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ABSTRACT
Background: Obesity is a leading health indicator with larger body size associated with
increased all-cause mortality. Sexual minority women (SMW) are reported to have higher body
mass index (BMI) than heterosexual women.
Aims: The three aims of our research were to: 1) identify if, and what, differences exist in
dietary intake of women by sexual orientation (SO); 2) investigate dietary consumption as a
potential mediator between SO and BMI; and 3) explore current depression as a mediator with
the sample stratified by lifetime history of depression.
Methods: This secondary analysis utilized Epidemiologic STudy of HEalth Risk in Women
(ESTHER) Project data. Group comparisons were made between the SO groups for dietary
intake from three-day food diary data. With SO as the predictor and BMI as the outcome, three
models were tested: 1) total caloric intake as a mediator; 2) macronutrients (mean daily grams of:
fat, carbohydrates, protein, and alcohol) as parallel mediators; and 3) current depression as a
mediator with the ESTHER sample stratified by lifetime history of depression.
Results: SMW had significantly higher BMI than heterosexual women. Even after adjusting for
education level and parity, SMW had higher daily consumption than heterosexual women of:
caloric intake; total fat; total monounsaturated fatty acid; and total polyunsaturated fatty acid.
Alcohol intake was significantly higher for SMW than heterosexual women but not after
iv

adjusting for education and parity. Total caloric intake and fat intake partially mediate the
association between SO and BMI even when covariates are held constant (age, education,
smoking status, physical activity). SMW had significantly higher rates of lifetime history of
depression than heterosexual women. We did not find evidence that current depression mediates
the relationship between the SO of women and BMI. We found that women with no lifetime
history of depression did not have a significant association between the sexual orientation of
women and BMI.
Conclusion: Our findings are of public health significance to this minority population. Research
has traditionally concluded that SMW are disproportionately more overweight and obese than
heterosexual women. We explored the influence of dietary intake and depression to help explain
BMI differences.
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PREFACE

As written in a letter Thomas Jefferson wrote to Samuel Kercheval in 1816:
I am not an advocate for frequent changes in laws and constitutions, but laws and
institutions must go hand in hand with the progress of the human mind. As that becomes
more developed, more enlightened, as new discoveries are made, new truths discovered
and manners and opinions change, with the change of circumstances, institutions must
advance also to keep pace with the times.
I would like to commend Deborah Aaron, PhD, now deceased, for her work to advance the
research for sexual minority women and leaving a legacy to enlighten us all.
Thank you to my committee members for your support and scientific insight. I am grateful for
the time you have gifted me and your dedication to education. A very special thank you to my
coursework advisor, Dr. Bromberger and to my dissertation advisor, Dr. Markovic.
Earning this degree, while growing our family and working, was immensely difficult. I am so
thankful for the encouragement and support from my husband, Keith, and my family. Thank you
for believing this accomplishment was possible.
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1.0

DISSERTATION OVERVIEW AND OBJECTIVES

Obesity is a leading health indicator with higher body size associated with increases in all-cause
mortality. Sexual minority women (SMW) are reported to have higher body mass index (BMI)
than heterosexual women. Sexual minorities are also reported to have higher risk of anxiety and
depression compared with heterosexuals. The minority stress theory model hypothesizes that
mental health disparities between sexual minorities and heterosexuals are from a stressful
environment created by stigma, prejudice, and discrimination. The Institute of Medicine’s first
report on the health of lesbian, gay, bisexual, and transgender people reported theories on why
SMW may be more obese or overweight than heterosexual women. The theories include that
obesity is associated with minority stress exposure; SMW do not adhere to culturally popular
ideas of body type and instead focus on body fitness; differences in exercise patterns exist
between SMW and heterosexual women; and childhood sexual abuse (CSA), a risk factor for
multiple deleterious health outcomes, is more prevalent among SMW.
The objective of this research was to investigate dietary intake differences between SMW and
heterosexual women, test dietary consumption as a potential mediator between the sexual
orientation of women and BMI; and to explore current depression as a mediator with the sample
stratified by lifetime history of depression. The specific aims were to utilize the ESTHER data
to:

1

•

Compare the macronutrient intakes of SMW and heterosexual women using threeday food diary data for the unadjusted sample and after adjusting for education
level and parity.

•

Test mean three-day food diary total caloric intake as a mediator between the
sexual orientation of women and BMI.

•

Test macronutrients (mean grams of: fats, carbohydrates, protein, and alcohol) as
parallel multiple mediators between the sexual orientation of women and BMI.

•

Test current depression as a mediator with the ESTHER sample stratified by
lifetime history of depression.

2

2.0

2.1

2.1.1

BACKGROUND

SEXUAL MINORITY RESEARCH

Overview of Sexual Minority Research History

A minority group in the United States has sustained, and continues to endure, immense
discrimination. The discrimination comes from legislative restrictions, social stigma, and from
the scientific community. Prior to 1973, when homosexuality was removed from the Diagnostic
and Statistical Manual of Mental Disorders, the American Psychiatric Association (APA) viewed
this minority group as ill. Research about the LGBT population focused on etiology until the
psychiatric classification was removed. Beginning in the 1980’s the health research for this
population turned to human immunodeficiency virus research. In the 1990’s, in response to the
LGBT community’s publicized plea, research focused on breast cancer among lesbians [1]. The
lack of population-based data and representation of the LGBT population was specifically noted
in Healthy People 2010 and the 1999 Institute of Medicine report on lesbian health [2]. In March
of 2011 the Institute of Medicine published its first report on LGBT health [3]. Boehmer [1]
conducted a review of the public health research over a twenty year span. The search of all
articles in the National Library of Medicine involving humans, published in English, from 1980
to 1999 found 3,822,822 articles. Of those, only 0.1% of the articles addressed the LGBT
population (3,777 of 3,822,822). The articles specifically addressing lesbian health represented
3

27.6% of the LGBT articles identified. The Medical Subject Headings (MeSH) that the National
Library of Medicine uses to index articles had simply been “Homosexuality” between 1966 and
1994 for lesbians and in 1995 the MeSH term was changed to, “Homosexuality, Female” to
represent: Female Homosexuality, Lesbianism, Lesbians, and Lesbian. Given the history of
research that involves the LGBT minority group, it is easy to see the room for growth.

2.1.2

National Recommendations for LGBT Research

The Institute of Medicine’s 2011 publication about the first report on LGBT health [3] had
specific recommendations that I would like to note here as they represent some very basic steps
in studying a minority population. The recommendations were:
1. The National Institute of Health (NIH) should implement a research agenda designed to
advance knowledge and understanding of LGBT health.
2. Data on sexual orientation and gender identity should be collected in federally funded
surveys administered by Health and Human Services (HHS) and in other relevant
federally funded surveys.
3. Data on sexual orientation and gender identity should be collected in electronic health
records.
4. NIH should support the development and standardization of sexual orientation and
gender identity measures.
5. NIH should support methodological research that relates to LGBT health.

4

6. A comprehensive research training approach should be created to strengthen LGBT
health research at NIH.
7. NIH should encourage grant applicants to address explicitly the inclusion or exclusion of
sexual and gender minorities in their samples.

2.1.3

Challenges in Sexual Minority Research

There are some very specific challenges when researching the LGBT population. Simply
defining the group which you are studying is difficult. Sexual orientation is defined by the APA
as the sex of those to whom one is sexually and romantically attracted [4]. Further, the APA
guidelines define attraction to one’s own sex as gay/lesbian, attraction to the other sex as
heterosexual, and attraction to both sexes as bisexual. The APA cites research documenting the
continuum and fluidity of sexual orientation [4]. The Institute of Medicine highlights that
defining “lesbian” is one of the first challenges in studying the minority population [3]. Some
research uses same-sex partners at some point since puberty, currently only having sex with
same-sex partners, sexual partner preference, and primary sexual desire/relationships in the past
5 years are some examples of how the population is defined.
The LGBT population is very diverse which can pose a generalizability challenge. Even within
one facet of the community, lesbians for example, there are sociodemographic characteristic
differences, economic differences, and even differences in identities and traditional gender roles
(e.g. ‘butch’, ‘femme’) [5,6].

5

2.1.4

Sexual Minority Women Population

A specific group of the LGBT population, lesbians or Sexual Minority Women (SMW) are the
focus of this dissertation. As noted above identifying this population is difficult. Nationally how
many women in the United States (US) identify as a sexual minority woman? The data are
inconsistent but estimates range from 0.5% to 4% of the US population. The Census in 2000
used same-sex partner households to generate an estimate of 0.54% of US adult women are
SMW. Gates (2011) reviewed five US national surveys and surveys from Canada, the United
Kingdom, Australia, and Norway to estimate the number of SMW. In the US it was estimated
that 3.4% (made up of 1.1% lesbian; 2.2% bisexual) of the women were SMW [7]. Using 1990
census data, Aaron (2003) estimated the adult lesbian population to be 1.87% in Allegheny
County, PA [8]. The Institute of Medicine’s 2011 publication [3] estimates 4% of the adult US
population is a SMW.

2.1.5

Sexual Minority Women and Body Mass Index

The existing literature reports that SMW have a higher body mass index (BMI), than
heterosexual women [9-17]. The Institute of Medicine’s first report on the health of lesbian, gay,
bisexual, and transgender people specifically highlighted the issue of increased obesity among
SMW [3].

6

2.1.6

Minority Stress

The minority stress theory model is widely accepted and proposes to explain the disparities in
mental health between sexual minorities and heterosexuals. The minority stress theory model
hypothesizes that the stressful environment created by stigma, prejudice, and discrimination
against SMW, elicits mental health issues that may, explain the greater prevalence of mental
health disorders among sexual orientation minorities [18,19]. There is a higher prevalence of
anxiety and depression among sexual minorities compared with heterosexuals [19-23].

2.2

LIMITATIONS IN EXISTING EPIDEMIOLOGIC LITERATURE

The existing literature reports SMW have higher BMI than heterosexual women [9-17], that
sexual minorities endure a lifetime of psychological distress [18,19] and have higher rates of
anxiety and depression [19-23]. The current body of literature for SMW concludes that SMW
have a higher BMI than heterosexual women but have limited explanations as to the cause. To
our knowledge there are no published studies that compare specific dietary intake components by
sexual orientation in women. Understanding dietary intake can inform BMI disparities between
SMW and heterosexual women. Investigating potential mediators of the relationship between the
sexual orientation of women and BMI would also fill a gap in the existing literature. Dietary and
psychological considerations may play a role in the relationship between the sexual orientation
of women and BMI.

7

2.3

SPECIFIC AIMS

This dissertation follows the three manuscript approach and all three are secondary data analyses
uses data collected in Pittsburgh, PA from the Epidemiologic STudy of HEalth Risk in Women
(ESTHER) Project.
The aim of Research Article 1 (Section 3.0) was to utilize the ESTHER three-day food diary data
to compare macronutrient intake between SMW and heterosexual women. Then to adjust for
education levels and parity and compare macronutrient intake between SMW and heterosexual
women.
The aim of Research Article 2 (Section 4.0) was to test mean three-day food diary total caloric
intake as a mediator between the sexual orientation of women and BMI and to test mean grams
per day from fats, carbohydrates, protein, and alcohol as parallel multiple mediators between the
sexual orientation of women and BMI.
The aim of Research Article 3 (Section 5.0) was to stratify the ESTHER sample by self-reported
lifetime history of depression and test current depression as a mediator between the sexual
orientation of women and BMI.
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3.0

DIETARY COMPARISON BETWEEN SEXUAL MINORITY WOMEN AND
HETEROSEXUAL WOMEN

Pokrzywinski R1, Evans RW1, Danielson ME1,2, Youk AO3,4,
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3.1

ABSTRACT

Background and Objective: Obesity is a leading health indicator with greater body size
associated with increases in all-cause mortality. Sexual minority women (SMW) are reported to
have higher body mass index (BMI) than heterosexual women but little has been reported
concerning dietary intake differences. Our goal is to investigate variances in dietary intake by
sexual orientation in women. We hypothesize that there are differences in macronutrient intake
between SMW and heterosexual women.
Methods: Dietary intake data collected via a three-day food diary as part of the Epidemiologic
STudy of HEalth Risk in Women (ESTHER) Project (Pittsburgh, PA) was used for this
secondary data analysis. The sample included 431 SMW and 368 heterosexual women age 35–
64. Dietary analysis was performed with the Nutrition Data System for Research (NDSR)
software version 2007. Unadjusted descriptive statistics and comparisons of between-group
means were evaluated then adjusted for education level and parity.
Results: BMI was statistically higher among SMW than heterosexual women. No differences in
physical activity were identified between SMW and heterosexual women. Macronutrient
differences between sexual orientation groups were identified. SMW had statistically significant
higher daily intake of total calories, total fat, total monounsaturated fatty acid, total
polyunsaturated fatty acid, than heterosexual women even after adjusting for differences in
education and parity. Alcohol intake, and percent of calories from alcohol per day, were
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significantly higher among SMW than heterosexual women but the statistically significant group
differences ceased when adjusting for education and parity.
Conclusion: This is the first study to use three-day food diary data to explore differences in
macronutrient intake between SMW and heterosexual women. Total caloric intake and intake of
fat was significantly higher among SMW than heterosexual women which could explain
disparities in BMI of women by sexual orientation. Intake of alcohol was higher among SMW
than heterosexual women but not after adjusting for education and parity.

3.2

INTRODUCTION

The obesity epidemic in the United States is continuing to rise despite published national goals.
The Healthy People goal for 2010 was an obesity (body mass index [BMI] ≥30 kg/m2)
prevalence of <15% but no state met that goal [1]. The Healthy People goal for 2020 is to have
an obesity rate of <30.5% [2]. Among United States (US) adult women age 20 and older, 36.1%
were obese in 2011–2012 [3].
Obesity is seen as a leading health indicator, with greater body size associated with increases in
all-cause mortality. Obesity is associated with increased risk of hypertension, dyslipidemia, type
2 diabetes, coronary heart disease, stroke, gallbladder disease, osteoarthritis, respiratory
problems, and certain cancers (including breast, endometrial, colon) [4]. Obesity is a preventable
risk factor associated with the leading cause of death among women—cardiovascular disease
(CVD). About a quarter of US adult women die from CVD [5]. There has been a national call
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for action to lower obesity rates through avenues such as Healthy People and The Women’s
Heart Health Initiative [6,7].
A group of women who may be at a particularly high risk of CVD are sexual minority women
(SMW). SMW have a greater number of risk factors for CVD, including higher BMI, than
heterosexual women [8-15]. The Institute of Medicine’s first report on the health of lesbian, gay,
bisexual, and transgender people (which was published in March 2011) specifically highlighted
the issue of increased obesity among SMW [16]. Risk for obesity can be better understood if
more is known about SMW’s food consumption.
Only three studies have evaluated differences in food intake between SMW and heterosexual
women, and all utilized limited variables for food intake [10,15,17]. Valanis and colleagues
(2000) evaluated data from the Women’s Health Initiative (n=93,311; n=573 “lifetime lesbian”
or “adult lesbian”), which used the Food Frequency Questionnaire. The Food Frequency
Questionnaire is a self-report of usual frequency of consumption and portion sizes from a list of
foods. Daily value of fruit and vegetable servings were categorized into: <2 servings; 2–3
servings; 4–5 servings; and ≥6 servings. Using multivariate logistic regression analyses, the
study showed SMW had lower intake of fruits and vegetables than heterosexual women [15].
Roberts and colleagues (2003) conducted a smaller study that used convenience snowball
recruitment of 324 SMW and a heterosexual sister. The nutritional variables included the past
year’s consumption of red meat, caloric intake of more than 30% from fat, a low-fat diet, and a
vegetarian diet in the past year. Using paired data, the only difference between the sisters was
that the SMW were less likely to have eaten red meat in the past year [17]. Finally, Boehmer
and Browen (2009) used data from the California Women’s Health Study (2001–2005) which
assessed energy intake based on average daily servings of fruits/vegetables and also asked
12

women about weight loss attempts in the previous year (dichotomized by attempted weight loss
and no attempted weigh loss). No differences were observed between the sexual orientation
groups for either outcome. The three studies provide limited insight regarding eating habits for
SMW [10].
Having a more complete picture of what women with different sexual orientations consume
would better inform the relationship between nutrient intake and differences in BMI between the
two groups. Identifying dietary habits could aid in targeting interventions for SMW who are at a
higher risk of obesity: a major risk factor for many adverse health conditions. This study aims to
investigate macronutrient intake in SMW and heterosexual women. We hypothesize that there
are macronutrient intake differences between SMW and heterosexual women.

3.3

3.3.1

METHODS

Study Design

Data from the Epidemiologic STudy of HEalth Risk in Women (ESTHER) Project conducted in
Pittsburgh, PA, from 2003–2006 were used [18-20]. This cross-sectional study includes
approximately 1,100 participants, half of whom are SMW. The aim of the ESTHER project was
to study risk factors for cardiovascular disease among adult women in the Pittsburgh, PA, area.
Participants who identified as sexual minority women or heterosexual women, were age ≥35,
were not pregnant, and had no previous history of heart disease (angina, heart attack, or stroke)
were eligible for the study. This convenience sample was recruited via newspaper and radio
advertisements, community health events, LGBT events/socials, and the University of Pittsburgh
13

broadcast phone-message system. The study endpoints were collected during two clinic visits
where participants completed study questionnaires; a physical activity and medical history
interview; a fasting venipuncture; a dual-energy X-ray absorptiometry (DXA) scan of hip, spine,
and whole body; and three-day food diaries. The University of Pittsburgh’s Institutional Review
Board (IRB) reviewed and approved the study. Informed consent was documented via written
consent. For their time and participation, participants were reimbursed $50. Funding for the
ESTHER Project was provided by the National Heart, Lung, and Blood Institute, R01HL067052.

3.3.2

Sample

The total study sample (n=1,100) was reduced for the current analyses. Participants were not
included in these analyses if they were missing key variables: age, height and weight (to
calculate BMI), or three-day food diary data. Participants who were underweight or had caloric
outliers (less than 500 and greater than 4,500 kilocalories per day) were excluded [21,22]. The
data were found to be highly skewed in the distribution of older women with a greater number of
older heterosexual women compared with older SMW. Therefore only heterosexuals age <65
were included. There was a disproportionate low prevalence of African-American SMW;
therefore, heterosexual African-American women were randomly selected to stay in the sample.
The total sample for this analysis was 799 (heterosexual n=368; SMW n=431).

