0.001). On average, household income of women who went on to become

mothers was $26,847 less than women who remained childless.

Descriptive Characteristics at First Wave (1999) by Eventual Childbearing Status

N (%) Mean SD N (%) Mean SD N (%) Mean SD

na na

Age

Minority 126
Status
(49.03)

53
(47.74)

73
(50.00)

na
Years
Education

GLICOVGE 257 $61,569 $69,704 | 111 $80,286  $83,191 146 $47,338 $53,439 | <0.001

Income

(100.00) (43.19) (56.81)

N = sample size; SD = standard deviation; p-value = significance level; na = not applicable.
Table 1: Overall, the mean age of women in the study at baseline was just under twenty
vears and 49% of the sample were minority.

By the last wave of data collection, unadjusted mean total years of education had
increased to 13.52 years overall, indicating that most women completed at least one year
of education beyond high school irrespective of childbearing status. Childless women
and mothers increased their (unadjusted mean) education to 13.74 and 13.01 years,
respectively (p<0.001). The difference in total education of women without children and
mothers was less than one year. Unadjusted mean household income decreased between
the first and last wave of data collection from $61,569 to $55,095. Unadjusted mean
household income of mothers was $14,282 less than households of women without
children (p<0.001). While the gap in unadjusted mean household income between

childless women and mothers decreased, this was driven by a significant decrease in
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household income among childless women. Unadjusted mean household income for
mothers decreased by $1511 between the first and last wave of data collection; this was
not a significant change. Unadjusted mean household income for women who remained
childless experienced a significant decline of $20,127 during the same period
(p<0.001). Table 2 summarizes education and unadjusted mean household income data

for 2011.

Years Education and Unadjusted Income at Last Wave (2011) by Childbearing Status

N (%) Mean SD N (%) Mean SD N (%) Mean SD

Years
Education

Household 251 $55,095 $45,174 103 $60,159  $49,162 148 $45,877 $35,026 | <0.001
Income
(100.00) (41.04) (58.95)

N = sample size; SD = standard deviation; p-value = signi icance level.
Table 2: Unadjusted mean household income of childless women was greater
than mothers in 201 1.

Each individual has their own baseline BMI, or intercept, and all models are random
effects. Results support rejecting the null model that a woman’s BMI is constant
during the reproductive years, suggesting significant variation within women over

time.
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Age

A woman’s age demonstrated an independent effect on BMI that is distinct from time

and nonlinear, lessening as a woman ages. The association between age and BMI was

best captured by including both the linear and quadratic functions. After adjusting for
nonlinearity, the coefficient for age with a random intercept remained stable as covariates
were introduced to the model. Overall, the effect of age increases BMI, on average, by 0.40

units and attenuates by -0.1 as a woman ages, about 3.5 and 0.5 pound(s) respectively.

Predicted BMI by age
30

2% T —"

20

15

10

Predicted BMI

rT 1T T T T T T T T T T T T T T T T T T T T T T T TTrTrrl
15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
Age

Figure 1: The effect of age on a woman's BMI is nonlinear.

Transition to Motherhood

On average, women who became mothers had a lower BMI at baseline than women who
remained childless throughout the study period. Net of covariates, results demonstrate
that women who transitioned to mothers had a baseline BMI (latent intercept) that was

1.22 BMI units less than women remaining childless (p<0.001, 95%CI: -1.94, -0.49),
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26.02 and 27.24 respectively. With an unadjusted mean BMI greater than 25 units,

both groups were overweight at baseline.

Women who became mothers experienced a significant change in BMI after this transition.
On average, a women’s BMI increased by 0.69 units with the transition to motherhood
(p<0.004, 95%CI: 0.23, 1.15). This is consistent with an increase of approximately 4.5
pounds for a 5°4”” woman (average height for a female in the United States).*” This
coefficient remained stable with the introduction of covariates to the model (household

income and minority status).

BMI of Nulliparous Women between 1999 and 2011
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Figure 2: Nulliparous women had a higher BMI at baseline than women who
became mothers.
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BMI of Mothers between 1999 and 2011

60

BMI
40

20

10

Time

Figure 3: A woman's BMI increased after the transition to motherhood.

Household Income and Minority Status

Total household income demonstrated a negative relationship with BMI. For each log
increase in household income, BMI decreased by 0.23 units (p=0.08, 95%CI: -0.49, 0.02).
This decrease in BMI is equivalent to nearly one pound for a woman of average height in
the US. Minority status had a significant positive relationship with BMI and the
magnitude of its impact was greater than all other coefficients combined. On average,
the BMI of minority women was 3.94 units greater than white women (p<0.001, 95%CI:
2.20, 5.68). Minority women are approximately 23 pounds heavier than white women of

average height in the US. Table 3 presents results by each model examined.
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Nulliparity, Primiparity, and Multiparity

These models consistently demonstrated that parity has an impact on BMI, and the
association remained largely unchanged when adjusted for income and minority status.
These initial models were limited by constraining the association of parity to be the same
regardless of primiparity or multiparity status. An additional model was defined in order
to explore potential differences in the association of primiparity and multiparity on a
woman’s BMI. Results are presented in table 4. Most of the association of childbearing
on a woman’s BMI occurs with the first birth. BMI increased significantly by 1.35 units
after one child (p=0.01, 95%CI: 0.39, 2.32). This is approximately 8 pounds for a woman
of average height in the United States. While BMI also increased by 0.64 units with the
second or higher order birth (about 4 pounds for a woman of average height), this increase
did not reach statistical significance at the 0.05 level (p= 0.12, 95%CI: -0.16, 1.42). It

suggests a trend, however, and may reach significance with a larger sample.

Estimated Effects of Primiparity and Multiparity on BMI by Model

Parameter
BMI
Age
Age?
Primiparity

Multiparity

Household
Log Income

Minority
Status

Est = coefficient estimate; SE = standard error; p-value = significance level.
Table 4: A woman's BMI increases by more than one BMI unit with the first birth.
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Discussion

Over the past several decades epidemiologic evidence has drawn attention to the large
numbers of overweight and obese women in the United States. Although recent data
suggest that rates may be stabilizing rather than continuing to increase, the individual
and public health challenges of this epidemic remain substantial.®* Evidence from
these analyses suggests that age has a positive association with BMI that attenuates.
Early reproductive years may present a period of vulnerability when increasing BMI
is more likely. Attention to maintaining BMI in the normal range throughout this

period may promote a woman’s ability to maintain a healthy BMI over the life course.