3.3.3

Sexual Orientation

Sexual orientation is defined by the American Psychological Association (APA) as the sex of
those to whom one is sexually and romantically attracted [23]. Further, the APA guidelines
14

define attraction to one’s own sex as gay/lesbian, attraction to the other sex as heterosexual, and
attraction to both sexes as bisexual. The APA cites research documenting the continuum and
fluidity of sexual orientation [23]. The Institute of Medicine highlights that defining “lesbian” is
one of the first challenges in studying the minority population [24]. For our research, study
participants identified as heterosexual or lesbian. Heterosexuals identified as heterosexual or
straight and only having male sexual partners since the age of 18 years. SMW, identified as
lesbian or bisexual and having emotional, physical, and romantic attractions within the past 5
years toward only or primarily women or whose relationships within the past 5 years had been
with only or primarily women [19].

3.3.4

Food Diary

Dietary intake data were collected and analyzed using Nutrition Data System for Research
(NDSR) software version 2007, developed by the Nutrition Coordinating Center (NCC),
University of Minnesota, Minneapolis, MN. The participants recorded their food intake for a
total of three days, made up of two weekdays and one weekend day. The NDSR provides a
complete nutrient profile for all foods in the database [25-27]. The mean of the three days was
calculated for each macronutrient for each participant.

3.3.5

Body Mass Index (BMI)

Body weight for the BMI (kg/m2) calculation was assessed in kg using a calibrated balance beam
scale. Researchers measured standing height in feet and inches using a wall-mounted Harpendon
stadiometer. Participants were measured without shoes, and the average of two measures (which
15

varied <0.5 inches) was used. BMI was collected as a continuous variable and converted into
categories as outlined by the World Health Organization (WHO). The categories are: normal
weight (BMI = 18.5–24.9); overweight (BMI = 25.0–29.9); and obese (BMI ≥30.0). Obese can
be further defined by three classes: obese class I (BMI = 30.00–34.99); obese class II (BMI =
35.00–39.99); obese class III (BMI ≥40.00) [28].

3.3.6

Analytic Approach

Descriptive statistics and comparisons of between-group means were conducted. Categorical
variables were created for age and BMI, and all categorical variables were analyzed using chisquared or Fisher’s exact test to compare frequencies. For the comparison of unadjusted means
for continuous variables, student’s t-tests were used. Multivariate analysis of covariance
(MANCOVA) assessed group mean differences after adjusting for highest level of education
achieved and parity. The statistically significant threshold was p<0.05. All statistical analyses
were performed using SPSS (IBM SPSS Statistics 20).

3.4

3.4.1

RESULTS

Participant Characteristics

Participant characteristics are presented in Table 3-1. Just over half the sample identified as
being a SMW (53.9%). The sample was primarily Caucasian (92.6%) and not Hispanic (99.4%),
highly educated (65.9% completing a bachelor’s degree or higher), and having a mean household
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income of at least $60,000 (46.0%). Only 35.3% of the total sample was within the normal range
for BMI.
When comparing SMW to heterosexual women, there were statistically significant mean group
differences. Heterosexual women had a higher rate of parity than SMW (69.0% vs. 26.5%,
p<0.001). SMW had a significantly higher mean BMI (29.62 vs. 28.13, p=0.003) and education
level (p=0.007) than heterosexual women.

Table 3-1. Participant Characteristics

Total Sample
(N=799)

Heterosexual Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

47.59 (7.33)

47.73 (7.64)

47.47 (7.05)

35-64

35-64

35-64

35-39

115 (14.4%)

57 (15.5%)

58 (13.5%)

40-44

184 (23.0%)

83 (22.6%)

101 (23.4%)

45-49

197 (24.7%)

85 (23.1%)

112 (26.0%)

50-54

142 (17.8%)

59 (16.0%)

83 (19.3%)

55-64

161 (20.2%)

84 (22.8%)

77 (17.9%)

Nulliparous

431 (53.9%)

114 (31.0%)

317 (73.5%)

Parous

368 (46.1%)

254 (69.0%)

114 (26.5%)

740 (92.6%)

339 (92.1%)

401 (93.0%)

59 (7.4%)

29 (7.9%)

30 (7.0%)

794 (99.4%)

366 (99.5%)

428 (99.3%)

Variable

Value
P

Age, in years
Mean (SD)
range

0.613

Age Categories

0.298

Parity
<0.001

Race
Caucasian
African-American

0.621

Ethnicity
Not Hispanic or
Latino

17

0.720

Table 3-1. Continued

Total Sample
(N=799)

Heterosexual Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

5 (0.6%)

2 (0.5%)

3 (0.7%)

Mean (SD)

28.93 (7.23)

28.13 (6.44)

29.62 (7.78)

range

18.55-70.09

18.61-55.54

18.55-70.09

Normal

282 (35.3%)

138 (37.5%)

144 (33.4%)

Overweight

233 (29.2%)

122 (33.2%)

111 (25.8%)

Obese-Class I

141 (17.6%)

53 (14.4%)

88 (20.4%)

Obese-Class II

80 (10.0%)

34 (9.2%)

46 (10.7%)

Obese-Class III

63 (7.9%)

21 (5.7%)

42 (9.7%)

Total Physical
Activity, hours per
week

9.3 (11.9)
(0-67.17)

8.66 (11.39)
(0-58.1)

9.9 (12.3)
(0-67.2)

0.139

604, 75.6%

280, 76.1%

324, 75.2%

0.765

< 12 years

4 (0.5%)

2 (0.5%)

2 (0.5%)

High school or
GED

79 (9.9%)

51 (13.9%)

28 (6.5%)

Some college

190 (23.8%)

88 (23.9%)

102 (23.7%)

Bachelors

202 (25.3%)

94 (25.5%)

108 (25.1%)

Graduate+

324 (40.6%)

133 (36.1%)

191 (44.3%)

Less than $15,000

60 (7.5%)

30 (8.2%)

30 (7.0%)

$15,000-$24,999

49 (6.1%)

25 (6.8%)

24 (5.6%)

$25,000-$39,999

134 (16.8%)

65 (17.7%)

69 (16.0%)

$40,000-$59,999

174 (21.8%)

79 (21.5%)

95 (22.0%)

$60,000-$74,999

102 (12.8%)

36 (9.8%)

66 (15.3%)

$75,000 or more

265 (33.2%)

121 (32.9%)

144 (33.4%)

15 (1.9%)

12 (3.3%)

3 (0.7%)

Yes

734 (91.9%)

338 (91.8%)

396 (91.9%)

No

63 (7.9%)

29 (7.9%)

34 (7.9%)

Variable
Hispanic or Latino
BMI kg/m

Value
P

2

0.003

BMI Categories¥

Government
Guidelines for
Mod/Vig PA, yes n, %

0.010

Education

0.007

Household Income

Missing

0.319

Medical Insurance

18

0.248

Table 3-1. Continued

Total Sample
(N=799)

Heterosexual Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

2 (0.3%)

1 (0.3%)

1 (0.2%)

Menopause not
suspected

638 (79.8%)

284 (77.2%)

354 (82.1%)

Menopause

161 (20.2%)

84 (22.8%)

77 (17.9%)

Variable
Missing

Value
P

Menopause Status*
0.081

¥

Normal weight (BMI = 18.5–24.9); overweight (BMI = 25.0–29.9); obese class I (BMI = 30.00–34.99); obese class II
(BMI = 35.00–39.99); obese class III (BMI ≥40.00).
* Based on age alone.

3.4.2

Macronutrient Intake by Sexual Orientation

3.4.2.1 Energy Source
The primary energy sources for the total sample, heterosexual women, and SMW are presented
in Table 3-2. The mean caloric intake for the total sample was 1,862 kilocalories, and the group
differences were statistically significant, with SMW having a higher caloric intake than
heterosexual women (1,900 and 1,818, respectively; p=0.024). Even after adjusting for
education and parity the SMW still had significantly higher mean caloric intake than
heterosexual women (1,910 and 1,805, respectively; p=0.009). The group differences for intake
of fat were also statistically significant, with SMW having higher intake of fat per day than
heterosexual women (75.6gm and 70.9gm, respectively; p=0.026). The significant differences
remained after adjusting for education and parity (70.2 gm/day for SMW; 76.2 gm/day for
heterosexual women; p=0.010).
While total protein intake did not differ significantly by sexual orientation group, intake of
vegetable protein did differ significantly for the unadjusted mean comparisons with SMW having
higher intake than heterosexual women (27.6gm and 25.7gm, respectively; p=0.008). Significant
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mean differences for vegetable protein disappeared once the sample was adjusted for education
and parity.
Intake of alcohol and percent of total calories from alcohol per day were significantly higher in
SMW than heterosexual women (5.9 gm and 4.3 gm of alcohol per day respectively, p=0.023;
2.1% and 1.5% calories per day from alcohol, p=0.022, respectively for SMW and heterosexual
women). However, after adjusting for education and parity there were no significant group
differences by sexual orientation found (4.4 gm and 5.8 gm of alcohol per day respectively,
p=0.090; 1.5% and 2.1% calories per day from alcohol, p=0.076, respectively for SMW and
heterosexual women)

3.4.2.2 Fat and Cholesterol
Daily fat and cholesterol intake for the total sample, heterosexual women, and SMW are
presented in Table 3-3. The group differences were statistically significant for two types of fat:
total monounsaturated fatty acids and total polyunsaturated fatty acids. The group differences
remained statistically significant for the unadjusted, and adjusted means with SMW having
higher intake of fats. Total saturated fatty acid intake was higher among SMW than heterosexual
women. The group means were only borderline statistically significant (p=0.058) but then
significant after adjusting for education and parity (p=0.013). For both of the significant
comparisons, the SMW had higher intakes than the heterosexual women.

3.4.2.3 Carbohydrates
As noted in Table 3-4, total daily carbohydrate intake did not differ significantly by sexual
orientation. However, when investigating the group differences by components of carbohydrates
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(Table 3-4), intake of galactose was significantly higher for SMW than heterosexual women
(0.5gm and 0.4gm, respectively; p=0.043) for the unadjusted sample. After adjusting for
education and parity, fructose and glucose were significantly higher among SMW than
heterosexual women (p=0.010 and p=0.009, respectively).

3.4.2.4 Fiber
Table 3-5 displays the daily fiber intake for the total sample, heterosexual women, and SMW.
The total dietary fiber, soluble dietary fiber, and insoluble dietary fiber intakes were similar
across the sexual orientation groups. We did not find significant group differences for the
unadjusted, or adjusted, sample.
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Table 3-2. Daily Energy Sources
Unadjusted
mean (SD) range

Adjusted for Education Level and Parity
Adjusted mean (SE)

Energy Source
P

Heterosexual
Women
(n=368)

Sexual
Minority
Women
(n=431)

P

1,899.82 (516.16)
699.94-3,667.35

0.024*

1,805.14
(28.26)

1,910.38
(25.91)

0.009*

70.88 (28.94)
11.54-191.68

75.61 (30.65)
16.33-186.10

0.026*

70.15
(1.65)

76.22
(1.51)

0.010*

225.52 (70.45)
54.38-492.01

222.54 (70.55)
56.67-477.68

228.07 (70.35)
54.38-492.01

0.269

220.68
(3.89)

229.65
(3.56)

0.105

Available Carbohydrate g

207.13 (67.18)
37.98-474.94

204.52 (67.29)
48.75-458.43

209.37 (67.09)
37.98-474.94

0.309

202.37
(3.70)

211.20
(3.39)

0.094

Total Protein g

75.02 (22.61)
13.92-174.88

73.88 (22.78)
17.3-174.88

75.99 (22.44)
13.92-156.56

0.188

74.13
(1.24)

75.79
(1.14)

0.349

Animal Protein g

48.15 (21.30)
2.09-157.41

48.06 (21.00)
6.22-157.41

48.24 (21.57)
2.09-122.30

0.904

47.91
(1.18)

48.36
(1.08)

0.788

Vegetable Protein g

26.74 (10.13)
3.78-75.58

25.71 (9.85)
3.78-75.58

27.62 (10.29)
4.94-72.39

0.008*

26.12
(0.55)

27.27
(0.50)

0.142

Alcohol g

5.16 (10.57)
0-89.73

4.26 (9.07)
0-64.92

5.93 (11.66)
0-89.73

0.023*

4.41
(0.58)

5.81
(0.53)

0.090

% calories from fat

34.51 (8.14)
6.65-73.50

34.17 (8.04)
6.65-59.81

34.79 (8.23)
9.65-73.50

0.281

34.10
(0.45)

34.85
(0.41)

0.240

% calories from
carbohydrate

49.09 (9.44)
11.08-80.24

49.54 (9.19)
11.08-80.24

48.70 (9.64)
13.55-74.28

0.212

49.43
(0.52)

48.79
(0.48)

0.388

Total Sample
(N=799)

Heterosexual
Women
(n=368)

Sexual Minority
Women
(n=431)

1,861.91 (513.68)
529.75-3,667.35

1,817.50 (507.87)
529.75-3,463.08

Total Fat g

73.43 (29.95)
11.54-191.68

Total Carbohydrate g

Energy (kilocalories)
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Table 3-2. Continued

Unadjusted
mean (SD) range

Adjusted for Education Level and Parity
Adjusted mean (SE)

Energy Source
P

Heterosexual
Women
(n=368)

Sexual
Minority
Women
(n=431)

P

16.48 (3.94)
7.75-36.58

0.269

16.97
(0.22)

16.34
(0.21)

0.048*

2.08 (3.84)
0-26.46

0.022*

1.56
(0.19)

2.05
(0.18)

0.076

Total Sample
(N=799)

Heterosexual
Women
(n=368)

Sexual Minority
Women
(n=431)

% calories from protein

16.63 (4.08)
5.88-44.61

16.80 (4.24)
5.88-44.61

% calories from alcohol

1.82 (3.4)
0-26.46

1.52 (3.12)
0-21.64

* <0.05

Table 3-3. Daily Fat and Cholesterol Intake
Adjusted for Education Level and
Parity
Adjusted mean (SE)

Unadjusted
mean (SD) range
Fat and
Cholesterol

P

Heterosexual
Women
(n=368)

Sexual
Minority
Women
(n=431)

P

245.87 (147.75)
1.65-837.60

0.249

232.64
(7.70)

247.49
(7.06)

0.176

25.38 (11.71)
4.63-75.72

0.058

23.47
(0.63)

25.70
(0.58)

0.013*

Total Sample
(N=799)

Heterosexual
Women
(n=368)

Sexual Minority
Women
(n=431)

Cholesterol mg

240.65 (139.64)
1.65-850.50

234.54 (129.42)
17.71-850.50

Total Saturated
Fatty Acids g

24.67 (11.49)
2.65-75.72

23.84 (11.18)
2.65-73.60
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Table 3-3. Continued

Total
Monounsaturated
Fatty Acids g

27.44 (11.81)
2.24-72.85

26.53 (11.18)
2.24-67.78

28.22 (12.29)
4.53-72.85

0.043*

26.30
(0.65)

28.42
(0.60)

0.022*

Total
Polyunsaturated
Fatty Acids g

15.66 (7.74)
2.35-57.68

14.19 (7.43)
2.35-45.19

16.23 (7.95)
2.60-57.68

0.024*

14.91
(0.43)

16.29
(0.39)

0.023*

Total Trans-Fatty
Acids g

4.10 (2.64)
0.01-18.36

4.05 (2.68)
0.01-16.40

4.15 (2.61)
0.14-18.36

0.593

3.95
(0.14)

4.23
(0.13)

0.172

Omega-3 Fatty
Acids g

1.78 (1.33)
0.20-16.00

1.79 (1.43)
0.22-12.58

1.77 (1.24)
0.20-16.00

0.901

1.80
(0.07)

1.76
(0.07)

0.720

% calories from
SFA

11.56 (3.54)
1.52-28.08

11.43 (3.54)
1.52-22.75

11.66 (3.54)
3.06-28.08

0.366

11.34
(0.20)

11.74
(0.18)

0.150

% calories from
MUFA

12.88 (3.60)
1.29-36.86

12.79 (3.45)
1.29-24.19

12.96 (3.72)
3.36-36.86

0.530

12.79
(0.20)

12.96
(0.18)

0.556

% calories from
PUFA

7.37 (2.66)
2.08-20.22

7.24 (2.62)
2.16-19.69

7.48 (2.69)
2.08-20.22

0.186

7.27
(0.15)

7.46
(0.14)

0.350

Polyunsaturated
to Saturated Fat
Ratio

0.75 (0.39)
0.13-3.95

0.76 (0.42)
0.15-3.95

0.75 (0.36)
0.13-2.66

0.928

0.77
(0.02)

0.74
(0.02)

0.453

*** <0.05
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Table 3-4. Daily Carbohydrate Intake
Adjusted for Education Level and
Parity
Adjusted mean (SE)

Unadjusted
mean (SD) range
Carbohydrates

Sexual
Minority
Women
(n=431)

P

97.82
(2.40)

102.30
(2.20)

0.189

0.728

61.21
(2.18)

66.83
(2.00)

0.070

19.85 (14.05)
1.93-121.26

0.089

17.67
(0.74)

20.35
(0.67)

0.010*

0.42 (0.54)
0-3.89

0.53 (0.94)
0-9.08

0.043*

0.43
(0.04)

0.53
(0.04)

0.093

20.89 (12.69)
1.38-116.64

20.11 (11.50)
2.54-112.35

21.56 (13.60)
1.38-116.64

0.101

19.49
(0.69)

22.09
(0.64)

0.009*

Lactose g

13.02 (9.84)
0.01-60.19

13.70 (10.26)
0.01-56.05

12.44 (9.44)
0.05-60.19

0.073

13.75
(0.54)

12.40
(0.50)

0.080

Maltose g

3.55 (2.83)
0.12-28.50

3.65 (3.17)
0.27-28.50

3.47 (2.51)
0.12-17.22

0.373

3.56
(0.16)

3.54
(0.14)

0.929

Sucrose g

43.18 (25.11)
.3.7-156.55

43.50 (24.95)
3.91-156.55

42.91 (25.27)
3.37-138.84

0.742

42.93
(1.39)

43.39
(1.27)

0.816

Starch g

95.10 (36.52)
6.91-250.97

93.75 (38.29)
8.72-236.05

96.25 (34.94)
6.91-251.97

0.336

93.28
(2.02)

96.65
(1.85)

0.240

Total Sample
(N=799)

Heterosexual
Women
(n=368)

Heterosexual
Women
(n=368)

Total Sugars g

100.23 (43.62)
13.84-310.35

99.62 (41.86)
20.12-310.35

100.76 (45.11)
13.84-283.27

0.713

Added Sugars g

64.25 (40.22)
2.27-279.58

63.71 (38.67)
2.27-279.58

64.70 (41.54)
5.09-260.00

Fructose g

19.11 (13.40)
0.92-133.69

18.24 (12.57)
0.92-133.69

Galactose g

0.48 (0.78)
0-9.08

Glucose g

*** <0.05
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Heterosexual Heterosexual
Women
Women
(n=368)
(n=368)

Table 3-5. Daily Fiber Intake
Adjusted for Education Level and
Parity
Adjusted mean (SE)

Unadjusted
mean (SD) range
Fiber

Sexual
Minority
Women
(n=431)

P

18.10
(0.40)

18.31
(0.37)

0.716

0.413

4.76
(0.10)

4.73
(0.10)

0.860

0.136

13.14
(0.32)

13.36
(0.29)

0.618

Total Sample
(N=799)

Heterosexual
Women
(n=368)

Heterosexual
Women
(n=368)

Total Dietary
Fiber g

18.21 (7.41)
19.3-50.22

17.81 (7.12)
2.26-49.32

18.56 (7.65)
1.93-50.22

0.150

Soluble Dietary
Fiber g

4.75 (1.92)
0.66-12.98

4.69 (1.89)
0.81-12.81

4.80 (1.94)
0.66-12.98

Insoluble
Dietary Fiber g

13.26 (5.83)
1.27-39.89

12.93 (5.53)
1.46-35.10

13.54 (6.07)
1.27-39.89

* <0.05
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Heterosexual Heterosexual
Women
Women
(n=368)
(n=368)

3.5

DISCUSSION

To our knowledge this is the first study to compare the dietary intakes of SMW and heterosexual
women at this level of macronutrient detail. The ESTHER project included a three-day food
diary permitting the assessment of the nutrient profile for all foods in the NDSR database [2527]. Macronutrient differences between sexual orientation groups were identified. SMW had
statistically significantly higher caloric intake and higher intake of fat. After adjusting for
education and parity the SMW still had higher caloric intake and higher intake of fat. SMW had
statistically significant higher intake of alcohol than the heterosexual women but after adjusting
for education and parity there were no differences by sexual orientation.
Existing research reports disparities in body mass index of women by sexual orientation but the
research into dietary intake by sexual orientation is limited [8-17]. Studies that have investigated
dietary discrepancies by sexual orientation in women have not had the advantage of a daily food
diary like the ESTHER project. Other researchers have relied on general reports of consumption
such as daily value of fruit and vegetable servings estimated by <2 servings; 2–3 servings; 4–5
servings; and ≥6 servings [10,15]. One study researching dietary differences by sexual
orientation did not include specific macronutrient groups, rather asked participants about intake
of red meat, if the percent of daily caloric intake contributed by fat was more than 30%, and if a
low fat diet or a vegetarian diet was held over the past year [17]. The ESTHER project was able
to collect and analyze very specific nutrient components.
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During this study, we identified dietary differences by sexual orientation that may help
understand BMI differences between these groups of women. The overall caloric intake was
higher in SMW than heterosexual women, even after adjusting for education and parity. The
women from the ESTHER project consumed an average of 1,862 kilocalories per day and the
SMW consumed about 82 more kilocalories per day than the heterosexual women for the
unadjusted sample (1,899.82 and 1,817.50 kilocalories per day respectively) and about 105 more
kilocalories per day than the heterosexual women after adjusting for education and parity
(1,910.38 and 1,805.14 kilocalories per day respectively). Estimating that 3,500 kcal represents
about a pound of body weight, over a year, the difference noted above equals about eight and a
half pounds for the sample and nearly 11 pounds after adjusting for education and parity. In the
US, adult women age ≥20 consume about 1,877 kilocalories per day, and among women age 40–
59, 1,828 kilocalories per day [29]. The consumption of fat grams per day was significantly
higher among SMW than heterosexual women in the ESTHER sample (p=0.026 and p=0.010,
unadjusted and adjusted, respectively). SMW consumed 4.73 more grams of fat per day than
heterosexual women for the unadjusted sample and 6.07gm for the adjusted estimate.
Consistent with other research, the ESTHER sample showed higher alcohol consumption among
SMW than heterosexual women [12,15,30-34]. The grams of alcohol and percent of calories
from alcohol were statistically higher among SMW than heterosexual women. However, after
adjusting for education and parity no group differences were identified. Adult women in the US
consume about 53 kilocalories per day from alcohol, whereas the ESTHER sample consumed
about 34 kilocalories per day from alcohol (27.6 kilocalories per day among heterosexual
women; 39.5 kilocalories per day among SMW for the unadjusted sample and 28.1 kilocalories
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per day among heterosexual women; 39.2 39.5 kilocalories per day among SMW for the adjusted
sample) [35,36].
The percent of calories from fat, carbohydrates, and protein was not statistically different by
sexual orientation in the ESTHER sample. After adjusting for education and parity, the SMW
had slightly lower contributions of their calories per day from protein than heterosexual women
(p=0.048). The ESTHER sample consumed about 34.5% calories from fat, 49.0% calories from
carbohydrates, and about 16.6% calories from protein. Adult women in the US consume a
slightly smaller percent of fat, a slightly higher percent from carbohydrates, and a slightly
smaller percent of protein (32.8%, 51.6%, and 15.1%, respectively) than the ESTHER sample
[29]. The ESTHER sample was within the recommended macronutrient proportions for adults,
as advised by dietary guidelines for Americans [37].
Simply defining a sexual orientation group is a challenge for researchers, as noted in The Health
of Lesbian, Gay, Bisexual, and Transgender People: building a Foundation for Better
Understanding [16] and makes it difficult to compare studies and generalize results beyond the
sample being studied. The ESTHER sample included women who identified as heterosexual or
SMW; the sample did not include women who reported primary relationships with both men and
women. Valanis and colleagues [15], which utilized a population-based study, has the advantage
of a large population in their analysis. Their research showed lower 3 month habits of fruit and
vegetable intake among SMW than heterosexual women. However, the way sexual orientation
was categorized makes it difficult to generalize the findings to specific sexual orientation groups.
The study combines bisexual women, adult lesbians, and lifetime lesbians into a single group to
compare with heterosexuals. The study included older women age 50–79, whereas the ESTHER
project included younger women (age 35-64).
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To evaluate energy imbalance, in addition to determining dietary intake, we estimated physical
activity. Our assessments of physical activity were broadly measured in two ways. One way was
the total hours per week of physical activity. The second was comparing hours per week of
moderate and vigorous physical activity to meeting government guidelines on moderate and
vigorous physical activity. There are certainly more specific measures of physical activity. The
ESTHER data have been extensively compared and no differences by sexual orientation have
been revealed [38].
The dietary data from the ESTHER project are limited by self-report, and by only three days of
dietary tracking. The daily report reduces recall bias, but reporting bias may still be possible and
the generalizability of a three-day record could be challenged. The Nutrition Data System for
Research (NDSR) software was the 2007 version, so all food formulas are tied to that version of
the software. While newer NDSR software exists, the food formulas may have changed, so it is
not appropriate to update or re-run the data with newer software. The BMI differences in the
ESTHER sample were statistically significant by sexual orientation, but the mean BMI for both
SMW and heterosexual women were within the Overweight category of BMI groupings.
Because of the cross-sectional design, the ESTHER study cannot point to any causal
relationships between dietary intake and BMI; these data are limited to observations of dietary
intake during a three-day period.
The aim of the ESTHER project was to study risk factors of cardiovascular disease among adult
women in Pittsburgh, PA. The SMW had a higher BMI than heterosexual women, and there
were no differences in physical activity by sexual orientation. While statistically significant
differences were identified between sexual orientation groups, the differences may not be
clinically meaningful. The total energy intake and grams of fat differences are 82.0 kilocalories
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and 4.7 grams, respectively for the unadjusted sample. This difference may not be meaningful to
clinicians treating women through primary care or weight management programs. The energy
intake and total fat is about equal to two Hershey Special Dark Mini bars (88 calories, 5.2 grams
of fat) or one mini Mounds bar (80 calories, 4.5 grams of fat) per day. Over time, the intake
variance would elicit BMI differences by sexual orientation.
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4.1

ABSTRACT

Background and Objective: Sexual minority women (SMW) have a higher body mass index
(BMI) than heterosexual women, and also differ in dietary intake. The aim of our study was to
test the hypothesis that caloric intake and macronutrient components partially mediate the
relationship between the sexual orientation of women and BMI.
Methods: Dietary intake data collected via a three-day food diary as part of the Epidemiologic
STudy of HEalth Risk in Women (ESTHER) Project (Pittsburgh, PA) were used for this
secondary data analysis. The sample included 431 SMW and 368 heterosexual women age 35 to
64 years. Dietary analysis was performed with the Nutrition Data System for Research (NDSR)
software version 2007. Mediation models were estimated using the PROCESS macro in SPSS
(Hayes mediation approach). Total caloric intake was tested as mediator; then macronutrients
(mean daily grams of each: fat, carbohydrates, protein, and alcohol) were tested as parallel
mediators. Models were tested without controlling for covariates and then again controlling for
covariates (age, education, smoking status, and physical activity).
Results: Sexual orientation was associated with BMI both directly and indirectly through total
caloric intake, without covariates and with covariates held constant. In the parallel mediating
model without covariates and with covariates held constant, only fat intake showed partial
mediation between the sexual orientation of women and BMI; sexual orientation was statistically
related to BMI.
Conclusion: This is the first study to use three-day food diary data to explore the relationship
between the sexual orientation of women and BMI and potential dietary mediators. Results
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indicated that total caloric intake and dietary components (fat intake) statistically mediate the
association between the sexual orientation of women and BMI.

4.2

INTRODUCTION

Obesity rates are higher among sexual minority women (SMW) than heterosexual women [1-9].
This is important because obesity is a significant risk factor for cardiovascular disease (CVD),
the leading cause of death among women, and obesity is preventable. [10]. The Institute of
Medicine’s (IOM’s) first report on the health of lesbian, gay, bisexual, and transgender people
specifically highlights the issue of increased obesity among SMW. Theories citing reasons why
obesity is associated with SMW include obesity is associated with minority stress exposure;
SMW have less body dissatisfaction than heterosexual women; differences in exercise patterns
between SMW and heterosexual women; and childhood sexual abuse (CSA), a risk factor for
multiple deleterious health outcomes, is more prevalent among SMW [11].
There is a higher prevalence of mental health disorders among sexual orientation minorities than
heterosexuals [12]. The minority stress theory model hypothesizes that the hostile and stressful
environment created by stigma, prejudice, and discrimination against SMW, causes mental
health issues, and this may explain the greater prevalence of mental health disorders among
sexual orientation minorities [12]. The impact of the environment, as outlined in the minority
stress theory model, could also yield a greater risk for obesity. Research has shown poorer
mental and physical health, higher rates of smoking, higher alcohol consumption, and higher
rates of substance abuse in SMW than heterosexual women [5,8,13-25]. The link between the
minority stress theory and obesity has been hypothesized but not fully researched.
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A positive body image of one’s self, and the preference for their partner’s body type to be larger,
has been suggested as a theory as to why SMW have higher rates of obesity than heterosexual
women [11]. Research studies have used a number of approaches to investigate the association
of obesity with body image, esteem, appearance, and preference for partner’s body type with
inconsistent findings.
Body image satisfaction has been studied among SMW, and research supports SMW having
higher body esteem, than heterosexual women [26-30]. Alternatively, Aaron and colleagues
(2005) found that overweight SMW are not satisfied with their body shape or size. For example,
65% of the sample (n=144 SMW) was dissatisfied with their body shape, 62% were dissatisfied
with their weight, and 72% reported behavior modifications to reduce their weight over the past
year [31]. Some research supports the belief that SMW have less concern for their physical
appearance and have a significantly higher ideal weight for themselves than heterosexual women
[29,32]. When viewing images of women to assess attractive body types, SMW preferred heavyfigured images and showed preferences for significantly higher body mass index (BMI) images
than heterosexual women [33,34]. Heffernan [35] suggests SMW conceptualize physical
attractiveness related to physical condition in terms of functional quality rather than “looks”.
However, some researchers found no significant differences between SMW and heterosexual
women in weight and views on appearance [36,37]. Conformity to cultural expectations of ideal
body image has yielded mixed results during research with SMW; for example, some research
shows SMW conform to society’s ideal thinness, while other research suggests SMW do not
adhere to societal standards of appearance [4,36,38]. It has also been suggested that SMW
internalize cultural standards, while some research suggests that SMW have lower levels of
internalization than heterosexual women. Others have concluded that SMW do internalize body
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expectations, but keep silent for fear of judgment within their community for adhering to cultural
standards [26,39].
Exercise pattern differences between SMW and heterosexual women have been highlighted as a
reason that SMW have greater rates of obesity [11] although there is a dearth of evidence to
support this theory. Research comparing SMW and heterosexual women show an insufficient
level of physical activity in both groups of women [1,8,13]. Some research suggests that SMW,
as compared with heterosexual women, participate in more frequent strenuous physical activity
and are more likely to participate in physical activity at least weekly [5,40]. The idea that SMW
have higher BMI because of higher physical fitness (e.g., muscle mass) is not supported in the
literature [41].
The final theory associating sexual orientation and obesity from the IOM report is a history of
CSA [11]. Two studies involving SMW have reported an association. Aaron and Hughes [42]
interviewed a large sample of SMW (n=416) and found statistically significant differences
between subgroups. Specifically, mean BMI was statistically significantly higher among women
who reported CSA than those who did not. CSA was statistically significantly related to BMI;
after adjusting for sociodemographic variables, women reporting CSA were more likely to be
obese or severely obese. Smith and colleagues [43] identified female sexual orientation and
intrafamilial CSA as independent predictors of obesity.
Energy imbalance is at the crux of obesity yet the IOM report does not discuss energy intake.
There is limited research into the dietary differences among women by sexual orientation. Using
the Food Frequency Questionnaire, one study found SMW had lower intake of fruits and
vegetables than heterosexual women, and two studies did not find significant differences in
dietary intake [3,8,40]. A study of mean dietary intake using three-day food diary data compared
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dietary composition between SMW and heterosexual women. SMW had significantly higher
caloric intake, fat grams, alcohol grams, total monounsaturated fatty acid grams, total
polyunsaturated fatty acid grams, and vegetable protein than heterosexual women [9].
As noted above, research involving SMW and weight has consistently found that SMW
have higher rates of obesity than heterosexual women [1-9]. Nevertheless, there is a dearth of
research examining energy intake and physical activity as causes of differences in BMI. Factors
influencing the relationship between the sexual orientation of women and BMI should be
investigated. Boehmer and Bowen [3] explored energy intake and energy expenditure as
mediators of the relationship between the sexual orientation of women and BMI. These
investigators used data from the California Women’s Health Study (2001-2005) on energy intake
from average daily servings of fruits/vegetables and weight loss attempts (yes/no) in the previous
year. The mediation modeling followed the Baron and Kenny [44] approach. A direct
association between the sexual orientation of women and BMI was found, but no indirect effects
were supported; energy intake and energy expenditure were not found to statistically mediate the
relationship between the sexual orientation of women and BMI. We suggest that an alternative
analytic approach to mediation may yield different indirect pathway results, and that more
specific variables for dietary intake would further the research. Understanding more about the
potential mediators between the sexual orientation of women and BMI could enhance public
health efforts to reduce and prevent obesity among SMW. This study aims to test the hypothesis
that caloric intake and macronutrient components mediate the relationship between the sexual
orientation of women and BMI.
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4.3

4.3.1

METHODS

Study Design and Sample

The study design and sample has been published previously [9]. In brief, data were from the
Epidemiologic STudy of HEalth Risk in Women (ESTHER) Project conducted in Pittsburgh,
PA, from 2003-2006 [9,43,45,46]. The aim of the cross-sectional ESTHER project was to study
risk factors for cardiovascular disease among adult women in the Pittsburgh, PA, area.
Participants who identified as SMW or heterosexual women, were age ≥35, were not pregnant,
and had no previous history of heart disease (angina, heart attack, or stroke) were eligible for the
study. The convenience sample was recruited via newspaper and radio advertisements,
community health events, LGBT events/socials, and the University of Pittsburgh broadcast
phone-message system.
Data were collected during two clinic visits where ESTHER participants completed study
questionnaires; a physical activity and medical history interview; a fasting venipuncture; a dualenergy X-ray absorptiometry (DXA) scan of hip, spine, and whole body; and three-day food
diaries. The women completed about five sets of questionnaires with an excess of 250 questions
and included questions about behavioral, psychosocial, sociodemographic, health history, and
clinical questions. Among the questions, women were asked if they had ever been diagnosed
with depression or anxiety.
The University of Pittsburgh’s Institutional Review Board (IRB) reviewed and approved the
study. Informed consent was documented via written authorization. For their time and
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participation, the women were reimbursed $50. Funding for the ESTHER Project was provided
by the National Heart, Lung, and Blood Institute, R01HL067052.
The ESTHER study sample was reduced to 799 (heterosexual n=368; SMW n=431) for this
analysis. The reduction in the sample size was based on missing key variables: age, height,
weight, or three-day food diary data. Participants who were underweight or had caloric outliers
(less than 500 and greater than 4,500 kilocalories per day) were excluded [47,48]. The data were
highly skewed, with greater numbers of older heterosexual women compared with older SMW;
therefore, only heterosexuals age less than 65 years were included. Also, heterosexual AfricanAmerican women were randomly selected to stay in the sample, as there was a disproportionate
low prevalence of African-American SMW.

4.3.2

Dependent Variable

The dependent variable in the mediation model was continuous BMI. As described in previous
research [9], BMI (kg/m2) was assessed in kg using a calibrated balance beam scale.
Researchers measured standing height in feet and inches using a wall-mounted Harpendon
stadiometer, then converted to meters for BMI calculation.

4.3.3

Independent Variable

Sexual orientation was included as the independent variable in the mediation models
(heterosexual women coded 0; SMW coded as 1). Participants identifying as heterosexual or
straight and only having male sexual partners since the age of 18 years were grouped as
heterosexual women. SMW were women who identified as lesbian or bisexual and having
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emotional, physical, and romantic attractions within the past five years toward only or primarily
women, or whose relationships within the past five years had been with only or primarily women
[45].