While maintaining a normal BMI throughout a woman’s reproductive years is ideal,
evidence from these analyses suggest that many women may be entering pregnancy
already overweight. Women in this study were all nulliparous at baseline and their BMI
was classified as overweight. Being overweight or obese prior to pregnancy is concerning
as women with an elevated BMI often encounter fertility problems and are more likely to
have miscarriages. Compared to women of normal weight, obese women have increased
difficulty conceiving and are less responsive to assisted reproductive technologies.*® The
importance of maintaining normal BMI is important for all women. This message also

may be emphasized prior to pregnancy as part of preconceptual care.*

Being obese during pregnancy also is associated with increased obstetrical risks.
The association of increased perinatal complications with obesity make it more

likely that pregnancy, a normal life event for most women, may become a complex
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medical condition. Obese women are more likely to experience complications
throughout every stage of pregnancy. During the prenatal period, obese women are
diagnosed with gestational diabetes, gestational hypertension, and preeclampsia more
frequently.* Increased risk of cesarean delivery and poor wound healing complicate
their intrapartum experience with greater frequency.* After delivery obese mothers
encounter greater difficulty breastfeeding and suffer from higher rates of postpartum
depression.* The infants of obese mothers are also more likely to be macrosomic
(intrauterine fetal growth in excess of 4500 grams) and have higher rates of congenital
anomalies.* Stillbirth and neonatal death also occur more often among obese

mothers.*

While these perinatal complications arise from distinct pathways, their
common association with maternal obesity illustrates the far reaching and diverse

consequences of becoming obese early in life that are specific to women and present

distinctive challenges during the reproductive years.

Results demonstrate a significant baseline difference in BMI between childbearing and
nulliparous women at the 0.05 level, with a higher mean among women who remained
nulliparous. It is important to consider that the direction of this apparent selection cannot
be determined from these analyses, as obesity is associated with difficulty conceiving
and infertility. These findings also suggest that age has a positive effect on BMI.
Therefore, some weight gain may be observed during the reproductive years irrespective

of parity.
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Findings are consistent with prior studies that suggest the transition to motherhood is
associated with increased BMI.* The significant change in the latent intercept after
motherhood identified by these analyses is consistent with findings that gestational weight
gain and postpartum weight retention are responsible for increased BMI after childbirth.

In addition to a change in the latent intercept, Umberson and colleagues found parenthood
was associated with an increase in the slope of a woman’s BMI trajectory.”® Encouraging
gestational weight gain within recommended guidelines is one potential strategy to mitigate
the increase in BMI associated with a transition to motherhood. Greater attention to diet
and discussion of optimal pregnancy weight gain is a straightforward and inexpensive

intervention that obstetricians and their support staff may incorporate during prenatal visits.*’

Interventions that encourage women to return to their baseline weight after childbirth also
are important. Women who do not return to their pre-pregnancy weight experience adverse
cardiovascular and metabolic consequences, which may be identified as early as 12 months
after delivery®®. While analyses for this study were confined to examination of the latent
intercept, Umberson and colleagues found parenthood was associated with an increase in
the slope of a woman’s BMI trajectory.®® The results suggest that parity changes the rate at
which women gain. Additional studies of BMI trajectory may help to distinguish change
in weight gain retained from the gestational period itself from a change in a woman’s rate
of weight gain. A difference in the rate of BMI change after childbirth may have distinct
implications for women’s health over the life course as compared to retaining gestational
weight gain after childbirth. Studies to examine BMI trajectory, cardiac function, and

metabolic status after the transition to motherhood are needed.
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Findings are consistent with epidemiological data documenting significant obesity
disparities between black, Hispanic, and white women. The BMI of minority women in
this study was nearly four units greater than white women at baseline. For a woman of
average height in the United States (5°4”), this represents approximately 23 more pounds
for a minority woman. The mean age at baseline of women in the present study was 19
years, suggesting that many minority women may enter their reproductive years with
excessive weight and obesity disparities begin early in life. These findings support the
need for early intervention programs among minority youth and young adults. While
preventing childhood obesity is an important goal in itself, it may also offer the additional
benefit of optimizing reproductive health and perinatal outcomes. Investigating the extent
to which obesity disparities during the reproductive years may drive other disparities in

perinatal health, such as cesarean section rates, is an important goal for future research.

Findings presented here benefited significantly from the strengths of PSID. PSID

is a nationally representative panel with data including height, weight, and birth
histories. Whereas most studies of parity and obesity are cross-sectional, the present
analyses are longitudinal. Originally purposed to study income and wealth in US
households, PSID also provides sophisticated measures of income that make it possible
to deal more effectively with confounding. The study design is another strength, as
multilevel analysis maximize the benefits of nested data. PSID also provided a
contemporary sample. Seven waves of data were included between 1999 and 2011.
Study criteria yielded a sample of 257 women with 1799 observations. Nonetheless,

analyses of multiparity also may have reached statistical significance with
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a larger sample. Self-reported height and weight also is a limitation. Under optimal
circumstances, measured height and weight would be available for the proposed study
as it is more accurate. Nonetheless, despite its limitations, many studies rely upon self-
reported height and weight, and it is a frequent source of data for studies that involve

BMI.*

Evidence from this study adds to the growing scholarship that considers how reproductive
events may have long-term impact on women’s health, well beyond their reproductive life
span. Understanding these linkages offers the opportunity to develop our understanding

of reproduction in the context of women’s health and wellness over the life course.
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CHAPTER 5

Is Timing Everything? The Role of Age at First Birth and Obesity Disparities

Abstract
Objective: To examine the association of age at first birth with body mass index

(BMI) during the reproductive years.

Methods: This study analyzed data from the Panel Study of Income Dynamics (PSID), a
nationally representative longitudinal study of US families that started in 1968. Analyses were
conducted using a mixed effects longitudinal linear regression with random intercept. The
model examined the association of aging, age at first birth, and minority status using nested
data; specifically, multiple BMI values over time for the same woman. Log of total family
income was included in the model as a covariate. Exclusion and inclusion criteria yielded a

final sample of 146 women with 707 observations, each with at least three waves of data.