4.3.4

Covariates

Covariates were selected based on common risk factors for obesity, that is, age, education
representing socioeconomic stats, smoking status, and physical activity (meeting government
guidelines for moderate and vigorous physical activity). Smoking status was included because
smoking has been associated with both lower BMI (appetite reduction) and increase BMI (heavy
smoking), as well as having impacts on the metabolic syndrome [49].
Race was not included as a covariate because the analysis sample was already adjusted due to the
disproportionately low prevalence of African-American SMW. Age in years was treated as a
continuous variable. Highest level of education achieved, and smoking status were categorized
as shown in Table 4-1. Meeting national guidelines for moderate and vigorous physical activity
was a dichotomous variable (yes/no). Women were coded as meeting the guideline if they selfreported weekly participation in at least 150 minutes of moderate-intensity or 75 minutes of
vigorous-intensity aerobic physical activity. Combinations of moderate and vigorous physical
activity were combined using the guidelines’ recommendation of 1 minute of vigorous activity is
equal to 2 minutes of moderate physical activity. Previous research among SMW used the same
approach to combine moderate and vigorous physical activity, and assess if government
guidelines were met [50,51].
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4.3.5

Mediators

The mediation models were evaluated (Figure 4-1) both without covariates included and then
with covariates included. Total caloric intake was assessed as a mediator, then a parallel
mediation model was tested using individual macronutrients (mean daily grams of fat,
carbohydrates, protein, and alcohol) simultaneously as mediators. The parallel mediation model
estimate did not include total calories because of redundancy with the individual macronutrient
components. The dietary intake data were collected and analyzed using Nutrition Data System
for Research (NDSR) software version 2007, developed by the Nutrition Coordinating Center
(NCC), University of Minnesota, Minneapolis, MN. The participants recorded their food intake
for a total of three days—two weekdays and one weekend day. The NDSR provides a complete
nutrient profile for all foods in the database [52-54]. The mean of the three days was calculated
for each macronutrient for each participant.

Figure 4-1. Estimated Mediation Models
SO=sexual orientation; BMI= body mass index (kg/m2)
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4.3.6

Analytic Approach

The Hayes mediation modeling approach was followed and the PROCESS macro (versions
2.12.1 and 2.15), an ordinary lease squares path analysis, was utilized [55]. All statistical
analyses were performed using SPSS (IBM SPSS Statistics versions 20 and 23). The mediation
models aimed to assess the extent to which the mediation variables accounted for the relationship
between the sexual orientation of women and BMI. It should be noted that this mediation
approach does not require a causal steps approach (e.g. Baron and Kenny [44]), rather the
independent variable, potential mediator(s), dependent variable, and covariates are all entered
into the model at once. The stepwise approach to mediation modeling requires an association
between the predictor and outcome variables but researchers have argued that this is not
necessary [55,56]. The traditional approaches to mediation modeling also use the normal theory
test for indirect effects (e.g. Sobel test) which can be sensitive to sampling distribution and has
low power and generates confidence intervals that are arguably less accurate than other
approaches [56]. Software packages have computing power to randomly select and statically
‘resample’ the data any number of times (we used 10,000 times) to produce a confidence interval
for the indirect effects. More information about the differences in the causal steps approach and
Hayes mediation can be found in, “Beyond Baron and Kenny: statistical mediation analysis in
the new millennium” [57].
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4.4

4.4.1

RESULTS

Participant Characteristics

Participant characteristics are presented in Table 4-1. Just over half the sample identified as
being a SMW (53.9%). The sample was primarily Caucasian (92.6%) and not Hispanic (99.4%),
highly educated (65.9% completing a bachelor’s degree or higher), and having a mean household
income of at least $60,000 (46.0%). Only 35.3% of the total sample was within the normal range
for BMI.
When comparing SMW to heterosexual women, there were statistically significant mean group
differences. Heterosexual women had a higher rate of parity than SMW (69.0% vs. 26.5%,
p<0.001). SMW had a significantly higher mean BMI (29.62 kg/m2 vs. 28.13 kg/m2, p=0.003)
and education level (p=0.007) than heterosexual women. SMW had higher mean daily caloric
intake, fat intake, and alcohol intake then heterosexual women (all p<0.05). The SMW had
significantly higher rates of depression history (p<0.001) but only borderline significantly higher
rates of anxiety history (p=0.056) as compared with the heterosexual women. Smoking status
and number of alcoholic drinks per month were significantly different between the sexual
orientation groups.
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Table 4-1. Participant Characteristics
Total
Sample
(N=799)

Heterosexual
Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

Value
P

47.59 (7.33)

47.73 (7.64)

47.47 (7.05)

0.613

35-64

35-64

35-64

35-39

115 (14.4%)

57 (15.5%)

58 (13.5%)

40-44

184 (23.0%)

83 (22.6%)

101 (23.4%)

45-49

197 (24.7%)

85 (23.1%)

112 (26.0%)

50-54

142 (17.8%)

59 (16.0%)

83 (19.3%)

55-64

161 (20.2%)

84 (22.8%)

77 (17.9%)

Nulliparous

431 (53.9%)

114 (31.0%)

317 (73.5%)

Parous

368 (46.1%)

254 (69.0%)

114 (26.5%)

740 (92.6%)

339 (92.1%)

401 (93.0%)

59 (7.4%)

29 (7.9%)

30 (7.0%)

794 (99.4%)

366 (99.5%)

428 (99.3%)

5 (0.6%)

2 (0.5%)

3 (0.7%)

Mean (SD)

28.93 (7.23)

28.13 (6.44)

29.62 (7.78)

Range

18.55-70.09

18.61-55.54

18.55-70.09

Normal

282 (35.3%)

138 (37.5%)

144 (33.4%)

Overweight

233 (29.2%)

122 (33.2%)

111 (25.8%)

Obese-Class I

141 (17.6%)

53 (14.4%)

88 (20.4%)

Obese-Class II

80 (10.0%)

34 (9.2%)

46 (10.7%)

Obese-Class III

63 (7.9%)

21 (5.7%)

42 (9.7%)

Total Physical Activity,
Hours per Week

9.3 (11.9)
(0-67.17)

8.66 (11.39)
(0-58.1)

9.9 (12.3)
(0-67.2)

Variable

Age, Years
Mean (SD)
Range
Age Categories

0.298

Parity
<0.001

Race
Caucasian
African-American

0.621

Ethnicity
Not Hispanic or Latino
Hispanic or Latino

0.720

BMI kg/m2
0.003

BMI Categories¥
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0.010

0.139

Table 4.-1. Continued

Variable

Total
Sample
(N=799)

Heterosexual
Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

Value
P

Government Guidelines for
Mod/Vig PA, Yes n, %

604, 75.6%

280, 76.1%

324, 75.2%

0.765

< 12 years

4 (0.5%)

2 (0.5%)

2 (0.5%)

High School or GED

79 (9.9%)

51 (13.9%)

28 (6.5%)

Some College

190 (23.8%)

88 (23.9%)

102 (23.7%)

Bachelors

202 (25.3%)

94 (25.5%)

108 (25.1%)

Graduate+

324 (40.6%)

133 (36.1%)

191 (44.3%)

Less than $15,000

60 (7.5%)

30 (8.2%)

30 (7.0%)

$15,000-$24,999

49 (6.1%)

25 (6.8%)

24 (5.6%)

$25,000-$39,999

134 (16.8%)

65 (17.7%)

69 (16.0%)

$40,000-$59,999

174 (21.8%)

79 (21.5%)

95 (22.0%)

$60,000-$74,999

102 (12.8%)

36 (9.8%)

66 (15.3%)

$75,000 or more

265 (33.2%)

121 (32.9%)

144 (33.4%)

15 (1.9%)

12 (3.3%)

3 (0.7%)

Yes

734 (91.9%)

338 (91.8%)

396 (91.9%)

No

63 (7.9%)

29 (7.9%)

34 (7.9%)

Missing

2 (0.3%)

1 (0.3%)

1 (0.2%)

Menopause Not
Suspected

638 (79.8%)

284 (77.2%)

354 (82.1%)

Menopause

161 (20.2%)

84 (22.8%)

77 (17.9%)

Self-report History of
Depression

316 (39.5%)

121 (32.9%)

195 (45.2%)

3 (0.4%)

2 (0.5%)

1 (0.2%)

204 (25.5%)

82 (22.3%)

122 (28.3%)

4 (0.5%)

3 (0.8%)

1 (0.2%)

415 (51.9%)

221 (60.1%)

194 (45.0%)

Education

0.007

Household Income

Missing

0.319

Medical Insurance
0.248

Menopause Status*

Missing
Self-report History of
Anxiety
Missing
Smoking Status
Never
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0.081

<0.001

0.056

<0.001

Table 4-1. Continued

Total
Sample
(N=799)

Heterosexual
Women
(n=368)
n (%)

Sexual Minority
Women
(n=431)
n (%)

Former

296 (37.0%)

120 (32.6%)

176 (40.8%)

Current

88 (11.0%)

27 (7.3%)

61 (14.2%)

1,861.91
(513.68)
529.753,667.35

1,817.50 (507.87)
529.75-3,463.08

1,899.82 (516.16)
699.94-3,667.35

0.024***

Fat Intake Per Day, g

73.43
(29.95)
11.54-191.68

70.88 (28.94)
11.54-191.68

75.61 (30.65)
16.33-186.10

0.026

Carbohydrate Intake Per
Day, g

225.52
(70.45)
54.38-492.01

222.54 (70.55)
56.67-477.68

228.07 (70.35)
54.38-492.01

0.269

Protein Intake Per Day, g

75.02
(22.61)
13.92-174.88

73.88 (22.78)
17.3-174.88

75.99 (22.44)
13.92-156.56

0.188

Alcohol Intake Per Day, g

5.16 (10.57)
0-89.73

4.26 (9.07)
0-64.92

5.93 (11.66)
0-89.73

0.023

8.2 (16.1)

6.9 (13.0)

9.3 (18.3)

0-216.7

0-91

0-216.7

23 (2.9%)

14 (3.8%)

9 (2.1%)

Variable

Calories Per Day, kcals

Value
P

Number of Alcoholic
Drinks per Month
Mean (SD)
Range
Missing

0.034

¥

Normal weight (BMI = 18.5-24.9); overweight (BMI = 25.0-29.9); obese-class I (BMI = 30.00-34.99); obese-class II
(BMI = 35.00-39.99); obese-class III (BMI ≥40.00).
* Based on age alone (55 years).

4.4.2

Mediation

4.4.2.1 Covariates in the Models
Both modeling approaches, total caloric intake and then the parallel mediation model, yield the
same result in terms of how much of the relationship between the sexual orientation of women
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and BMI are explained (R2 value). Both modeling approach assess dietary intake and the second
approach, the parallel mediation model, simply has the information by macronutrient group.
When the models were tested without holding covariates constant, 1.05% of the relationship
between the sexual orientation of women and BMI was explained by the potential mediators
(total caloric intake and then intake of fat, carbohydrates, protein, and alcohol in parallel). When
the models were tested with covariates held constant (age, smoking status, education level, and
physical activity) 8.8% of the relationship between the sexual orientation of women and BMI
was explained by the potential mediators (total caloric intake and then intake of fat,
carbohydrates, protein, and alcohol in parallel).

4.4.2.2 Approach 1: Total Caloric Intake (mean Kcals)
From the mediation analysis with four covariates (age, education level, smoking status, and
meeting government guidelines for moderate to vigorous physical activity) we found sexual
orientation indirectly influences BMI through the association with total caloric intake. As can be
seen in Figure 4-2 and Figure 4-3 and Table 4-2, SMW had higher caloric intake than
heterosexual women (a=82.321 when covariates were not included and a= 86.336 when they
were included), and that two women with the same sexual orientation but that differ by total
caloric intake will differ by BMI (b=0.002) regardless of covariates in the model. The indirect
effect of sexual orientation on BMI through total caloric intake is not zero by a 95% biascorrected bootstrap confidence interval based on 10,000 bootstrap samples (without covariates in
the model: 0.0374 to 0.4317, with a point estimate of 0.0973; with covariates in the model:
0.0276 to 0.3996, with a point estimate of 0.0938). When covariates are not in the model we see
that sexual orientation’s indirect relationship on BMI through total caloric intake includes the
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path from sexual orientation to total caloric intake (a=82.321, p=0.0239) and the path from total
caloric intake to BMI controlling for sexual orientation (b=0.002, p<0.001).

When covariates

were included in the model we saw that sexual orientation’s indirect relationship on BMI through
total caloric intake includes the path from sexual orientation to total caloric intake (a=86.336,
p=0.0199) and the path from total caloric intake to BMI controlling for sexual orientation
(b=0.002, p<0.001).
There was also evidence of a direct relationship, that is, sexual orientation leads to higher BMI
independent of the effect of total caloric intake (c’=1.305, t(796)=2.910, p=0.004) in the absence
of covariates and also when covariates were included (c’=1.602, t(793)=3.206, p=0.001).
From the mediation model estimating total caloric intake, we show that caloric intake partially
mediates the relationship between which sexual orientation exerts an effect on BMI when
covariates were absent and when they were held constant.
When omitting covariates from the model, on average, SMW consume 82.321 more calories per
day than heterosexual women (inference a). Two people with the same sexual orientation but
differ by 1 calorie per day is estimated to differ by an increase of 0.002 BMI units (kg/m2;
inference b). SMW, compared to heterosexuals that have the same caloric intake, on average
will have a difference in BMI of 1.305 kg/m2 (direct effect tested Ho c’=0; Ha c’≠ 0). As a result
of sexual orientation’s influence on BMI through total caloric intake, SMW and heterosexual
women differ by 0.181 kg/m2 (indirect effects, ab pathway).
When covariates were included in the model, on average, SMW consume 86.336 more calories
per day than heterosexual women (inference a). Two people with the same sexual orientation but
differ by 1 calorie per day is estimated to differ by an increase of 0.002 BMI units (kg/m2;
inference b). SMW, compared to heterosexuals that have the same caloric intake, on average
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will have a difference in BMI of 1.602 kg/m2 (direct effect tested Ho c’=0; Ha c’≠ 0). As a result
of sexual orientation’s influence on BMI through total caloric intake, SMW and heterosexual
women differ by 0.174 kg/m2 (indirect effects, ab pathway).

Figure 4-2. Simple Mediation Model for Total Caloric Intake, No Covariates Included
SO=sexual orientation; BMI= body mass index (kg/m2)

Figure 4-3. Simple Mediation Model for Total Caloric Intake, Covariates Included
SO=sexual orientation; BMI= body mass index (kg/m2)
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Table 4-2. Model Coefficients for Total Caloric Intake
Path

Regression
Standard
Error1
Coefficient
No Covariates Included
82.321
36.365

P Value

95% Confidence
Interval

Sexual Orientation to Total
0.024
10.938 to 153.703
Caloric Intake (a)
Total Caloric Intake to BMI (b)
0.002
0.001
<0.001
0.001 to 0.003
Indirect Path from Sexual
0.181
0.097
n/a2
0.037 to 0.0432
Orientation through Total Caloric
Intake to BMI (ab)
Direct Path from Sexual
1.305
0.506
0.010
0.311 to 2.298
Orientation to BMI (c’)
Covariates Included (age, education level, smoking status, physical activity)
Sexual Orientation to Total
86.336
37.000
<0.001
2,040.642 to
Caloric Intake (a)
2,600.816
Total Caloric Intake to BMI (b)
0.002
0.001
<0.001
0.001 to 0.003
Indirect Path from Sexual
0.174
0.094
n/a2
0.028 to 0.400
Orientation through Total Caloric
Intake to BMI (ab)
Direct Path from Sexual
1.602
0.500
0.001
0.621 to 2.583
Orientation to BMI (c’)
1

Standard errors for the regression coefficients are presented and for the indirect paths the standard error presented is the
bootstrapping standard error
2
when using bias-corrected bootstrapping you only look to the confidence interval to note significance; when zero is not
crossed in the interval the indirect path is significant

4.4.2.3 Approach 2: Parallel Mediators, Fat, Carbohydrates, Protein, Alcohol
From the mediation analysis with four covariates (age, education level, smoking status, and
meeting government guidelines for moderate to vigorous physical activity) we found sexual
orientation indirectly influences BMI through the association with fat intake and not through the
intake of carbohydrates, protein, or alcohol. This was found when covariates were not included
and when they were included in the model. As can be seen in Figures 4-4 and 4-5 and Table 4-3,
SMW had higher intake of fat, carbohydrate, protein, and alcohol than heterosexual women
(respectively, a1 =4.73g; a2=5.53g; a3=2.11g; a4=1.67g when covariates were not included and a1
=4.68g; a2=7.59g; a3=2.12g; a4=1.11g when covariates were included); BMI varied by sexual
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orientation and by macronutrient (b1-4 in Figures 4-4 and 4-5). The indirect effect of sexual
orientation on BMI through the potential mediators is significant when the bias-corrected
bootstrap confidence interval does not include zero. The only macronutrient found to partially
mediate sexual orientation on BMI was through fat intake (indirect effect confidence interval
0.046 to 0.505 with a point estimate of 0.114 when covariates were not included and 0.026 to
0.413 with a point estimate of 0.095 when covariates were included). The mediation model
included four potential mediators being tested at the same time, each with an indirect path.
Sexual orientation’s indirect relationship on BMI through fat intake includes the path from
sexual orientation to fat intake (a1=4.729, p=0.026; a1=4.675, p=0.031 covariates not included
and included, respectively) and the path from fat intake to BMI controlling for sexual orientation
(b1=0.049, p<0.001; b1=0.037, p<0.001 covariates not included and included, respectively).
Sexual orientation’s indirect relationship on BMI through carbohydrate intake includes the path
from sexual orientation to carbohydrate intake (a2=5.533, p=0.269; a2=7.591, p=0.136 covariates
not included and included, respectively) and the path from carbohydrate intake to BMI
controlling for sexual orientation (b2=-0.001, p=0.857; b2=-0.002, p=0.690 covariates not
included and included, respectively). Sexual orientation’s indirect relationship on BMI through
protein intake includes the path from sexual orientation to protein intake (a3=2.114, p=0.188;
a3=2.124, p=0.195 covariates not included and included, respectively) and the path from protein
intake to BMI controlling for sexual orientation (b3=-0.004, p=0.769; b3=0.010, p=0.446
covariates not included and included, respectively). Sexual orientation’s indirect relationship on
BMI through alcohol intake includes the path from sexual orientation to alcohol intake
(a4=1.672, p=0.026; a4=1.106, p=0.146) and the path from alcohol intake to BMI controlling for
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sexual orientation (b4=-0.033, p=0.170; b4=-0.017, p=0.446 covariates not included and included,
respectively).
There was evidence of a direct relationship of sexual orientation leading to higher BMI
independent of the relationships with the macronutrient groups when covariates were not
included (c’=1.323, t(793)=2.619, p=0.009) and when they were included (c’=1.610,
t(789)=3.228, p=0.001).
From the mediation model estimating components of dietary intake, we show that fat intake
partially mediates the relationship between the sexual orientation of women and BMI without
and with covariates in the model. From the model without covariates we found SMW consume
4.729 more grams of fat per day than heterosexual women (inference a). From the model with
covariates held constant we found SMW consume 4.675 more grams of fat per day than
heterosexual women (inference a). Two people with the same sexual orientation but differ by 1
grams of fat per day are estimated to differ by an increase of 0.049 BMI units (kg/m2; inference
b) when covariates are not in the model and by 0.037 BMI units (kg/m2; inference b) when
covariates are in the model. SMW, compared to heterosexuals that have the same dietary intake,
on average will have a difference in BMI of 1.323 kg/m2 when covariates are not in the model
(direct effect tested Ho c’=0; Ha c’≠ 0). SMW, compared to heterosexuals that have the same
dietary intake, on average will have a difference in BMI of 1.610 kg/m2 when covariates are in
the model (direct effect tested Ho c’=0; Ha c’≠ 0). As a result of sexual orientation’s influence
on BMI through fat intake, SMW and heterosexual women differ by 0.231 kg/m2 when
covariates are not in the model (indirect effects, ab pathway). As a result of sexual orientation’s
influence on BMI through fat intake, SMW and heterosexual women differ by 0.175 kg/m2 when
covariates are in the model (indirect effects, ab pathway).
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Figure 4-4. Parallel Mediation Model for Grams of Fat, Carbohydrate, Protein, and
Alcohol, No Covariates Included
Where 1-4 are grams from fat, carbohydrate, protein, and alcohol, respectively. SO=sexual orientation;
BMI= body mass index (kg/m2)

Figure 4-5. Parallel Mediation Model for Grams of Fat, Carbohydrate, Protein, and
Alcohol, Covariates Included
Where 1-4 are grams from fat, carbohydrate, protein, and alcohol, respectively. SO=sexual orientation;
BMI= body mass index (kg/m2)
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Table 4-3. Regression Coefficients, Standard Errors, and Model Summary Information for Multiple Mediators
Potential Mediator and Path

Fat (g)
Sexual Orientation to Fat
Contribution (a1)
Fat Contribution to BMI (b1)
Indirect Path from Sexual
Orientation through Fat
Contribution to BMI (ab1)
Carbohydrates (g)
Sexual Orientation to
Carbohydrate Contribution (a2)
Carbohydrate Contribution to
BMI (b2)
Indirect Path from Sexual
Orientation through Carbohydrate
Contribution to BMI (ab2)
Protein (g)
Sexual Orientation to Protein
Contribution (a3)
Protein Contribution to BMI (b3)
Indirect Path from Sexual
Orientation through Protein
Contribution to BMI (ab3)
Alcohol (g)
Sexual Orientation to Alcohol
Contribution (a4)
Alcohol Contribution to BMI (b4)

Regression
Standard
Coefficient
Error1
No Covariates Included

P Value

95% Confidence
Interval

4.729

2.121

0.026

0.567 to 8.891

0.049
0.231

0.011
0.114

<0.001
n/a2

0.028 to 0.070
0.046 to 0.505

5.533

5.000

0.269

-4.281 to 15.348

-0.001

0.004

0.857

-0.008 to 0.007

-0.004

0.029

n/a2

-0.087 to 0.039

2.114

1.604

0.188

-1.035 to 5.262

-0.004
-0.009

0.014
0.075

0.769
n/a2

-0.031 to 0.023
-0.131 to 0.048

1.672

0.749

0.026

0.203 to 3.142

-0.033

0.024

0.170

-0.080 to 0.014
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Table 4-3. Continued

Indirect Path from Sexual
-0.055
0.075
n/a2
-0.211 to 0.096
Orientation through Alcohol
Contribution to BMI (ab4)
1.323
0.505
0.009
0.331 to 2.314
Direct Path from Sexual
Orientation to BMI (c’)
Covariates Included (age, education level, smoking status, physical activity)
Fat (g)
Sexual Orientation to Fat
4.675
2.160
0.031
0.435 to 8.916
Contribution (a1)
Fat Contribution to BMI (b1)
0.037
0.011
<0.001
0.017 to 0.058
2
Indirect Path from Sexual
0.175
0.095
n/a
0.026 to 0.413
Orientation through Fat
Contribution to BMI (ab1)
Carbohydrates (g)
Sexual Orientation to
7.591
5.083
0.136
-2.387 to 17.569
Carbohydrate Contribution (a2)
Carbohydrate Contribution to
-0.002
0.004
0.690
-0.009 to 0.006
BMI (b2)
Indirect Path from Sexual
-0.012
0.035
n/a2
-0.0116 to 0.039
Orientation through Carbohydrate
Contribution to BMI (ab2)
Protein (g)
Sexual Orientation to Protein
2.124
1.637
0.195
-1.090 to 5.337
Contribution (a3)
Protein Contribution to BMI (b3)
0.010
0.014
0.446
-0.016 to 0.037
Indirect Path from Sexual
0.022
0.043
n/a2
-0.025 to 0.177
Orientation through Protein
Contribution to BMI (ab3)
Alcohol (g)
Sexual Orientation to Alcohol
1.106
0.761
0.146
-0.387 to 2.600
Contribution (a4)
Alcohol Contribution to BMI (b4)
-0.017
0.023
0.446
-0.063 to 0.029
2
Indirect Path from Sexual
-0.019
0.055
n/a
-0.147 to 0.084
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Table 4-3. Continued

Orientation through Alcohol
Contribution to BMI (ab4)
Direct Path from Sexual
Orientation to BMI (c’)

1.610

0.499

1

0.001

0.631 to 2.588

Standard errors for the regression coefficients are presented and for the indirect paths the standard error presented is the bootstrapping
standard error
2
when using bias-corrected bootstrapping you only look to the confidence interval to note significance; when zero is not crossed in the interval
the indirect path is significant
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4.5

DISCUSSION

The findings of a direct effect of sexual orientation on BMI and an indirect effect through total
caloric intake are novel. Boehmer and Bowen [3] explored a mediation model that looked at
dietary components as a mediator between the sexual orientation of women and BMI, which did
not support the indirect effects of the dietary components as a mediator. There are several
differences in Boehmer and Bowen’s approach and our own. First, rather than using average
daily servings of fruits/vegetables, our model utilized three-day food diary data that provided
more specific information about dietary intake. Our model controlled for energy expenditure
which allowed us to show that above and beyond any differences in physical activity between
SMW and heterosexual women, total caloric intake and grams of fat were partial mediators of
the relationship between the sexual orientation of women and BMI. Previous research did not
find that energy expenditure mediates the relationship between the sexual orientation of women
and BMI [3].
Boehmer and Bowen [3] used the Baron and Kenny [44] causal steps approach, whereas we used
the Hayes approach [56,57]. The causal steps approach is considered one of the least powerful
mediation tests [56], which is why we chose Hayes. Another mediation approach we considered
was the product of coefficients approach; i.e., the Sobel test [58,59], which requires the
assumption of normal distribution of the indirect effect sample. By using bootstrap CIs, we were
able to repeatedly (e.g., 10,000 times) resample the distribution of the indirect effect through the
software. This resulted in a percentile-based CIs, which in turn produced a bias-corrected CI
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[56]. One limitation of bootstrapping is the sensitivity to distorted analysis if the sample is small
or has large outliers, which did not occur in our sample.
Our research study has limitations. The dietary intake information from the ESTHER project is
self-reported and collected over only three days. Generalizing a three-day food diary is a
challenge, but reporting bias is reduced. The NDSR software was the 2007 version, so all food
formulas are tied to that version of the software. While newer NDSR software exists, the food
formulas may have changed, so it is not appropriate to update or re-run the data with newer
software.
We included a broad measure of physical activity in the models to account for differences in
energy expenditure. The ESTHER data did not show significant differences between sexual
orientation groups by hours per week of physical activity, or by hours per week of moderate and
vigorous physical activity. Group differences by sexual orientation have been investigated using
the ESTHER data and no group differences were found for time spent for leisure physical
activities (e.g. sports, outdoor activities, etc) or occupational physical activities were found [60].
Our research supports sexual orientation as a risk factor for obesity, but also supports caloric
intake and dietary intake of fat as mediators of the relationship. In regards to the theories on why
SMW have an association with obesity, our research did not include information about body
image or CSA. Our research accounted for physical activity in the model, so the dietary
mediating relationship exists despite any differences in measured physical activity. The impact
of living in a minority environment, as outlined in the minority stress theory model, could yield
associations with obesity. Our research demonstrates something beyond simply sexual
orientation associated with higher BMI. Our research also shows that dietary intake plays a role
in that relationship. As such, living in an environment of stigma, prejudice, and discrimination
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itself are known stressors and eating behavior has been linked to stress [61,62] and thus could
have an association with higher BMI. Other factors not included in our model could also be
explored. Longitudinal research is needed to assess the causal relationship between factors in the
minority stress model and obesity.
Broadly, the literature reports that SMW have a higher BMI than heterosexual women. There is
evidence that statistically significant dietary differences are present between the sexual
orientation groups in this sample [9]. The relationship between the sexual orientation of women
and BMI is partially mediated by total caloric intake and mean grams of fat per day, as reported
in this research paper. Generally, the literature reports that SMW have a higher alcohol intake
than heterosexual women, and the same was true of this sample [9]. However, alcohol intake
was not a significant mediator in the association of sexual orientation and BMI.
Obesity is a preventable risk factor for CVD, and SMW are at higher risk of being obese. Future
research should explore other reasons for obesity in this population, perhaps drawing from the
minority stress theory model and including mental health variables such as depression and
anxiety status. Understanding mediating factors on sexual orientation and BMI, such as risk for
depression or mental health outcomes, could better inform the relationship and suggest
appropriate interventions.
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5.1

ABSTRACT

Background and Objective: Sexual minority women (SMW) have higher rates of being
overweight and obese than heterosexual women. The minority stress theory model hypothesizes
that mental health disparities between sexual minorities and heterosexuals are from a stressful
environment created by stigma, prejudice, and discrimination. The aim of this research was to
explore the relationship between the sexual orientation in women and BMI, specifically
investigating the mediating effects of current depression when the sample was stratified by
lifetime history of depression.
Methods: This secondary data analysis utilized data from the Epidemiologic STudy of HEalth
Risk in Women (ESTHER) Project (Pittsburgh, PA). The sample included 424 SMW and 365
heterosexual women age 35 to 64 years. The data were stratified by lifetime history of
depression. Current depression, using a continuous Center for Epidemiologic Studies Depression
Scale Revised (CESD-R) score, was tested as a potential mediator. The predictor was sexual
orientation and the outcome continuous BMI; covariates were included in the model (age,
education level, smoking status, mean daily caloric intake from a three-day food diary, meeting
government guidelines for moderate to vigorous physical activity). The model was estimated
using the PROCESS macro in SPSS (Hayes mediation approach).
Results: We found SMW had significantly higher rates of lifetime history of depression
(p<0.001) and higher BMI (p=0.002) than heterosexual women. We did not find evidence that
current depression mediates the relationship between the sexual orientation in women and BMI.
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We found that women with no lifetime history of depression did not have a significant
association between the sexual orientation of women and BMI (p=0.225).
Conclusion: This research examined BMI disparities between SMW and heterosexual women.
Current depression was found not to play a role in the relationship. Evidence of a statically
significant association between the sexual orientation of women and BMI was only present with
women self-reported a lifetime history of depression.
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5.2

INTRODUCTION

Obesity (body mass index [BMI] ≥30 kg/m2) is a major public health concern. Obesity is a
leading health indicator, with greater body size associated with increases in all-cause mortality.
Obesity is associated with increased risk of hypertension, dyslipidemia, type 2 diabetes, coronary
heart disease, stroke, gallbladder disease, osteoarthritis, respiratory problems, and certain cancers
(including breast, endometrial, colon) [1]. A population at particularly high risk of obesity is
sexual minority women (SMW) as obesity rates are higher among SMW than heterosexual
women [2-10]. The Institute of Medicine’s first report on the health of lesbian, gay, bisexual,
and transgender people reported theories on why SMW may be more obese or overweight than
heterosexual women.

The theories include that obesity is associated with minority stress

exposure; SMW do not conform to society’s ideal thinness; differences in exercise patterns exist
between SMW and heterosexual women; and childhood sexual abuse (CSA), a risk factor for
multiple deleterious health outcomes, is more prevalent among SMW [11].
The minority stress theory model is widely accepted and attempts to explain the disparities in
mental health between sexual minorities and heterosexuals. The minority stress theory model
hypothesizes that the stressful environment created by stigma, prejudice, and discrimination
against SMW, causes mental health issues, and this may explain the greater prevalence of mental
health disorders among sexual orientation minorities [12,13]. The existing literature supports
evidence that sexual minorities have higher rates of anxiety and depression compared with
heterosexuals [13-17].
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A meta-analysis of community-based studies found that in the general population there is a
significant association between depression and obesity but among women the association is
markedly higher than among men [18]. Major depression in women can lead to serious health
risks, including metabolic syndrome [19] and obesity is closely linked with metabolic syndrome
[20]. Exposure to stress can lead to increased eating behavior [21-23] which, if not balanced
with enhanced physical activity, can lead to overweight or obesity.
Compared to heterosexuals, SMW are considered to be at higher risk for obesity and for mental
health problems. Psychological distress, such as depression, can impact eating behaviors. Given
this dynamic, SMW are a particularly vulnerable group for long-term health impacts. The aim of
this research was to explore the relationship between the sexual orientation of women and BMI,
specifically investigating current depression as a mediator when a sample of women are stratified
by lifetime history of depression.

5.3

5.3.1

METHODS

Study Design and Sample

This secondary data analysis uses data from the Epidemiologic STudy of HEalth Risk in
Women (ESTHER) Project collected in Pittsburgh, PA. The ESTHER project was a crosssectional observational study that collected data from 2003-2006 with the aim of studying risk
factors for cardiovascular disease among adult women [10,24-26].
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Women who were age 35 years and older, were not pregnant, and had no previous history of
heart disease (angina, heart attack, or stroke) were eligible for the study. Sexual orientation was
documented at recruitment (defined below in the Independent Variable section). The recruitment
method involved convenience sampling and women were recruited via newspaper and radio
advertisements, community health events, LGBT events/socials, and the University of Pittsburgh
broadcast phone-message system.
All of the participants signed an informed consent form that was approved, along with the study
protocol, by The University of Pittsburgh’s Institutional Review Board (IRB). The women were
reimbursed $50. Funding for the ESTHER Project was provided by the National Heart, Lung,
and Blood Institute, R01HL067052.
The ESTHER study sample was reduced to 789 (heterosexual n=365; SMW n=424) for this
analysis. Participants who were underweight or had caloric outliers (less than 500 or greater than
4,500 kilocalories per day) were excluded [27,28]. The data were highly skewed with a greater
number of older heterosexual women compared with older SMW; therefore, only heterosexuals
age less than 65 years were included. Also, heterosexual African-American women were
randomly selected to stay in the sample, as there was a disproportionately low prevalence of
African-American SMW.
The sample size was further reduced by excluding individuals who were missing key variables:
BMI, self-report of past depression, current depression screening score (Center for
Epidemiologic Studies Depression Scale Revised, CESD-R), age, three-day food diary data, and
time spent per week on moderate and vigorous physical activity.
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5.3.2

Dependent Variable

Continuous BMI was the dependent variable in the mediation models. Body weight was
assessed in kilogram using a calibrated balance beam scale. Researchers measured standing
height in feet and inches using a wall-mounted Harpendon stadiometer, then converted to meters
for calculating BMI (kg/m2).

5.3.3

Independent Variable

Sexual orientation was included as the independent variable in the moderated mediation model
(heterosexual women coded 0; SMW coded as 1). Participants identifying as heterosexual or
straight and only having male sexual partners since the age of 18 years were grouped as
heterosexual women. SMW were women who identified as lesbian or bisexual and having
emotional, physical, and romantic attractions within the past five years toward only or primarily
women, or whose relationships within the past five years had been with only or primarily women
[25].

5.3.4

Covariates

The covariates included in the model were age, highest education level completed, smoking
status, energy intake, and energy expenditure.
Age was a continuous variable recorded in years. Highest education level completed and
smoking status were categorical as shown in Table 1. Smoking status was included because
smoking has been associated with both lower BMI (appetite reduction) and increase BMI (heavy
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smoking), as well as having impacts on the metabolic syndrome [34]. The variable for energy
intake was the mean daily caloric intake from the sample’s three-day food diary data. A
comparison of the dietary intake by sexual orientation and methods describing the data collection
and analysis is presented elsewhere [10]. Briefly, women recorded their food intake for three
days: two weekdays and one weekend day. Dietary data were entered into, and analyzed by, the
Nutrition Data System for Research (NDSR) software version 2007, developed by the Nutrition
Coordinating Center (NCC), University of Minnesota, Minneapolis, MN. The NDSR provides a
complete nutrient profile for all foods in the database [29-31]. The covariate for energy
expenditure was whether the participant met national guidelines for moderate and vigorous
physical activity (dichotomous yes/no variable). Women met the guideline if they self-reported
weekly participation in at least 150 minutes of moderate-intensity or 75 minutes of vigorousintensity aerobic physical activity. Combinations of moderate and vigorous physical activity
were combined using the guidelines’ recommendation of 1 minute of vigorous activity is equal to
2 minutes of moderate physical activity. Previous research among SMW used the same
approach to combine moderate and vigorous physical activity, and assess if government
guidelines were met [10,32,33]. Race was not included as a covariate because the sample was
already adjusted due to the disproportionately low prevalence of African-American SMW.

5.3.5

Mediator

The continuous score from the Center for Epidemiologic Studies Depression Scale Revised
(CESD-R) was evaluated as a potential mediator in the model. Originally created in 1977, the
CESD was revised in 2004 and is often used in psychiatric epidemiology research and also
national studies such as the National Health and Nutrition Examination Survey [39-45]. The
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questionnaire is a 20-item, self-report instrument, that evaluates frequency of feelings and
behavior in the past two weeks to assess current symptoms of depression. The CESD-R has nine
domains that follow depression diagnosis guidelines as defined by the American Psychiatric
Association Diagnostic and Statistical Manual, fifth edition [46]. The domains are: sadness
(dysphoria); loss of interest (anhedonia); appetite changes; sleep; thinking/concentration
difficulties; guilt (worthlessness); tired (fatigued); movement (agitation); and suicidal ideation.
A total score can be generated by adding the responses to each item (not at all or less than 1
day=0; 1-2 days=1; 3-4 days=2; 5-7 days=3; nearly every day for 2 weeks=3). Responders are
categorized as screening negative for depression if their total score is less than 16 [47].