Results: The primary outcome was BMI and four models were considered. Age at first birth
demonstrated a significant association with BMI in all models that excluded severely obese
women and remained stable, ranging from -0.20 in model 1 (p<0.001; 95%CI: -0.34, -0.06)
to -0.25 in model 2 (p=0.01; 94%CI: -0.43, -0.07). Results suggest that for each year beyond
age 15 that a woman'’s first birth is delayed, BMI decreases by about 0.22 units. The
association of age at first birth with BMI was greatest for the youngest group of women, 21
years and under. Overall, women who experienced their first birth at 21 years or younger
had a BMI five units greater than women who delayed childbearing until at least 30 years

(5.02; p=0.02, 95%CI: 0.65, 9.40). Adding age at first birth to the models reduced the
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coefficient for minority status by about 0.22 BMI units in all models that included obese
women (model 1: from 3.74 BMI units, p<0.001 95%CI: 1.80, 5.68 to 3.52 BMI units,

p<0.001 95%CI: 1.59, 5.46).

Conclusion: Younger age at first birth may be associated with an increased BMI.
This association appears strongest for women who initiate childbearing at 21 years or
younger. Minority status demonstrates a significant relation with BMI. Age at first

birth merits additional study as a potential mediator of this association.

Introduction

Obesity disparities among minority and white women are well documented.! Evidence
from survey research also suggest that black and minority women experience increased
risk of obesity after childbearing.>® While most studies examining differences in weight
gain and obesity after childbearing found increased risk among black as compared to
white women, there are limited data on timing of childbearing and maternal age in the
context of obesity. This study examined the association of age at first birth, as distinct
from the effect of aging, on body mass index (BMI). The primary pathway of interest
was timing of childbirth and subsequent BMI among women. Age at first birth is
younger among minority women as compared to non-Hispanic whites;’ therefore,
analyses also explored the extent to which evidence may support the hypothesis that age

at first birth is a potential mediator of the relation between minority status and BMI.

Although it will not be directly evaluated, chronic disease is the long-term outcome of this
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study framework. Abundant evidence has established the link between obesity and the onset
of conditions such as hypertension and heart disease;'* ! genetics, race, and ethnicity also are

independent risk factors.'>'*

Methods

This study analyzed data from the Panel Study of Income Dynamics (PSID), a nationally
representative longitudinal study of US families that started in 1968. PSID originally
focused on income variability and employed a genealogical sampling frame to follow
the children of original family members. It now includes multiple generations and has
added information on a range of measures important for public health, including fertility,
chronic disease, system utilization, and insurance coverage. The panel response rate
remains high and attrition has not become a large problem over the years.">'® PSID

moved from annual to biannual data collection in 1997.

PSID data for these analyses are publically available through their website. Detailed
descriptions of enrollment, consent processes, and data protocols also are available. This
study was reviewed by the Institutional Review Board at the Johns Hopkins School of

Public Health and determined to not be human subjects research.

In 1999 the panel began collecting self-reported height and weight data, resulting in seven
waves of data (between 1999 and 2011) eligible for these analyses. Fertility data were added
in 1985 and updated at each wave. Birth information was self-reported and the accuracy of

self-reported information related to childbearing is high. In a comparison of self-reported
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obstetric information to medical records, Gartland and colleagues found greater than 90%
agreement.!” Birth history data included the total number of children delivered by a woman
as well as the month and year of each birth. There were 2691 females between 15 and 45
years in 1999. Women with a birth prior to 1999 were excluded (n=2159), as were women
with no birth history data (n=27). These exclusion criteria resulted in a potential sample of
505 women. To be included in analyses, a woman needed to experience a birth prior to 2009
data collection. This resulted in a minimum of three waves of BMI data, with at least one
BMI measure prior to childbirth and two measures after parturition. These inclusion criteria

yielded a final sample of 146 women with 707 observations.

Definition of Study Sample

Women > 15 years and <45 years
met exclusion criteria
505 Remain nulliparous
277

Experience Childbirth
228 70 with <1 BMI measure

before first birth

> 1 BMI measure before first birth
158

12 with <2 BMI measure
after first birth

>1 BMI measures before and
>2 after first birth
146

Figure 1: Exclusion and inclusion criteria defined a sample of 146 women.
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The mean number of observations per participant in the sample was 4.8. Between 1999 and
2011, PSID changed the definition of its race and ethnicity measure to be consistent with
advances in demographic classifications. Because panel definitions of race and ethnicity
were not consistent over time, they were redefined in order to be consistent during the
analysis period, 1999 to 2011. The definitions of race were different between 1999 — 2003
and 2005 —20011. Ethnicity was part of the race variable between 1999 and 2003. Given
these parameters, it was not possible to distinguish both race and ethnicity for all participants

during the study period. As a result, minority status was defined as white and other.

Analyses were conducted using a mixed effects longitudinal linear regression with random
intercept using Stata Statistical Software: Release 12. The model examined change within
women using nested data; specifically, multiple BMI values over time for the same woman.
The effect of aging, age at first birth, and minority status were of interest. Log of total
family income was included in the model as a covariate. It is a measure that sums head

of household taxable income; spouse taxable income; head of household transfer income;
spouse transfer income; taxable income of other household members, and total social
security. Each wave provided a separate measure of total family income in actual dollars
for the prior year. Log income was selected due to the nonlinear effect of rising disposable

income on household economic decisions, as is commonly done.

The primary outcome was change in BMI. Weight and height in PSID were self-reported.
Self-reported height and weight has been validated in national samples.?*2> PSID also

compared its self-reported height and weight data to the self-reported height and weight
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data of the National Health Information Survey. There were no significant difference
between the samples, demonstrating that height and weight responses from PSID are

comparable to other nationally representative surveys.

During the reproductive years, change in BMI principally reflects change in weight rather
than height; therefore, this dependent variable may be understood as change in body
weight over time. An increase in one BMI unit is approximately 6 pounds for a women

of average height (5 4”) in the United States (US).**

The model tested the hypotheses that age at first birth had a positive association with a
woman’s BMI, independent of the effect of aging and parity. This is a level two model to
examine difference in within-person change between women. Analyses explored possible
ceiling effects of obesity on age at first birth. Obesity is defined as BMI greater than 30
units, with additional categories of class one obesity (30-35 BMI units), class two obesity
(36- 40 BMI units), and class three obesity (over 40 BMI units). The association of age at
first birth with BMI was estimated for all women as well as women with a pre-pregnancy

(baseline) BMI less than 50, less than 40, and less than 35. The model may be expressed as:

Y, =By +B(4,) + B,(1) + By(M) + B,(AFB) + E,

where A, is centered (at 15) age; L is household income in dollars (not adjusted for
inflation) on the log scale; M. is an indicator variable for minority status; and AFB, is

age at first birth in years. In this model, B, may be interpreted as the expected increase
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in BMI over the entire period, including nulliparous period, associated with a one unit

difference in age at first birth.

Age at first birth also was examined as a categorical variable. Using the definition
of adolescence by the American Association of Pediatrics,?® adolescents 21 years and
younger were distinguished from women 22 to 29 years and women 30 years and older.

The model is may be expressed as:

Y, =B, +B,(4,) +B,(L,) +B,(M) + B,(AFB-CAT) + E,

Where A is centered at age 15; L is household income in dollars (not adjusted for
inflation) on the log scale; M. is an indicator variable for minority status; and AFB-CAT,
is age at first birth by group (<21, 22-29, and >30) in years. In this model, B, may be
interpreted as the expected difference in BMI over the entire period, including nulliparous

period, associated with age category.

Experiencing a first birth during adolescence or young adulthood is associated with
multiple social and economic challenges® and minority women have a younger mean age
at first birth as compared to whites.?»?’ Therefore, analyses also examined the role of age
at first birth as a possible mediator of minority status. The main effect of minority status

was defined by the following equation:

Y =By +B.(A,) + B,(1) + By(M) + E,
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where A is centered at age 15; I is household income in dollars (not adjusted for
inflation) on the log scale; and M. is an indicator variable for minority status. Here, B, is
the expected difference in BMI associated with minority status. Results were compared
to the model previously defined that considered the association of age at first birth as a

continuous variable.

Results

Table 1 presents descriptive information. There were 146 women in the sample with
a total of 707 observations and a mean of 4.8 observations per participant. Minority
women represented 50% (73 women) of the sample. Mean age at first birth was 23.3
years overall and baseline BMI for women in the sample was 25.86 units. There
were significant differences in age at first birth by minority status. Mean age at first
birth was 23.8 and 22.8 years for white and minority women (p<0.001), respectively.
Baseline BMI also was different, 24.04 units for white and 27.68 units for minority
women (p<0.001). There were significant differences in years of education and total

household income in 1999, the first wave of data collection for these analyses.
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White women had nearly one year greater education than minority women, 9.2 years
and 8.4 years respectively (p=0.02). White women reported total household income
nearly $30,000 higher than minority women. Mean total unadjusted household

income was $68,094 for whites and $39,602 for minorities (p<0.001).

Descriptive Characteristics at First Wave (1999) by Minority Status
Minority

Mean (SE, range) Mean (SE) Mean (SE)

Age in 1999 Sel01 182001615237

ARSI gl 23.3(0.13; 16 —39) 23.8(0.16) 22.8(0.21;16 - 39) <0.001

Years 8.8 9.2 8.4
Education 1999 (0.16;0—17) (0.22) (0.22)

Total
Household
Income 1999

n = sample size; SE = standard error; CI = confidence interval; p = significant value.

Table 1: Mean age at first birth, baseline BMI, years of education, and total household
income in 1999 were significantly different among white and minority women.
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Estimated Association of Age at First Birth with BMI

Model 1 Model 2

Parameter
3.22 <0.001 (20.77 — 33.39) 2.64 <0.001 (21.47 — 31.83)

0.00 0.001 (-0.02 —-0.00) -0. 0.00 0.001 (-0.02 —-0.00)

Log Total

Income
Minority . 0.99 <0.001 (1.59 —5.46) . 0.77 <0.001 (1.27 —4.30)

Status

Age at
First Birth

Estimated Association of Age at First Birth with BMI

Model 5

Parameter
2.52 p<0.001 (22.03 — 31.90) 2.20 <0.001 (20.49 — 29.13)

0.00 0.001 (-0.02 —-0.00) -0. 0.00 <0.001(-0.02 —-0.01)

Log Total

Income
Minority . 0.73 0.01(0.61 —3.46) . 0.59 0.02 (0.18 — 2.50)

Status

Age at
First Birth

n = sample size; est = Estimate of the coefficient; se = standard error; p = significance value.
Table 2: Age at first birth demonstrated a significant association with BMI.

The first set of analyses considered the association of age at first birth on BMI and
included age, log total household income, and minority status as covariates.
Recognizing the association of obesity with fertility issues and altered metabolic
function,?* results were stratified. Model 1 included all women in the sample;
model 2 excluded women with class III obesity at baseline; model 3 excluded women

with classs II and class 111 95



obesity at baseline; and model 4 excluded all women who were obese at baseline. Age at
first birth demonstrated a significant association on BMI in all models that excluded
severely obese women. Model 1, that included severely obese women, was marginally
significant (p =0.06; 95%CI: -0.45 — 0.01). The association of age at first birth remained
stable across the models, ranging from -0.20 in model 1 (p<0.001; 95%CI: -0.34 —-0.06)
to -0.25 in model 2 (p=0.01; 94%CI: -0.43 — -0.07). Results suggested that for each year
beyond age 15 years that a woman’s first birth is delayed, BMI decreases by about 0.22
units. This is about one pound per year for a woman of average height (5°4”) in the US.

Results are available in Table 2.

The effect of age on BMI was nonlinear, indicating that its effect decreased as women
became older. It was significant for all models and the coefficient remained stable. The
log of total household income failed to reach significance in any model. The coefficient
for minority status changed considerably in each model, ranging from 3.53 in model 1
(p<0.001; 85%CI: 1.59 — 5.46) to 1.34 in model 4 (p=0.02; 95%CI: 0.18 — 2.50). As
each model became increasingly restrictive by baseline obesity, results indicate that

minority women were more likely to have class II and class III obesity.
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Association of Early Childbearing on BMI for Young
Women as Compared to Women over 30 Years

Mode! 2

<0.001(12.73 - 21.52)

Parameter
BMI 17.31 2.65

Age? -0.01 0.00 0.001 (-0.02 — - 0.00)

Log Total
Income

Minority . 0.9 <0.001 (1.85—5.74)
Status

Age at First
Birth<=21

Age at First 5 220  0.04(0.31-893) 1.71 0.03(0.30 —7.00)
Birth 22-29

17.14 2.23

0.00 0.001 (-0.02 - -0.00)

0.79 <0.001 (1.45—-4.53)

<0.001(12.12 - 22.50)

-0.01

Association of Early Childbearing with BMI for
Young Women as Compared to Women over 30 Years

Model 3 Model 4

<0.001 (14.47 — 22.12)

Parameter
BMI 18.23 2.16 1.95

Age 09 009

Age? IR 0.00  0.001(-0.02 -- -0.00) -0.01 0.00 <0.001(-0.02 - -0.01)

Log Total

Income
Minority 0.74 0.004 (0.71-3.62) 0.61 0.03(0.17—2.58)
Status

Age at First
Birth<=21

Age at First 8 0.06 (-0.08 - 6.15) 1.24 0.14(-0.61 - 4.26)
Birth 22-29

n = sample size; est = Estimate of the coefficient; se = standard error; p = significance value; 95%CI = 95%
confidence interval.
Table 3: Age at first birth has the greatest association among women under 21 years.