5.3.6

Analytic Approach

The sample was stratified to two groups based on self-reported lifetime history of depression
(no/yes). For each of the stratified groups a mediation model was tested. We used an ordinary
least squares path analysis to explore the possible mediating effects of current depression (Figure
5-1). The Hayes modeling approach using the PROCESS macro (versions 2.12.1 and 2.15),
model number 4, was utilized [48]. Indirect effects were evaluated using a bias-corrected
confidence interval. The random resampling of the data, bootstrapping, was conducted 10,000
times. All statistical analyses were performed using SPSS (IBM SPSS Statistics versions 20 and
23).
The modeling approach we used was an integrated conditional process rather than a stepwise
approach that may be more traditional (e.g. Baron and Kenny [49]). By using the integrated
approach the focus turns from individual pathways to the process as a whole [48,50]. The
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analysis estimates the statistical relationship sexual orientation has on BMI (direct effects). The
analysis estimates how sexual orientation influences BMI through current depression, the
potential mediator. The normal theory test for indirect effects (e.g. Sobel test [51,52]) is
traditionally used but can be sensitive to sampling distribution, has low power, and generates
confidence intervals that are arguably less accurate than other approaches [48]. Software
packages have computing power to randomly select and statically ‘resample’ the data any
number of times (we used 10,000 times) to produce a confidence interval for the indirect effects.
More information about the differences in the causal steps approach and Hayes mediation can be
found in, “Beyond Baron and Kenny: statistical mediation analysis in the new millennium” [50].

Figure 5-1. Estimated Mediation Model
SO=sexual orientation; BMI= body mass index (kg/m2); the same model was used for women with no lifetime
history of depression and with women who reported a lifetime history of depression
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5.4

5.4.1

RESULTS

Participant Characteristics

Participant characteristics are presented in Table 5-1. Just over half the sample identified as
being a SMW (53.7%). The sample was primarily Caucasian (92.6%) and not Hispanic (99.4%),
highly educated (66.3% completing a bachelor’s degree or higher), and reported having a mean
household income of at least $60,000 (46.1%). Only 35.4% of the total sample was within the
normal range for BMI.
When comparing SMW to heterosexual women, there were statistically significant mean group
differences. Heterosexual women had a higher rate of parity than SMW for the combine sample
(69.3% vs. 26.2%, p<0.001) and the statistically significant group differences remained for both
cohorts of lifetime history of depression status (p<0.001 for both no lifetime history of
depression and lifetime history of depression). Significant group differences were found
between SMW and heterosexual women for the combine sample, no lifetime history of
depression and lifetime history of depression (p<0.001; p<0.001; p=0.011, respectively).
Education level was significantly different between SMW and heterosexual women for the
combine sample and for women with no lifetime history of depression but not by sexual
orientation in women who had a lifetime history of depression. The same pattern was true for
number of alcoholic drinks per month: significantly different by sexual orientation in women for
the combine sample and for women with no lifetime history of depression but not by sexual
orientation in women who had a lifetime history of depression.

80

For the women with no lifetime history of depression, there were no differences in continuous
BMI or categorical BMI by sexual orientation groups. Statistically significant group differences
by sexual orientation groups in women were found for the combine sample and the cohort with a
lifetime history of depression.
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Table 5-1. Participant Characteristics
Combine Sample

No Lifetime History of Depression

Value
P

Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

Value
P

0.976

48.83
(7.70)

47.71
(6.94)

0.181

35-64

35-64

35-63

38
(15.6%)

35
(15.2%)

17
(14.0%)

23
(11.9%)

63
(25.8%)

52
(22.5%)

20
(16.5%)

48
(24.9%)

60
(24.6%)

70
(30.3%)

25
(20.7%)

39
(20.2%)

80
(18.9%)

29
(11.9%)

32
(13.9%)

30
(24.8%)

48
(24.9%)

77
(18.2%)

54
(22.1%)

42
(18.2%)

29
(24.0%)

35
(18.1%)

Value
P

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

0.567

47.21
(7.52)

47.23
(7.23)

35-64

35-63

55
(15.1%)

58
(13.7%)

183
(23.2%)

83
(22.7%)

100
(23.6%)

45-49

194
(24.6%)

85
(23.3%)

109
(25.7%)

50-54

139
(17.6%)

59
(16.2%)

55-64

160
(20.3%)

83
(22.7%)

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

Mean (SD)

47.59
(7.33)

47.75
(7.61)

47.45
(7.09)

Range

35-64

35-64

35-39

113
(14.3%)

40-44

Variable

Lifetime History of Depression

Age, Years

Age Categories

0.636

82

0.885

0.310

Table 5-1. Continued

Combine Sample

No Lifetime History of Depression

Lifetime History of Depression
Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

41
(33.9%)

138
(71.5%)

56
(24.2%)

80
(66.1%)

55
(28.5%)

223
(91.4%)

220
(95.2%)

113
(93.4%)

175
(90.7%)

29
(6.8%)

21
(8.6%)

11 (4.8%)

8
(6.6%)

18
(9.3%)

363
(99.5%)

421
(99.3%)

242
(99.2%)

228
(98.7%)

121
(100%)

193
(100%)

5
(0.6%)

2
(0.5%)

3
(0.7%)

2
(0.8%)

3
(1.3%)

0

0

Mean (SD)

28.9
(7.18)

28.06
(6.31)

29.62
(7.79)

27.75
(6.02)

28.26
(7.10)

28.68
(6.84)

31.26
(8.28)

Range

18.5570.09

18.61-52.66

18.5570.09

18.92-52.66

18.5570.09

18.61-52.53

18.5565.44

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

71
(29.1%)

175
(75.8%)

111
(26.2%)

173
(70.9%)

336
(92.1%)

395
(93.2%)

58
(7.4%)

29
(7.9%)

Not
Hispanic or
Latino

784
(99.4%)

Hispanic or
Latino

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

Nulliparous

425
(53.9%)

112
(30.7%)

313
(73.8%)

Parous

364
(46.1%)

253
(69.3%)

Caucasian

731
(92.6%)

AfricanAmerican

Variable

Value
P

Value
P

Value
P

Parity
<0.001

<0.001

<0.001

Race
0.554

0.093

0.397

Ethnicity

0.779

0.610

-

BMI kg/m2
0.002

83

0.403

0.004

Table 5-1. Continued

Combine Sample

No Lifetime History of Depression

Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

88
(38.1%)

40
(33.1%)

53
(27.5%)

77
(31.6%)

66
(28.6%)

43
(35.5%)

44
(22.8%)

37
(15.2%)

47
(20.3%)

16
(13.2%)

39
(20.2%)

46
(10.8%)

21
(8.6%)

14 (6.1%)

13
(10.7%)

32
(16.6%)

20
(5.5%)

41
(9.7%)

11
(4.5%)

16 (6.9%)

9
(7.4%)

25
(13.0%)

1,861.76
(512.55)

1,817.27
(507)

1,900.05
(514.81)

1,794.79
(492.24)

1,850.23
(479.51)

1,862.63
(534.69)

1,959.67
(549.46)

529.753,667.35

529.8-3,463.0

699.93,667.35

601.343,463.08

699.943,369.17

529.753,268.76

763.623,667.35

9.30
(11.9)

8.71
(11.42)

9.81
(12.25)

9.88
(12.46)

10.53
(12.79)

6.35
(8.54)

8.94
(11.54)

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

141
(33.3%)

98
(40.2)

120
(32.9%)

110
(25.9%)

139
(17.6%)

53
(14.5%)

86
(20.3%)

Obese-Class II

80
(10.1%)

34
(9.3%)

Obese-Class III

61
(7.7%)

Mean (SD)
Range

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

Normal

279
(35.4%)

138
(37.8%)

Overweight

230
(29.2%)

Obese-Class I

Variable

Lifetime History of Depression

Value
P

Value
P

Value
P

BMI Categories¥

0.003

0.381

0.007

Calories per day

Total Physical
Activity, Hours
per Week

0.024

0.197

84

0.215

0.577

0.125

0.023

Table 5-1. Continued

Combine Sample

No Lifetime History of Depression

Value
P

Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

Value
P

0.363

91
(75.2%)

132
(68.4%)

0.189

1
(0.4%)

1
(0.8%)

1
(0.5%)

40
(16.4%)

13
(5.6%)

9
(7.4%)

15
(7.8%)

53
(21.7%)

47
(20.3%)

34
(28.1%)

51
(26.4%)

108
(25.5%)

63
(25.8%)

64
(27.7%)

31
(25.6%)

44
(22.8%)

133
(36.4%)

188
(44.3%)

87
(35.7%)

106
(45.9%)

46
(38.0%)

82
(42.5%)

29
(7.9%)

30
(7.1%)

11
(4.5%)

7
(3.0%)

18
(14.9%)

23
(11.9%)

Value
P

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

0.649

187
(76.6%)

185
(80.1%)

2
(0.5%)

1
(0.4%)

49
(13.4%)

28
(6.6%)

185
(23.4%)

87
(23.8%)

98
(23.1%)

Bachelors

202
(25.6%)

94
(25.8%)

Graduate+

321
(40.7%)

59
(7.5%)

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

595
(75.4%)

278
(76.2%)

317
(74.8%)

< 12 years

4
(0.5%)

2
(0.5%)

High School
or GED

77
(9.8%)

Some
College

Variable

Government
Guidelines for
Mod/Vig PA,
Yes
n (%)

Lifetime History of Depression

Education

0.003

0.001

0.590

Household
Income
Less than
$15,000

0.291

85

0.183

0.261

Table 5-1. Continued

Combine Sample

No Lifetime History of Depression

Lifetime History of Depression
Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

8
(3.5%)

9
(7.4%)

16
(8.3%)

33
(13.5%)

35
(15.2%)

30
(24.8%)

32
(16.6%)

93
(21.9%)

58
(23.8%)

54
(23.4%)

21
(17.4%)

39
(20.2%)

36
(9.9%)

65
(15.3%)

26
(10.7%)

34
(14.7%)

10
(8.3%)

31
(16.1%)

263
(33.3%)

121
(33.2%)

142
(33.5%)

89
(36.5%)

92
(39.8%)

32
(26.4%)

50
(25.9%)

15
(1.9%)

12
(3.3%)

3
(0.7%)

11
(4.5%)

1
(0.4%)

1
(0.8%)

2
(1.0%)

Yes

724
(91.8%)

335
(91.8%)

389
(91.7%)

230
(94.3%)

217
(93.9%)

105
(86.8%)

172
(89.1%)

No

63
(8.0%)

29
(7.9%)

34
(8.0%)

20
(10.4%)

Missing

2
(0.3%)

1
(0.3%)

1
(0.2%)

1
(0.5%)

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

24
(5.7%)

16
(6.6%)

63
(17.3%)

67
(15.8%)

172
(21.8%)

79
(21.6%)

$60,000$74,999

101
(12.8%)

$75,000 or
more
Missing

Variable

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

$15,000$24,999

49
(6.2%)

25
(6.8%)

$25,000$39,999

130
(16.5%)

$40,000$59,999

Value
P

Value
P

Value
P

Medical
Insurance

Menopause
Status*

0.971

0.113

0.739

13
(5.3%)

14 (6.1%)

16
(13.2%)

1
(0.4%)

0

0
0.284

86

0.450

0.224

Table 5-1. Continued

Combine Sample

No Lifetime History of Depression

Lifetime History of Depression
Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

189
(81.8%)

41
(33.9%)

138
(71.5%)

54
(22.1%)

42
(18.2%)

80
(66.1%)

55
(28.5%)

150
(61.5%)

109
(47.2%)

69
(57.0%)

80
(41.5%)

81
(33.2%)

93
(40.3%)

39
(32.2%)

82
(42.5%)

13
(5.3%)

29
(12.6%)

13
(10.7%)

31
(16.1%)

7.05
(13.16)

10.28
(14.74)

6.69
(12.83)

8.18
(22.03)

0-216.67

0-91.00

0-75.83

0-86.67

0-216.67

13
(3.6%)

8
(1.9%)

8
(3.3%)

5
(2.2%)

5
(4.1%)

3
(1.6%)

121
(33.2%)

193
(45.5%)

-

-

121
(100%)

193
(100%)

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

347
(81.8%)

190
(77.9%)

83
(22.7%)

77
(18.2%)

408
(51.7%)

219
(60.0%)

189
(44.6%)

Former

295
(37.4%)

120
(32.9%)

175
(41.3%)

Current

86
(10.9%)

26
(7.1%)

60
(14.2%)

8.23
(16.22)

6.93
(13.03)

9.32
(18.43)

0-216.67

0-91.00

21
(2.7%)
314
(39.8%)

Variable

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

Menopause
Not
Suspected

629
(79.7%)

282
(77.3%)

Menopause

160
(20.3%)

Never

Value
P

Value
P

Value
P

Smoking Status

<0.001

<0.001

0.011

Number of
Alcoholic Drinks
per Month
Mean (SD)
Range
Missing
Self-report
History of

0.036

<0.001

87

0.013

-

0.508

-

Table 5-1. Continued

Combine Sample
Variable

Total
Sample
(N=789)

Heterosexual
Women
(n=365)
n (%)

Sexual
Minority
Women
(n=424)
n (%)

202
(25.6%)

82
(22.5%)

120
(28.3%)

No Lifetime History of Depression

Value
P

Heterosexual
Women
(n=244)
n (%)

Sexual
Minority
Women
(n=231)
n (%)

21
(9.4%)

21 (9.1%)

Value
P

Lifetime History of Depression
Heterosexual
Women
(n=121)
n (%)

Sexual
Minority
Women
(n=193)
n (%)

61
(50.4%)

99
(51.3%)

1
(0.8%)

1
(0.5%)

7.95
(5.50)

8.20
(5.58)

0-23

0-23

Value
P

Depression
Self-report
History of
Anxiety

0.060

2
(0.3%)

1 (0.3%)

1 (0.2%)

Mean (SD)

6.09
(4.89)

5.82
(4.60)

6.31
(5.12)

Range

0-23

0-23

0-23

Missing

0.853

0

0

4.77
(3.65)

4.74
(4.08)

0-17

0-22

0.901

CESD-R Score
0.159

¥

0.932

0.696

Normal weight (BMI = 18.5-24.9); overweight (BMI = 25.0-29.9); obese-class I (BMI = 30.00-34.99); obese-class II (BMI = 35.00-39.99); obese-class III (BMI
≥40.00).
* Based on age alone (55 years).
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5.4.2

Stratification

The data were stratified by self-reported lifetime history of depression: women who did not have
a lifetime history of depression and women who did report a lifetime history of depression.
Table 5-2 displays the sample size and CESD-R score information by stratification cohort.
There were no group differences for CESD-R scores by sexual orientation for the whole sample,
the women who did not have a lifetime history of depression, or women who did have a lifetime
history of depression (p=0.159, p=0.932, p=0.696 respectively).
Table 5-2. CESD-R Score by Stratified Cohort
Stratification Group

No stratification, Total Sample
Mean (SD)
Range
No Lifetime History of
Depression
Mean (SD)
Range
Lifetime History of Depression
Mean (SD)
Range

Total Sample Heterosexual Women

Sexual Minority
Women

N=789

n=365

n=424

6.09 (4.89)

5.82 (4.60)

6.31 (5.12)

0-23

0-23

0-23

n=244

n=231

6.09 (4.89)

4.77 (3.65)

4.74 (4.08)

0-22

0-17

0-22

n=121

n=193

8.11 (5.54)

7.95 (5.50)

8.20 (5.58)

0-23

0-23

0-23

N=475

N=314

89

Value
P

0.159

0.932

0.696

5.4.3

Mediating Models

5.4.3.1 Combine Sample of Lifetime History of Depression
The mediation models were estimated with the total sample, women who did not have a lifetime
history of depression, and women who did report a lifetime history of depression. Five
covariates (age, education level, smoking status, mean daily caloric intake, meeting government
guidelines for moderate to vigorous physical activity) were held constant. Figure 5-2 displays
the regression coefficients for the modeling pathways and detailed model results are presented in
Table 5-3.

5.4.3.2 No Stratification, Total Sample
When the total sample of ESTHER women were included in the mediation model we discovered
that the statistical relationship between sexual orientation and BMI was significant (direct
effects, c’=1.562, t(781)=0.496, p=0.002). We found the indirect effects were not statistically
significant (CI crossed zero: -0.040 to 0.230), indicating that current depression does not mediate
the relationship between the sexual orientation of women and BMI.

5.4.3.3 No Lifetime History of Depression
When only considering the ESTHER women who did not have a lifetime history of depression
we found there was no evidence of a statistical relationship between the sexual orientation of
women and BMI (no direct effects; c’=0.736, t(467)=1.214, p=0.225). We did not find evidence
that current depression mediated a relationship between the sexual orientation of women and
BMI; there was no evidence of indirect effects (CI crossed zero: -0.098 to 0.038).
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5.4.3.4 Lifetime History of Depression
For the ESTHER women who did self-report a history of depression within their lifetime, we
found that the statistical relationship between the sexual orientation of women and BMI was
significant (direct effects, c’=2.274, t(307)=0.851, p=0.008). We found the indirect effects were
not statistically significant (CI crossed zero: -0.206 to 0.366), indicating that current depression
does not mediate the relationship between the sexual orientation of women and BMI.