<0.001 (14.00 — 22.46) 18.30
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An additional set of analyses was completed to estimate the association of early
childbearing as compared to initiating childbirth at or after age 30. Once again, four
models were considered and results are presented in Table 3. Model 1 included all
women in the sample; model 2 excluded women with class III obesity at baseline; model
3 excluded women with class II and class III obesity at baseline; and model 4 excluded
all women who were obese at baseline. The association of age at first birth with BMI
was greatest for the youngest women. Overall, women who experienced their first birth
at 21 years or younger had a BMI five units greater than women who delayed
childbearing until at least 30 years (5.02; p=0.02, 95%CI: 0.65 — 9.40). Women
experiencing their first birth between ages 22 and 29 also had a higher BMI than women
delaying their first birth to age 30 years or more (4.62; p=0.04, 95%CI: 0.31 —8.93). In
models 3 and 4, women experiencing their first birth between 22 and 29 years

were not significantly different at the 0.05 level from women who initiated childbearing
at 30 years or older and the confidence intervals overlap (model 3 p=0.06, 95%CI:

-0.08 — 6.15 and model 4 p=0.14, 95%CI: -0.61 — 4.26). Nonetheless, given sample size
considerations and the consistent direction of coefficients within the models, these groups

may be different albeit with an effect size that is too small to detect with these analyses.

The effect of age was consistent with prior models. Log of total household income
failed to reach significance in any of the models, which was consistent with the first set
of analyses. Minority status was significant in all four models and displayed the same
pattern of decreasing magnitude as the models were increasingly restrictive of more

obese women.
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The last set of analyses examined the role of age at first birth as a possible mediator
of minority status. As with the prior analyses, four models were examined and results
are in Table 4. Model 1 considered all women, model 2 excluded women with class

IIT obesity at baseline, model 3 excluded women with class II and class III obesity at
baseline and model 4 excluded all women who were obese at baseline. Introducing
age at first birth to the models had a small effect on the estimate of the coefficient of
minority status, with the exception of model 4. The estimate of the effect of minority
status on BMI among women who were not obese at baseline was statistically significant
but close to 1 (1.38, p=0.03; 95%CI: 0.18 — 2.58) and remained essentially unchanged
after age at first birth was introduced to the model (1.34; p=0.02, 95%CI: 0.18 — 2.50).
For all models (1, 2, and 3) that included women who were obese at baseline, the
coefficient for minority status decreased by approximately 0.22 BMI units when age
at first birth was introduced. This is about one pound per year for a woman of average
height (5°4”) in the US and is consistent with the association of delaying first birth for

each year beyond age 15 years.

Discussion

These analyses stemmed from the overarching hypothesis that timing of childbirth is
important. Most studies of childbearing and obesity consider the role of gestational
weight gain and subsequent maternal BMI. Few studies have considered the role of
maternal age and obesity. Scholarship in this area typically considers teen pregnancy and
obesity. Among women who became mothers in adolescence, Herman and Yu found that

BMI prior to pregnancy was the most significant predictor of obesity after childbearing.*!
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In addition to greater gestational weight gain when compared to adults *2, adolescent
mothers also appear to develop more central adiposity.** Young mothers (age 14-22)
were more likely to be obese five years after delivery than young women who did not
have children, suggesting that early childbearing may have unique implications for long-
term weight status among women.” Findings from other studies suggest that younger age
at menarche and short interval from menarche to first birth may increase the likelihood of

developing obesity.** 3

A recent study by Robinson and colleagues used propensity score matching to compare
multiparous and nulliparous women and consider the role of maternal age and obesity
among slightly older, non-adolescent, mothers.*® With data from the National Longitudinal
Study of Adolescent Health, they used logistical regression models to estimate both
incidence and prevalence of obesity among mothers and childless women with a mean

age of 28.4 years. Results found no significant difference between nulliparous and parous
women, suggesting no association between childbearing and obesity. The study by
Robinson differs from this study in two important ways. One, Robinson and colleagues
did not consider age at first birth as an explicit variable. Two, their study participants have

an older mean age at first birth than participants included in the present work.

The association of age at first birth with BMI on an annual basis may appear modest.
Estimates of the association ranged from 0.20 to 0.25 less BMI units for each year a first
birth was delayed, depending on the model. This represents a little over a pound a year

for a woman of average height in the US and is roughly half the estimated effect of
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aging itself. While some evidence suggests that elevated BMI before pregnancy is most
predictive of obesity after childbirth,*! this association was significant even when
considering only women with a BMI in the normal and overweight range prior to
pregnancy. The cumulative association of age at first birth is more easily appreciated
when comparing younger mothers (21 years or less) to older mothers (30 years or more).
Among all women in the sample, women who experienced the transition to motherhood
at 21 years or younger were five BMI units heavier than women 30 years and older when

they become first-time mothers.

Findings suggest that increased BMI, and by extension obesity, may be an
underappreciated factor of adolescent pregnancy. Additional studies are needed to
explore this research question. Age-specific analyses also are important to inform public
health policy and to support intervention strategies that are appropriately tailored to
mothers. Current guidelines for recommended weight gain during pregnancy are adapted
according to pre-gestational maternal weight. Obstetrical providers also may wish to
consider maternal age among first-time mothers as another parameter to direct individual

counseling and recommendations.

Four models were examined to consider possible ceiling effects of age at first birth, and
to explore the role of baseline BMI. When treated as a continuous variable, the estimate
of the association of age at first birth with BMI remained stable across all models. It
was marginally significant, inclusive of all baseline BMI values, reaching statistical

significance at the 0.05 level in other models. Overall, these findings are insufficient to

102



support the presence of a ceiling effect of BMI on age at first birth. Examining the
association of age at first birth by baseline BMI also established the effect was significant

among women who were normal and overweight but not obese before pregnancy.

When comparing the four models, the effect of minority status consistently decreases as
baseline BMI is restricted to lower classifications. This finding suggests that minority
women were more likely to report BMIs in the overweight, obese, and extremely obese
range. Other estimates in the model remained largely stable. Of note, household income
was not significant in any model. Other studies have found a negative association
between income and BMI in the US, with higher incomes generally associated with lower
BMI .*7% One of the strengths of the PSID is the sophistication with which income

data are collected, and these findings may reflect the robust nature of income measures
available in the panel. As this is a contemporary sample of data from waves collected
between 1999 and 2011 inclusive, findings also may reflect a dynamic association

between income and BMI, where income is becoming less strongly associated with BMI.

Although the mechanisms are poorly understood, minority women experience increased
risk of obesity after childbearing. Analyzing National Health and Nutrition Examination
Survey (NHANES) data, Wolfe and colleagues reported that black women were more
likely to experience weight gain ten years after pregnancy than white women.> Parker
and Abrams also examined relations between race and postpartum weight retention using
the 1988 National Maternal and Infant Health Survey.® Results suggest black women are

twice as likely as white women to retain weight after childbearing (adjusted OR 2.20,
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95% CI 1.50 — 3.22). Minority women, on average, also experience childbirth at younger
ages than white women. The National Survey of Family Growth (NSFG) reported the
mean age at first birth between 2006 and 2010 was 24.1 years for non-Hispanic white
women, 21.2 years for Hispanic women, and 20.9 years for non-Hispanic black women.
Whereas the probability of a first birth before age 20 among Non-Hispanic black women
and Hispanic women was 32% and 30% respectively, it was just 14% among white
women.” Minority women are not only more likely to experience a first birth during

adolescence and young adulthood but also to be obese.

Analyses suggest that younger age at first birth increased a woman’s BMI. Therefore,
age at first birth might be expected to partially mediate minority status. Analyses
tested for evidence of mediation using the approach formalized by Baron and Kenny
by investigating the relationship between minority status and BMI both in the presence
and the absence of age at first birth.*> When applying this approach, there is evidence
of mediation when the relationship between the independent and dependent variable

is different when the mediating variable is included in the analysis. The coefficient

for minority status decreased by approximately 0.22 BMI units when age at first birth
was introduced, for all models except when restricting baseline BMI to normal and
overweight. While the magnitude of this change may not be significant at the individual
level, it may be meaningful at the population level. The limited sample size also makes
it difficult to evaluate the evidence for possible mediation. Additional studies to better
understand the co-occurrence of younger mean age at first birth and increased risk of

obesity among minority women may advance our understanding of obesity disparities.
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Few studies of obesity and childbearing have conducted longitudinal analyses. Findings
from this study begin to address this gap in our understanding of the complex and
dynamic linkages between reproductive decisions and a woman’s long-term health. It
also is a contemporary sample, with its last wave of data collected just three years ago.
As the overall prevalence of obesity has changed dramatically in the US over the past
several decades, it is important to draw upon recent data. Decisions based upon studies
using data more than ten years old may no longer be relevant to the current forces shaping
the obesity epidemic. Nonetheless, this study also presents limitations. Optimally, height
and weight data would be objectively measured rather than self-reported. A larger sample
with more measures before and after pregnancy also would lend more confidence to

interpretation of findings.

The preceding analyses are grounded in the life course perspective. This approach
integrates the ways that situation, culture, time, and social organization affect and are
affected by individual developmental processes.* Recently, Davis and colleagues
brought the life course perspective to their consideration of stress, childbearing, and
obesity.* Their model draws upon the weathering hypothesis +* and frames disparities
in obesity among whites and blacks as the result of differences in responses to stress
and reproductive events. Davis’ conceptual framework recognizes exogenous factors
within the social, cultural, and physical environment and stress as processes that occur
across time. Obesity disparities among women are seen as the result of “a combination
of genetic risk, suboptimal living environment (e.g. social and physical), differential

exposure and response to chronic stress, coping ability, and health risk behaviors.”
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In their framework, Davis and colleagues advance the idea that how women respond to
stress affects the manner in which these various factors may influence maternal weight
and obesity. Their model assumes the stress-response system operates between puberty
and menopause in the same way irrespective of when childbearing occurs. Experiencing
childbirth at younger ages is associated with multiple social and economic challenges,
which may promote frequent activation of the stress-response system and thus result in
higher BMIs at younger ages. Prior research has established that other factors involved
in the stress-response system, such as sleep patterns* and mental health,* also differ
systematically by age. Younger women also are less likely to be married* and more
likely to experience unintended pregnancy.*’ Additional bio-behavioral studies to explore
these pathways are needed. Timing of childbearing is an important aspect of life course
events that merits additional attention from clinical researchers interested in obesity and

health disparities.
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CHAPTER 6:

Implications for Public Health Research, Policy and Practice

6.1 Summary

The overarching goal of this dissertation is to better understand the ways in which
reproductive decisions may shape a woman’s overall health status over the life course.
Particularly, the impact of childbearing on body mass index (BMI) is explored, with
attention to factors that may contribute to obesity disparities between minority and

white women.

Specific aim one is to describe how allostatic load provides a framework to understand
the contributions of reproductive events to BMI over the life course. The first article,
chapter three, completed this specific aim by presenting the conceptual framework
linking childbearing and BMI. It outlined pathways through which childbearing
patterns may contribute to obesity by influencing a woman’s BMI. The conceptual
framework is supported by life course theory and draws upon three models, including
weathering, allostatic load and the environmental affordances model. While presenting
distinct orientations, these models shared the substantive argument that stress modifies
neuroendocrine structure and function in ways that are detrimental to health.":?> The
conceptual framework introduces age at first birth as a possible marker of stress that
connects childbearing and obesity, highlighting the significance of timing as a key factor

to consider when examining this linkage.
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Specific aim two is to determine if the transition to motherhood impacts BMI after
childbirth. The second article, chapter four, completed this specific aim. Women in the
study that experienced a transition to motherhood had a mean BMI that was 1.22 units
less at baseline than women who remained childless. This is a difference of about seven
pounds for a woman of average height in the US. The mean BMI of both mothers and
women who remained childless exceeded 25 units, making both groups overweight at
baseline. It suggests that many women enter their reproductive years already overweight
and possibly obese. Women experienced a significant increase in BMI after the
transition to motherhood that was equivalent, on average, to about 4.5 pounds for a
woman of average height. As expected, household income was negatively related to BMI
and minority status demonstrated a significant positive relationship to BMI. Analyses
also considered the association of multiparity with BMI. Although results suggest that
most of the association with childbearing occurs with the first birth, a larger sample
might also identify significant effects of higher order births. The change in the latent
intercept after childbearing lends evidence to the premise that elevated BMI after

pregnancy may be driven by gestational weight gain and postpartum weight retention.