Figure 5-2. Mediation Model with Regression Coefficients
Where 1-3 are the total sample, the segment of the sample with no lifetime history of depression, and the segment of
the sample with a lifetime history of depression. SO=sexual orientation; BMI= body mass index (kg/m2)
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Table 5-3. Regression Coefficients, Standard Errors, and Model Summary Information
Path

Regression
Coefficient

Standard
Error1

P Value

95% Confidence
Interval

Sexual orientation to current
depression (a1)

0.0393

0.351

0.263

-0.296 to 1.081

Current depression to BMI (b1)

0.174

0.051

p<0.001

0.075 to 0.273

Indirect Path from Sexual
Orientation through current
depression to BMI (ab1)

0.068

0.067

n/a2

-0.040 to 0.230

Direct Path from Sexual Orientation
to BMI (c1’)

1.562

0.496

0.002

0.588 to 2.536

Sexual orientation to current
depression (a2)

-0.099

0.364

0.786

-0.814 to 0.616

Current depression to BMI (b2)

0.034

0.077

0.663

-0.118 to 0.185

Indirect Path from Sexual
Orientation through current
depression to BMI (ab2)

-0.003

0.029

n/a2

-0.098 to 0.038

Direct Path from Sexual Orientation
to BMI (c2’)

0.736

0.606

0.225

-0.455 to 1.927

Sexual orientation to current
depression (a3)

0.176

0.633

0.781

-1.070 to 1.422

Current depression to BMI (b3)

0.194

0.077

0.012

0.044 to 0.345

Indirect Path from Sexual
Orientation through current
depression to BMI (ab3)

0.034

0.138

n/a2

-0.206 to 0.366

Direct Path from Sexual Orientation
to BMI (c3’)

2.274

0.851

0.008

0.600 to 3.947

Combine Sample

No Lifetime History of Depression

Lifetime History of Depression

1

Standard errors for the regression coefficients are presented and for the indirect paths the standard error
presented is the bootstrapping standard error
2
when using bias-corrected bootstrapping you only look to the confidence interval to note significance;
when zero is not crossed in the interval the indirect path is significant
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5.5

DISCUSSION

Our approach is novel and to our knowledge no other studies have investigated the mediating
effects of current depression in the association of sexual orientation in women and BMI by
lifetime history of depression. We found no evidence of a direct relationship between the sexual
orientation of women and BMI for the ESTHER women who had no lifetime history of
depression. The same is not true for the ESTHER women who did have a lifetime history of
depression. We found that the direct path from sexual orientation to BMI was significant for
women who reported a lifetime history of depression. This difference by lifetime history of
depression suggests sexual orientation’s relationship with BMI is contingent upon depression
history and that it may actually be the lifetime history of depression driving differences in BMI
in women and not sexual orientation alone. Current depression, using the CESD-R score, did not
explain the relationship between the sexual orientation of women and BMI in our research. The
combine sample that includes women with, and without, a lifetime history of depression
maintains the significant relationship between the sexual orientation of women and BMI. This
indicates that lifetime history of depression may play a critical role in uncovering disparities in
BMI of women.
We considered the existing literature that reports SMW have higher BMI than heterosexual
women [2-10], that sexual minorities endure a lifetime of psychological distress [12,13] and have
higher rates of anxiety and depression [13-17] when we designed this secondary analysis
research. We reflected the importance of lifetime history of depression in the modeling
approach.
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The ESTHER data showed that SMW reported significantly more lifetime history of depression
than heterosexual women (<0.001) and lifetime history of anxiety approached significance
(p=0.060) for SMW above heterosexual women. Despite the historical psychological impact, the
sample did not have significant group mean differences between SMW and heterosexual
women’s CESD-R scores. A potential reason could be that the SMW were informed of their
health risks and had the means to address the psychological risks. The SMW in the sample were
highly educated and have a fairly high household income (48.8% of SMW households made at
least $60,000 annually).
Some research has suggested that there are no differences in mental health status between SMW
and heterosexual women. We found statistically significant self-reports of lifetime history of
depression by sexual orientation in women. We did not find differences in current depression
(CESD-R) by sexual orientation in women. In an observational study among sisters (n=184
pairs) no differences between sisters in the prevalence of mental health issues, based on sexual
orientation, were found [53]. From the 1996 National Household Survey of Drug Abuse, a
sample of about 67 women who reported same-gender partners did not have an increased
likelihood of reporting a psychiatric disorder above exclusively heterosexual women [54].
Our research is limited by the variables included in the model. We included variables for energy
intake and energy expenditure but there are limits to the variables. The energy intake variable
was the mean total caloric intake from a self-report, three-day diary. The Nutrition Data System
for Research (NDSR) software was the 2007 version, so all food formulas are tied to that version
of the software. While newer NDSR software exists, the food formulas may have changed, so it
is not appropriate to update or re-run the data with newer software. The variable for energy
expenditure was a broad measure of physical activity. The ESTHER data did not show
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significant differences between the sexual orientation of women groups by hours per week of
physical activity, or by hours per week of moderate and vigorous physical activity. Group
differences by sexual orientation have been investigated using the ESTHER data and no group
differences were found for time spent for leisure physical activities (e.g. sports, outdoor
activities, etc) or occupational physical activities were found [55]. Future research could
consider other mediators or covariates such as childhood sexual abuse, childhood neglect, selfesteem, alcohol use, and others [36]. This research may impact public health in that SMW are a
minority group with susceptibility to lifetime psychological distress which can have long-term
negative health outcome impacts.
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6.0

6.1

OVERALL DISCUSSION

SUMMARY OF FINDINGS

This dissertation followed the three manuscript approach and all three were secondary data
analyses which used data collected in Pittsburgh, PA from the Epidemiologic STudy of HEalth
Risk in Women (ESTHER) Project. Broadly all three papers investigated disparities in BMI by
sexual orientation in women.
The first Research Article 1 (Section 3.0) utilized the ESTHER three-day food diary data to
compare macronutrient intake between SMW and heterosexual women. Unadjusted
comparisons by sexual orientation in women were compared and then compared again after
adjusting for education level and parity. We discovered there were differences in BMI by sexual
orientation in women in the ESTHER sample. We also found dietary intake differences between
the groups of women after adjusting for education level and parity. Specifically, total caloric
intake, total fat intake, total monounsaturated fatty acid intake, and total polyunsaturated fatty
acid intake were statistically higher among SMW than heterosexual women. Intake of alcohol
was only statistically higher among SMW than heterosexual women with the unadjusted sample,
once we adjusted for education level and parity there were no group differences by sexual
orientation in women. To our knowledge, the research was the first study to use three-day food
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diary data to explore differences in macronutrient intake between SMW and heterosexual
women.
Building from the results of the first Research Article, the second Research Article 2 (Section
4.0) tested mean three-day food diary total caloric intake as a mediator between the sexual
orientation in women and BMI and then tested macronutrients (mean grams per day from fats,
carbohydrates, protein, and alcohol) as parallel mediators of sexual orientation in women and
BMI. We found that sexual orientation is associated with BMI both directly and indirectly
through total caloric intake, with the covariates (age, education level, smoking status, and
physical activity) held constant. In the parallel mediating model, we found that only fat intake
showed partial mediation between the sexual orientation of women and BMI; sexual orientation
was statistically related to BMI. To our knowledge, this was the first study to use three-day food
diary data to explore the relationship between the sexual orientation of women and BMI and
assess potential dietary mediators.
From the first two Research Articles (Sections 3.0 and 4.0) we discovered that there are dietary
differences between SMW and heterosexual women and that the dietary differences play a role in
the disparities in BMI by sexual orientation in women. What about psychological factors
playing a role in the association between the sexual orientation of women and BMI? The
minority stress theory model hypothesizes that mental health disparities between sexual
minorities and heterosexuals are from a stressful environment created by stigma, prejudice, and
discrimination. The excess stress may lead to adverse mental health problems, as outlined by
Meyer 2003.
In Research Article 3 (Section 5.0) we explored the relationship between the sexual orientation
in women and BMI, specifically investigating the mediating effects of current depression when
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the sample was stratified by lifetime history of depression. We found SMW had statistically
significant higher rates of both lifetime history of depression and BMI than heterosexual women.
We did not find evidence that current depression mediates the relationship between the sexual
orientation in women and BMI. Further, we found that women with no lifetime history of
depression did not have a statistically significant association between the sexual orientation of
women and BMI.

6.2

PUBLIC HEALTH SIGNIFICANCE

Obesity is seen as a leading health indicator, with higher body size associated with increases in
all-cause mortality. Obesity is a preventable risk factor associated with the leading cause of
death among women, cardiovascular disease (CVD). A specific population of women, SMW,
may be at particularly high risk of CVD given their increased risk of obesity when compared to
heterosexual women. Existing research suggests SMW have higher BMI than heterosexual
women because of their minority stress exposure; SMW are more satisfied with their body type
than heterosexual women; differences in exercise patterns between SMW and heterosexual
women; and childhood sexual abuse, a risk factor for multiple deleterious health outcomes, is
more prevalent among SMW.
But what about dietary consumption? The theories address energy expenditure through
hypothesized differences in exercise patterns between SMW and heterosexual women but do not
address energy intake. Existing research is limited in comparing differences in dietary
consumption to address disparities in body mass index of women by sexual orientation. Our
research is novel by contributing analysis using very detailed dietary intake information that
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were collected using a three-day food diary. We were able to detail dietary differences between
SMW and heterosexual women. We found that there are, in fact, dietary differences between
sexual orientation groups of women. For example, SMW had statistically significant higher
daily intake of total calories, total fat, total monounsaturated fatty acid, total polyunsaturated
fatty acid, than heterosexual women even after adjusting for differences in education and parity.
Alcohol consumption is higher among SMW than heterosexual women and we found that to be
true in our analysis. However, after adjusting for education and parity, there were no significant
differences between alcohol consumption for SMW and heterosexual women.
So if we know there are specific dietary consumption differences between SMW and
heterosexual women couldn’t those dietary differences explain the relationship between the
sexual orientation of women and BMI? We tested the potential mediating factors of dietary
consumption in two ways: total caloric intake as a mediator; then macronutrients (mean daily
grams of each: fat, carbohydrates, protein, and alcohol) as parallel mediators. We found that
sexual orientation was associated with BMI both directly and indirectly through total caloric
intake, without covariates and with covariates held constant. In the parallel mediating model
without covariates and with covariates (age, education, smoking status, and physical activity)
held constant, only fat intake showed partial mediation between the sexual orientation of women
and BMI; sexual orientation was statistically related to BMI.
Taking a look back at other reasons SMW may have higher BMI than heterosexual women,
existing research suggests minority stress exposure could be a reason. The minority stress theory
model hypothesizes that mental health disparities between sexual minorities and heterosexuals
are from a stressful environment created by stigma, prejudice, and discrimination. The excess
stress may lead to adverse mental health problems. To explore the relationship between the
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sexual orientation in women and BMI we investigated the mediating effects of current
depression when the sample was stratified by lifetime history of depression. We found SMW
had statistically significant higher rates of both lifetime history of depression and BMI than
heterosexual women. We did not find evidence that current depression mediates the relationship
between the sexual orientation in women and BMI. Further, we found that women with no
lifetime history of depression did not have a statistically significant association between the
sexual orientation of women and BMI.
Research has traditionally concluded that SMW are disproportionately affected by overweight
and obesity compared to heterosexual women. Our novel research delved deeper into factors
that may contribute to the BMI disparities by sexual orientation in women.

6.3

STRENGTHS AND LIMITATIONS

As noted in the Background section (2.0), the Institute of Medicine recommended The National
Institute of Health (NIH) implement a research agenda designed to advance knowledge and
understanding of LGBT health. The ESTHER project collected data from a large group of
women, both SMW and heterosexual women. The data are rich and vast, the women who
participated in the ESTHER project provided a wide variety of data from questionnaires to
biological samples and clinical testing.
Broad conclusions and generalizability should consider the participant criteria which included no
history of heart disease, age 35 years or older, living in the Pittsburgh, PA area, and identified as
heterosexual or were considered SMW. SMW for the ESTHER project included women who
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identified as lesbian or bisexual and having emotional, physical, and romantic attractions within
the past 5 years toward only or primarily women or whose relationships within the past 5 years
had been with only or primarily women. The ESTHER women were also primarily Caucasian,
had a high level of education, and had fairly high household incomes. These factors should be
considered when applying the findings of this research to other research among SMW.
The ESTHER project data are limited by self-report. The food diary data represents only three
days of dietary tracking. The daily report reduces recall bias, but reporting bias may still be
possible and the generalizability of a three-day record could be challenged. The Nutrition Data
System for Research (NDSR) software was the 2007 version, so all food formulas are tied to that
version of the software. While newer NDSR software exists, the food formulas may have
changed, so it is not appropriate to update or re-run the data with newer software.

6.4

CONCLUSIONS

The ESTHER project data fills a gap in the LGBT data but more research should be conducted
among these minority populations. There is heterogeneity within the LGBT community, and
even within the lesbian/SMW community. As reported in the background section (2.1.1) only
0.1% of scientific articles published between 1980 and 1999 included research among the LGBT
population. The field is rich with opportunities for discovery and more research is needed to
provide insight into sexual minority heath disparities and to better inform development of health
intervention programs targeting the community.
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From our research specifically, one can see that intervention programs for SMW targeting the
management of total caloric intake and fat intake may help with closing the BMI disparity
between SMW and heterosexual women. While SMW did consume statistically significant more
alcohol than heterosexual women, we found that after adjusting for covariates there was no
difference in alcohol consumption by sexual orientation in women.
Intervention programs addressing weight management for SMW that focus on minority stress
should consider attention to overcoming lifetime history of depression, not just current
depression, as our research found the lifetime history of depression has a significant impact on
the relationship between sexual orientation in women and BMI.

107

BIBLIOGRAPHY

Bibliography from the Background Section 2.0
1.

Boehmer U. Twenty years of public health research: inclusion of lesbian, gay, bisexual,
and transgender populations. Am J Public Health. 2002 July;92(7):1125-1130.

2.

Institute of Medicine (US) Committee on Lesbian Health Research Priorities. Current
Assessment and Directions for the Future. Washington, DC: National Academies Press;
1999.

3.

Committee on Lesbian, Gay, Bisexual, and Transgender Health Issues and Research Gaps
and Opportunities; Board on the Health of Select Populations; Institute of Medicine. The
Health of Lesbian, Gay, Bisexual, and Transgender People: Building a Foundation for
Better Understanding. 2011. Available at: http://www.nap.edu/catalog/13128/the-healthof-lesbian-gay-bisexual-and-transgender-people-building. Access date: September 12,
2015.

4.

American Psychological Association. Practice guidelines for LGB clients: guidelines for
psychological practice with lesbian, gay, and bisexual clients. February 2011. Available
at: http://www.apa.org/pi/lgbt/resources/guidelines.aspx. Access date: September 12,
2015.

5.

Ardill S, O’Sullivan S. Butch/Femme Obsessions. Feminist Review. 1990;34:79-85.

6.

Cooter JF. Butch, femme, or neither? What owning these identities means. (2014)
Electronic theses and dissertations. Paper 2365. Available at:
http://dc.etsu.edu/cgi/viewcontent.cgi?article=3742&context=etd. Access date: April 6,
2016.

7.

Gates GJ. How many people are lesbian, gay, bisexual, and transgender? The Williams
Institute, UCLA School of Law. April 2011.

8.

Aaron DJ, Chang Y-F, Markovic N, LaPorte RE. Estimating the lesbian population: a
capture-recapture approach. J Epidemiol Community Health. 2003;57:207-209.

9.

Aaron DJ, Markovic N, Danielson ME, Honnold JA, Janosky JE, Schmidt NJ.
Behavioral risk factors for disease and preventive health practices among lesbians. Am J
Public Health. 2001;91(6):972-975.

10.

Boehmer U, Bowen DJ, Bauer GR. Overweight and obesity in sexual-minority women:
evidence from population-based data. Am J Public Health. 2007;97(6):1134-1140.

108

11.

Boehmer U, Bowen DJ. Examining factors linked to overweight and obesity in women
of different sexual orientations. Prev Med. 2009;48:357-361.

12.

Bowen DJ, Balsam KF, Ender SR. A review of obesity issues in sexual minority women.
Obesity (Silver Spring). 2008;16(2):221-228.

13.

Case P, Austin B, Hunter DJ, Manson JE, Malspeis S, Willett WC, Spiegelman D.
Sexual orientation, health risk factors, and physical functioning in Nurses’ Health Study
II. J Womens Health (Larchmt). 2004;13(9):1033-1047.

14.

Cochran S, Mays VM, Bowen D, Gage S, Bybee D, Roberts SJ, Goldstein RS, Robison
A, Rankow EJ, White J. Cancer-related risk indicators and preventive screening
behaviors among lesbians and bisexual women. Am J Public Health. 2001;91:591-597.

15.

Dibble SL, Roberts SA, Robertson PA, Paul SM. Risk factors for ovarian cancer: lesbian
and heterosexual women. Oncol Nurs Forum. 2002;29(1):E1-E7.

16.

Valanis BG, Bowen DJ, Bassford T, Whitlock E, Charney P, Carter RA. Sexual
orientation and health: comparisons in the Women’s Health Initiative sample. Arch Fam
Med. 2000;9(9):843-853.

17.

Pokrzywinski R, Evans RW, Danielson ME, Youk AO, Bromberger JT, Marshal MP,
Markovic N. Dietary comparison between sexual minority women and heterosexual
women. In submission.

18.

Herek GM, Garnets LD. Sexual orientation and mental health. Annu Rev Clin Psychol.
2007;3:353-75.

19.

Meyer IH. Prejudice, social stress, and mental health in lesbian, gay, and bisexual
populations: conceptual issues and research evidence. Psychol Bull. 2003;129(5):674697.

20.

Bostwick WB, Boyd CJ, Hughes TL, McCabe SE. Dimensions of sexual orientation and
the prevalence of mood and anxiety disorders in the United States. Am J Public Health.
2010 Mar;100(3):468-75.

21.

Hughes T, McCabe SE, Wilsnack SC, West BT, Boyd CJ. Victimization and substance
use disorders in a national sample of heterosexual and sexual minority women and men.
Addiction. 2010Dec;105(12):2130-40.

22.

King M, Semlyen J, Tai SS, Killaspy H, Osborn D, Popelyuk D, Nazareth I. A systematic
review of mental disorder, suicide, and deliberate self harm in lesbian, gay, and bisexual
people. BMC Psychiatry. 2008 Aug 18;8:70.

23.

Semlyen J, King M, Varney J, Hagger-Johnson G. Sexual orientation and symptoms of
common mental disorder or low wellbeing; combined meta-analysis of 12 UK population
health surveys. BMC Psychiatry. 2016Mar 24;16(1):67.

Bibliography from Research Article 1, Section 3.0
1.

Centers for Disease Control and Prevention. Vital Signs: State-specific obesity
prevalence among adults—United States, 2009. August 6, 2010. Available at:
109

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5930a4.htm?s_cid=mm5930a4_w.
Access date: September 12, 2015.
2.

U.S. Department of Health and Human Services. Nutrition and weight status.
Objectives. Available at: http://www.healthypeople.gov/2020/topicsobjectives/topic/nutrition-and-weight-status/objectives. Access date: September 12,
2015.

3.

Centers for Disease Control and Prevention. National Center for Health Statistics
Obesity Data. May 2014. Available at:
http://www.cdc.gov/nchs/data/factsheets/factsheet_obesity.pdf. Access date: September
12, 2015.

4.

National Heart, Lung, and Blood Institute. Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults. September 1998.
Available at: http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdlns.pdf. Access date:
September 12, 2015.

5.

U.S. Department of Health and Human Services, Health Resources and Services
Administration, Maternal and Child Health Bureau. Women's Health USA 2010.
Rockville, MD: U.S. Department of Health and Human Services, 2010. Available at:
http://mchb.hrsa.gov/whusa10/hstat/hi/pages/208lcd.html. Access date: September 12,
2015.

6.

U.S. Department of Health and Human Services. Heart disease and stroke. Available at:
http://www.healthypeople.gov/2020/topics-objectives/topic/heart-disease-and-stroke.
Access date: September 12, 2015.

7.