Specific aim three is to determine if the association between the transition to motherhood
and subsequent BMI differs by age at first birth and minority status. The last article,
chapter five, completed this specific aim. Findings suggest young age at first birth

may be a marker for elevated BMI. For each year that a woman’s first birth is delayed
beyond age 15, BMI decreases by about 0.22 units. The association of young age at first

birth with obesity is best appreciated when comparing women who were 21 years or
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younger to women 30 years or older. Overall, women experiencing the transition to
motherhood at 21 years or younger had a BMI five units greater than women who delayed
the transition to motherhood until at least 30 years (5.02; p=0.02, 95%CI: 0.65 — 9.40).
Although household income was inversely related to BMI in models related to specific
aim two, there was no significant relationship in analyses related to specific aim three. As
expected, minority status was significantly associated with elevated BMI. Adding age at
first birth to the models changed the coefficient for minority status marginally. In light of
these findings, younger age at first birth merits additional study as a possible mediator of

the relation between minority status and obesity.

6.2 Implications for Public Health Research

Obesity is a complex condition to manage at the population level due to the magnitude
of the epidemic and its associated co-morbid conditions. It is a difficult condition

to treat at the individual level because there are few effective therapies other than
surgical interventions.” While pharmacological options are increasing, adverse effects
often limit utilization of medications.* These and other challenges associated with
secondary prevention make finding ways to support primary prevention of obesity

critically important.

Findings suggest that many women already are overweight or obese before they
become pregnant, suggesting that primary prevention needs to start prior to pregnancy.
Preconceptual counseling offers an important opportunity for health care providers

to encourage women to address issues of excess nutrition. Nonetheless, given the
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large number of pregnancies in the US that are unplanned, this approach is likely to
be insufficient.” Furthermore, even women who plan pregnancies seldom present
specifically for preconceptual counseling and health care. Identifying optimal points
of intervention during adolescence, young adulthood and throughout the rest of the

reproductive years and well as the interventions that have the most impact is a priority.

The difference in baseline BMI between women who transitioned to motherhood and
women remaining childless was just over one unit, or roughly seven pounds for a
women of average height in the US.® BMI among mothers increases almost five pounds
after childbearing. As these changes were associated with the latent intercept, these
results are limited to associations with the transition to motherhood and do not provide
information about trajectories. The life course perspective encourages consideration of
both transitions and trajectories, making investigation of BMI trajectories a compelling
and appropriate progression of the work presented. PSID is expected to release data from
the 2013 wave within the first quarter of 2015, at which point I will update my sample
with the additional observations and continue with this succession plan. I will re-run
the analyses presented and expect to have more precise estimates. With the anticipation
of both a larger sample and more observations, I also plan to examine BMI trajectory.
Information about the trajectories of mothers and women without children may help
refine the hypotheses related to the impact of stress after early childbearing. It also will
provide a more complete narrative of systematic changes in the pattern of BMI changes

after childbearing, as well as between mothers and women without children.
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6.3 Implications for Public Policy

Policy discussions more typically relate obesity prevention to diabetes or
cardiovascular disease and unintended pregnancy prevention to adolescent reproductive
health. Nonetheless, findings suggest that policy relating obesity and unintended
pregnancy prevention activities may be beneficial. Greater understanding of the
relations between childbearing and subsequent overweight and obesity among US
women is a priority as many pregnancies in the US are unintended. Mosher and
colleagues reviewed National Survey of Family Growth (NSFG) data from 1982 to
2010 and estimated that 37% of births were unintended.® Further, adolescents and
young women experience a large proportion of the unintended pregnancies. Among
adolescent and young adult (age 20 to 24) mothers, 77% and 50% of births were
unintended, respectively.’ In contrast, just 25% of births were reported as unintended
among women age 25 to 44 years. While unintended pregnancy is an important public
health outcome in its own right, increasing the proportion of planned pregnancies
among young women may also yield benefits for obesity prevention and the chronic
diseases associated with it. Findings support the need for continued investments in
family planning and prevention of unintended births among adolescents and young

adults.

Policy initiatives to support intensive monitoring of gestational weight gain and
aggressive weight management after childbirth appear indicated. Public and commercial
insurance plans do not typically cover routine nutritional counseling during prenatal care.

Adding this service may prove beneficial to individual women during their reproductive
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years, as well as yield broader public health benefits over time. At present, most women
receive one post-partum visit after childbirth. Extending follow-up to include nutritional
monitoring and weight management also offers the potential to benefit women. Initial
goals for clinical management may be returning to pre-pregnancy BMI. Longer term

goals may include achieving and maintaining a BMI in the normal range.

6.4 Implications for Practice and Program Interventions

At a most basic level, the problem of overweight and obesity may be defined as one of
caloric consumption and expenditure. Interventions to address these parameters often
target reducing caloric intake, increasing caloric expenditures, or both. Unfortunately,
effective behavioral interventions are few and pharmacological options often present
the potential for significant adverse effects, leaving surgical interventions as the most

promising option at this point.**

Findings from these analyses suggest that another approach to interventions targeting
overweight and obesity may be beneficial. Rather than focusing on diet and exercise,
attending to life course transitions offers potential benefits. Pregnancy is a time when
women may be prompted to attend to their own health in new ways. Evidence that maternal
diet during pregnancy may influence the risk of obesity and other adverse outcomes among
offspring offers the potential to motivate women to adopt dietary and lifestyle behaviors they

previously evaded. Investigations of these pathways are needed.

The role transition to motherhood may have on obesity also compels us to reexamine
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the high proportion of pregnancies in the US, particularly among younger women,
that are unintended. Public health arguments to prevent unintended childbearing
have traditionally drawn upon evidence related to the negative social and economic
consequence for women, children and families. Findings from these analyses point
to potential negative consequences for women’s health due to elevated BMI and its
attendant co-morbid conditions such as cardiovascular disease and diabetes. Such
an approach represents a fundamentally different context for unintended pregnancy

prevention and merits additional consideration.

6.5 Limitations

Studies comparing measured height and weight data to self-reported height and weight
consistently find the mean error is small and the variability is large.”” Research also finds
individuals over report height and underreport weight.” Differences by race and ethnicity

have been identified, primarily in studies from 2003 forward.!® !

Under optimal circumstances, measured height and weight would be available for the
proposed study. Barriers to obtaining height and weight data are several. Cost is one
factor, as settings in which measured height and weight data may be collected require
equipment and trained personnel. Confidentiality is paramount in all data collection
efforts; however, collecting anthropometric information requires privacy accommodations
that are more expansive than surveys and interviews. Being weighed is sensitive for

many women and may be approached with more reluctance than simply providing the

115



information verbally. As a result women who are willing to participate in data collection
that involves measured height and weight may be different from women in studies that

collect self-reported parameters.

Self-reported weight, even when a woman desires to be forthcoming, still may suffer
from reporting bias. A woman may provide an inaccurate weight because she has not
weighed herself recently. In homes without scales, women may rely on the weight

they remember from their most recent visit to a health care provider. Making accurate
reporting dependent, in turn, on the ease with which she may access health care and the
frequency with which she may be able to do so. Finally, it may be difficult for women to
remember their most current height and weight, resulting in recall bias. Digit preference
for reporting numbers that end in “5” or “0” also may occur among women regardless of

how forthcoming or reluctant she may be about reporting her height and weight.

Nonetheless, despite these limitations, self-reported height and weight is the conventional
source of data for studies that involve BMI.” Given the frequency with which self-
reported height and weight data is used, it is important to consider the influence of
misreported height and weight data on results. If the reporting error is systematic and
consistently in the same direction, then misreporting will result in misclassification

bias. Women commonly over report height and underreport weight, which biases results
toward lower BMI classifications. Stommel and Schoenborn found that the majority of
misclassified BMI by self-reported data are “within one unit of category boundary in

question” and occur most often at the extremes of weight.’
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Estimating the degree of misreporting, recall, and misclassification bias present in these
analyses is difficult. Given the ages of women in the sample, height is not expected to

change during the study period. It is reassuring, therefore, that height as reported in the
sample remained stable over the seven waves of data. Nonetheless, examination of the

data does reveal digit preference.

Internal validity is another potential concern with data from the Panel Study of Income
Dynamics (PSID). PSID is one of the longest running panel studies in the US with some
families participating for over 45 years. While panel duration offers rich longitudinal
information, length of participation and responding to repeated survey questions over time
also may result in response habituation and participant conditioning. As mentioned in chapter
two, PSID conducted a study to validate its height and weight data. Andreski compared
PSID height and weight data to self-reported height and weight data of the National Health
Information Survey (NHIS).!> Results are provided in chapter 2, Figure 3 and demonstrate
that self-reported height and weight in PSID is comparable to other nationally representative
surveys. Although these results do not address concerns about bias in self-reported height
and weight data, it does provide reassurance that height and weight data from PSID are at
least as robust as other large survey studies conducted in the US. It also may suggest that the
multigenerational sample and exceptionally long study duration, forty-six years, may actually

contribute to a greater willingness to disclose sensitive information over time.

6.6 Strengths

In situations where conditions cannot be randomly assigned, such as motherhood,
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it is scientifically important to examine research questions from perspectives that

are methodically distinct. PSID is a nationally representative sample, whereas many
studies of obesity and childbearing have drawn upon cross-sectional surveys and
clinical samples. A key strength of this work, therefore, is contributing findings from
a population-based panel to the investigation of obesity and childbearing. It is an
advantage to have data that presents different strengths and limitations than those of

cross-sectional surveys and clinical samples.

The impact of attrition is an important consideration for all panel studies. Fitzgerald and
colleagues completed two expansive evaluations of attrition in the PSID. In 1998, they
concluded that while overall accumulative panel attrition from 1968 was roughly 50%,
authors found “no strong evidence that attrition has seriously distorted the representativeness
of the PSID through 1989, and considerable evidence that its cross-sectional
representativeness has remained roughly intact (p. 251).”"® The second study considered
attrition between generations through 2007."* They tested several attrition models and found

“little evidence of attrition bias for female intergenerational models (p. 21)."

Attrition of less healthy participants is an important concern for studies that consider
health outcomes. In his review, Fitzgerald refers to a study of selective attrition in PSID
by health status completed by Halliday and Kimmitt in 2008 (p.2).'* Their findings
confirmed that individuals of poor health may be more likely to drop out but also found
evidence that they are easier to track over time. Importantly, Fitzgerald also refers to two

papers that used PSID to investigate health outcomes and specifically tested for selective
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effects of attrition on their findings (p.3)."* Both studies concluded that selective attrition
by health status did not alter their results. Overall, studies are reassuring that attrition in

PSID is not a large problem.

PSID also is a contemporary sample. The waves included in these analyses are 1999

to 2011. Prevalence of overweight and obesity has changed significantly over the past
five decades in the US but appears to be stabilizing in recent years among adults and
decreasing among children.!® In order to inform current policy decisions appropriately,

studies need to draw upon the most recent data possible.

Finally, one of the principal sources of confounding in studies of overweight and obesity
as well as health disparities is economic status. Since the original purpose of PSID

was to study income and wealth in US households, this study benefited from some of
best measures of income available. As a result, these analyses were able to address
confounding more effectively. The study design also is a strength. Using multilevel
analysis maximized the benefits of nested data. Incorporating pregestational BMI and the

length of follow-up after childbearing are additional benefits.

6.7 Closing

The overarching goal of this dissertation is to promote our understanding of the pathways
through which reproductive health events may contribute to women’s long-term health
status. It is motivated by the goal of understanding the impact of the transition to

motherhood on obesity, with attention to the role of age at first birth. Findings point to a
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positive association between childbearing and increasing BMI, with the most substantial
impact occurring with the first birth and among women who experience the transition

to motherhood at 21 years or younger. By extension, these findings would suggest that
by giving rise to an earlier onset of obesity, early childbearing may also result in earlier
onset and longer duration of chronic diseases associated with obesity. While the present
analyses provide weak evidence of age at first birth as a mediator of the association
between minority status and BMI, it merits additional exploration with a sample that is

capable of appropriately addressing this research question.
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