National Heart, Lung, and Blood Institute. The heart truth. Available at:
http://www.nhlbi.nih.gov/health/educational/hearttruth/. Access date: September 12,
2015.

8.

Aaron DJ, Markovic N, Danielson ME, Honnold JA, Janosky JE, Schmidt NJ.
Behavioral risk factors for disease and preventive health practices among lesbians. Am J
Public Health. 2001;91(6):972-975.

9.

Boehmer U, Bowen DJ, Bauer GR. Overweight and obesity in sexual-minority women:
evidence from population-based data. Am J Public Health. 2007;97(6):1134-1140.

10.

Boehmer U, Bowen DJ. Examining factors linked to overweight and obesity in women
of different sexual orientations. Prev Med. 2009;48:357-361.

11.

Bowen DJ, Balsam KF, Ender SR. A review of obesity issues in sexual minority women.
Obesity (Silver Spring). 2008;16(2):221-228.

12.

Case P, Austin B, Hunter DJ, Manson JE, Malspeis S, Willett WC, Spiegelman D.
Sexual orientation, health risk factors, and physical functioning in Nurses’ Health Study
II. J Womens Health (Larchmt). 2004;13(9):1033-1047.

13.

Cochran S, Mays VM, Bowen D, Gage S, Bybee D, Roberts SJ, Goldstein RS, Robison
A, Rankow EJ, White J. Cancer-related risk indicators and preventive screening
behaviors among lesbians and bisexual women. Am J Public Health. 2001;91:591-597.

110

14.

Dibble SL, Roberts SA, Robertson PA, Paul SM. Risk factors for ovarian cancer: lesbian
and heterosexual women. Oncol Nurs Forum. 2002;29(1):E1-E7.

15.

Valanis BG, Bowen DJ, Bassford T, Whitlock E, Charney P, Carter RA. Sexual
orientation and health: comparisons in the Women’s Health Initiative sample. Arch Fam
Med. 2000;9(9):843-853.

16.

Committee on Lesbian, Gay, Bisexual, and Transgender Health Issues and Research Gaps
and Opportunities; Board on the Health of Select Populations; Institute of Medicine. The
Health of Lesbian, Gay, Bisexual, and Transgender People: Building a Foundation for
Better Understanding. 2011. Available at: http://www.nap.edu/catalog/13128/the-healthof-lesbian-gay-bisexual-and-transgender-people-building. Access date: September 12,
2015.

17.

Roberts SA, Dibble SL, Nussey B, Casey K. Cardiovascular disease risk in lesbian
women. Womens Health Issues. 2003;13(4):167-174.

18.

Smith HA, Markovic N, Danielson ME, Matthews A, Youk A, Talbott EO, Larkby C,
Hughes T. Sexual abuse, sexual orientation, and obesity in women. J Womens Health
(larchmt). 2010;19(8):1525-1532.

19.

Smith HA, Matthews A, Markovic N, Youk A, Danielson ME, Talbott EO. A
comparative study of complementary and alternative medicine use among heterosexually
and lesbian identified women: Data from the ESTHER project (Pittsburgh, PA, 20032006). J Altern Complement Med. 2010;16(11):1161-1170.

20.

Smith HA, Markovic N, Matthews AK, Danielson ME, Kalro BN, Youk AO, Talbott EO.
A comparison of polycystic ovary syndrome and related factors between lesbian and
heterosexual women. Womens Health Issues. 2011;21(3):191-198.

21.

Orlich MJ, Singh PN, Sabate J, Jaceldo-Siegl K, Fan J, Knutsen S, Beeson WL, Fraser
GE. Vegetarian dietary patterns and mortality in Aventist Health Study 2. JAMA Intern
Med. 2013;173(13):1230-1238.

22.

Burke RV. The Associations Between Diet, Flavonoids, Polymorphisms of the PPARgamma, PPAR-delta, and CRP Genes and Lung and Upper Aerodigestive Tract (UADT)
Cancers. AnnArbor, MI: ProQuest; 2008.

23.

American Psychological Association. Practice guidelines for LGB clients: guidelines for
psychological practice with lesbian, gay, and bisexual clients. February 2011. Available
at: http://www.apa.org/pi/lgbt/resources/guidelines.aspx. Access date: September 12,
2015.

24.

Institute of Medicine (US) Committee on Lesbian Health Research Priorities. Current
Assessment and Directions for the Future. Washington, DC: National Academies Press;
1999.

25.

Schakel SF. Maintaining a nutrient database in a changing marketplace: keeping pace
with changing food products - a research perspective. J Food Comp Anal. 2001;14:315322.

26.

Schakel SF, Buzzard IM, Gebhardt SE. Procedures for estimating nutrient values for
food composition databases. J Food Comp Anal. 1997;10:102-114.
111

27.

Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing and maintaining a
nutrient database. J Am Diet Assoc. 1988;88:1268-1271.

28.

World Health Organization. BMI classification. Available at:
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html. Access date: September 12,
2015.

29.

Centers for Disease Control and Prevention. Trends in intake of energy and
macronutrients—United States, 1971-2000. February 6, 2004. Available at:
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5304a3.htm. Access date: September
12, 2015.

30.

Moran N. Lesbian health care needs. Can Fam Physician. 1996;42:879-884.

31.

Roberts SJ, Patsdaughter CA, Grindel CG, Tarmina MS. Health related behaviors and
cancer screening of lesbians: results of the Boston Lesbian Health Project II. Women
Health. 2004;39(4):41-55.

32.

Roberts SJ. Lesbian health research: a review and recommendations for future research.
Health Care Women Int. 2001;22(6):537-552.

33.

Roberts SJ. Health care recommendations for lesbian women. J Obstet Gynecol
Neonatal Nurs. 2006;35(5):583-591.

34.

Yancey AK, Cochran SD, Corliss HL, Mays VM. Correlates of overweight and obesity
among lesbian and bisexual women. Prev Med. 2003;36(6):676-683.

35.

Nielsen SJ, Kit BK, Fakhouri T, Ogden CL. Calories Consumed from Alcoholic
Beverages by U.S. Adults, 2007–2010. NCHS Data Brief, No 110. Hyattsville, MD:
National Center for Health Statistics; 2012.

36.

U.S. Department of Agriculture. Dietary Guidelines for Americans. 2010. Available at:
http://health.gov/dietaryguidelines/dga2010/dietaryguidelines2010.pdf. Access date:
September 12, 2015.

37.

Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat,
Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington, DC: National
Academies Press; 2002.

38.

Delfine, KM. A comparison of physical activity among women based upon sexual
orientation. 2008. Doctoral Dissertation, University of Pittsburgh. Available at: A
comparison of physical activity among women based upon sexual orientation. Access
date: January 18, 2016.

Bibliography from Research Article 2, Section 4.0
1.

Aaron DJ, Markovic N, Danielson ME, Honnold JA, Janosky JE, Schmidt NJ.
Behavioral risk factors for disease and preventive health practices among lesbians. Am J
Public Health. 2001;91(6):972-975.

2.

Boehmer U, Bowen DJ, Bauer GR. Overweight and obesity in sexual-minority women:
evidence from population-based data. Am J Public Health. 2007;97(6):1134-1140.
112

3.

Boehmer U, Bowen DJ. Examining factors linked to overweight and obesity in women
of different sexual orientations. Prev Med. 2009;48:357-361.

4.

Bowen DJ, Balsam KF, Ender SR. A review of obesity issues in sexual minority women.
Obesity (Silver Spring). 2008;16(2):221-228.

5.

Case P, Austin B, Hunter DJ, Manson JE, Malspeis S, Willett WC, Spiegelman D.
Sexual orientation, health risk factors, and physical functioning in Nurses’ Health Study
II. J Womens Health (Larchmt). 2004;13(9):1033-1047.

6.

Cochran S, Mays VM, Bowen D, Gage S, Bybee D, Roberts SJ, Goldstein RS, Robison
A, Rankow EJ, White J. Cancer-related risk indicators and preventive screening
behaviors among lesbians and bisexual women. Am J Public Health. 2001;91:591-597.

7.

Dibble SL, Roberts SA, Robertson PA, Paul SM. Risk factors for ovarian cancer: lesbian
and heterosexual women. Oncol Nurs Forum. 2002;29(1):E1-E7.

8.

Valanis BG, Bowen DJ, Bassford T, Whitlock E, Charney P, Carter RA. Sexual
orientation and health: comparisons in the Women’s Health Initiative sample. Arch Fam
Med. 2000;9(9):843-853.

9.

Pokrzywinski R, Evans RW, Danielson ME, Youk AO, Bromberger JT, Marshal MP,
Markovic N. Dietary comparison between sexual minority women and heterosexual
women. In submission.

10.

U.S. Department of Health and Human Services, Health Resources and Services
Administration, Maternal and Child Health Bureau. Women's Health USA 2010.
Rockville, MD: U.S. Department of Health and Human Services, 2010. Available at:
http://mchb.hrsa.gov/whusa10/hstat/hi/pages/208lcd.html. Access date: September 12,
2015.

11.

Committee on Lesbian, Gay, Bisexual, and Transgender Health Issues and Research Gaps
and Opportunities; Board on the Health of Select Populations; Institute of Medicine. The
Health of Lesbian, Gay, Bisexual, and Transgender People: Building a Foundation for
Better Understanding. 2011. Available at: http://www.nap.edu/catalog/13128/the-healthof-lesbian-gay-bisexual-and-transgender-people-building. Access date: September 12,
2015.

12.

Meyer IH. Prejudice, social stress, and mental health in lesbian, gay, and bisexual
populations: conceptual issues and research evidence. Psychol Bull. 2003;129(5):674697.

13.

Dilley JA, Simmons KW, Boysun MJ, Pizacani BA, Stark MJ. Demonstrating the
importance and feasibility of including sexual orientation in public health surveys: health
disparities in the Pacific Northwest. Am J Public Health. 2010;100(3):460-467.

14.

Sandfort TGM, Bakker F, Schellevis FG, Vanwesenbeeck I. Sexual orientation and
mental and physical health status: findings from a Dutch population survey. Am J Public
Health. 2006;96(6):1119-1125.

15.

Cochran SD, Mays VM. Physical health complaints among lesbians, gay men, and
bisexual and homosexually experienced heterosexual individuals: results from the
California Quality of Life Survey. Am J Public Health. 2007;97(11):2048-2055.
113

16.

Ryan H, Wortley PM, Easton A, Pederson L, Greenwood G. Smoking among lesbians,
gays, and bisexuals: a review of the literature. Am J Prev Med. 2001;21(2):142-149.

17.

Tang H, Greenwood GL, Cowling DW, Lloyd JC, Roeseler AG, Bal DG. Cigarette
smoking among lesbians, gays, and bisexuals: how serious a problem: (United States).
Cancer Causes Control. 2004;15(8):797-803.

18.

Dilley JA, Maher JE, Boysun MJ, Pizacani BA, Mosbaek CH, Rohde K, Stark MJ,
Simmons KW, Pickle KE. Response letter to: Tang H, Greenwood GL, Cowling DW,
Lloyd JC, Roeseler AG, Bal DG. Cigarette smoking among lesbians, gays, and
bisexuals: how serious a problem? Cancer Causes Control. 2005;16(9):1133-1134.

19.

Gruskin EP, Hart S, Gordon N, Ackerson L. Patterns of cigarette smoking and alcohol
use among lesbians and bisexual women enrolling in a large health maintenance
organization. Am J Public Health. 2001;91(6):976-979.

20.

Gruskin EP, Gordon N. Gay/lesbian sexual orientation increases risk for cigarette
smoking and heavy drinking among members of a large Northern California health plan.
BMC Public Health. 2006;6:241.

21.

Gruskin EP, Greenwood GL, Matevia M, Pollack LM, Bye LL. Disparities in smoking
between the lesbian, gay, and bisexual population and the general population in
California. Am J Public Health. 2007;97(8):1496-1502.

22.

Hughes TL, Jacobson KM. Sexual orientation and women’s smoking. Curr Womens
Health Rep. 2003;3(3):254-261.

23.

Ridner SL, Frost K, Lajoie AS. Health information and risk behaviors among lesbian,
gay, and bisexual college students. J Am Acad Nurse Pract. 2006;18(8):374-378.

24.

Diamant AL, Wold C, Spritzer K, Gelberg L. Health behaviors, health status, and access
to and use of health care: a population-based study of lesbian, bisexual, and heterosexual
women. Arch Fam Med. 2000;9(10):1043-1051.

25.

Lehavot K, Simoni JM. The impact of minority stress on mental health and substance
use among sexual minority women. J Consult Clin Psychol. 2011;79(2):159-170.

26.

Share TL, Mintz LB. Differences between lesbians and heterosexual women in
disordered eating and related attitudes. J Homosex. 2002;42(4):89-106.

27.

Polimeni AM, Austin SB, Kavanagh AM. Sexual orientation and weight, body image,
and weight control practices among young Australian women. J Womens Health
(Larchmt). 2009;18(3):355-362.

28.

Bergeron SM, Senn CY. Body image and sociocultural norms: a comparison of
heterosexual and lesbian women. Psychol Women Q. 1998;22(3):385-401.

29.

Herzog DB, Newman KL, Yeh CJ, Warshaw M. Body image satisfaction in homosexual
and heterosexual women. Int J Eat Disord. 1992;11(4)391-396.

30.

Alvy LM. Do lesbian women have a better body image? Comparisons with heterosexual
women and model of lesbian-specific factors. Body Image. 2013;10(4):524-534.

31.

Aaron DJ, Markovic N, Danielson ME, Brusoski M, Arena V. Body image and weight
control practices in a lesbian sample. Poster session presented at: American Public Health
114

Association 133rd Annual Meeting and Exposition; December 10-14, 2005; Philadelphia,
PA.
32.

Strong SM, Williamson DA, Netemeyer RG, Geer JH. Eating disorder symptoms and
concerns about body differ as a function of gender and sexual orientation. J Soc Clin
Psychol. 2000;19(2):240-255.

33.

Cohen AB, Tannenbaum IJ. Lesbian and bisexual women’s judgments of the
attractiveness of different body types. J Sex Res. 2001;38(3):226-232.

34.

Swami V, Tovee MJ. The influence of body mass index on the physical attractiveness
preferences of feminist and nonfeminist heterosexual women and lesbians. Psychol
Women Q. 2006;30(3):252-257.

35.

Heffernan K. Lesbians and the internalization of societal standards of weight and
appearance. J Lesbian Stud. 1999;3(4):121-127.

36.

Heffernan K. Eating disorders and weight concern among lesbians. Int J Eat Disord.
1996;19(2):127-138.

37.

Brand PA, Rothblum ED, Solomon LJ. A comparison of lesbians, gay men and
heterosexuals on weight and restrained eating. Int J Eat Disord. 1992;11(3):253-259.

38.

Cogan JC. Lesbians walk the tightrope of beauty. J Lesbian Stud. 1999;3(4):77-89.

39.

Kelly L. Lesbian body image perceptions: the context of body silence. Qual Life Res.
2007;17(7):873-883.

40.

Roberts SA, Dibble SL, Nussey B, Casey K. Cardiovascular disease risk in lesbian
women. Womens Health Issues. 2003;13(4):167-174.

41.

Yancey AK, Cochran SD, Corliss HL, Mays VM. Correlates of overweight and obesity
among lesbian and bisexual women. Prev Med. 2003;36(6):676-683.

42.

Aaron DJ, Hughes TL. Association of childhood sexual abuse with obesity in a
community sample of lesbians. Obesity (Silver Spring). 2007;15(4):1023-1028.

43.

Smith HA, Markovic N, Danielson ME, Matthews A, Youk A, Talbott EO, Larkby C,
Hughes T. Sexual abuse, sexual orientation, and obesity in women. J Womens Health
(larchmt). 2010;19(8):1525-1532.

44.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol. 1986;51(6):1173-1182.

45.

Smith HA, Matthews A, Markovic N, Youk A, Danielson ME, Talbott EO. A
comparative study of complementary and alternative medicine use among heterosexually
and lesbian identified women: Data from the ESTHER project (Pittsburgh, PA, 20032006). J Altern Complement Med. 2010;16(11):1161-1170.

46.

Smith HA, Markovic N, Matthews AK, Danielson ME, Kalro BN, Youk AO, Talbott EO.
A comparison of polycystic ovary syndrome and related factors between lesbian and
heterosexual women. Womens Health Issues. 2011;21(3):191-198.

115

47.

Orlich MJ, Singh PN, Sabate J, Jaceldo-Siegl K, Fan J, Knutsen S, Beeson WL, Fraser
GE. Vegetarian dietary patterns and mortality in Aventist Health Study 2. JAMA Intern
Med. 2013;173(13):1230-1238.

48.

Burke RV. The Associations Between Diet, Flavonoids, Polymorphisms of the PPARgamma, PPAR-delta, and CRP Genes and Lung and Upper Aerodigestive Tract (UADT)
Cancers. AnnArbor, MI: ProQuest; 2008.

49.

ChioleroA, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body weight,
body fat distribution, and insulin resistance. Am J Clin Nutr. 2008 Apr;87(4):801-9.

50.

Brittain DR, Dinger MK, Hutchinson SR. Sociodemographic and lesbian-specific factors
associated with physical activity among adult lesbians. Womens Health Issues.
2013;23(2):e103-108.

51.

U.S. Department of Health and Human Services. 2008 Physical activity guidelines for
Americans. Available at: http://health.gov/paguidelines/pdf/paguide.pdf. Access date:
November 30, 2015.

52.

Schakel SF. Maintaining a nutrient database in a changing marketplace: keeping pace
with changing food products - a research perspective. J Food Comp Anal. 2001;14:315322.

53.

Schakel SF, Buzzard IM, Gebhardt SE. Procedures for estimating nutrient values for
food composition databases. J Food Comp Anal. 1997;10:102-114.

54.

Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing and maintaining a
nutrient database. J Am Diet Assoc. 1988;88:1268-1271.

55.

Bollen KA and R Stine. Direct and indirect effects: classical and bootstrap estimates of
variability. Sociological Methodology. 1990;20:115-140.

56.

Hayes AF. Introduction to Medication, Moderation, and Conditional Process Analysis.
A Regression-Based Approach. New York: The Guilford Press, 2013.

57.

Hayes AF. Beyond Baron and Kenny: Statistical mediation analysis in the new
millennium. Communication Monographs. 2009;76(4):408-420.

58.

Sobel ME. Aysmptotic confidence intervals for indirect effects in structural equation
models. In: Leinhardt S, ed. Sociological Methodology. San Francisco: Jossey-Bass;
1982:290-212.

59.

Sobel ME. Some new results on indirect effects and their standard errors in covariance
structure models. In: Tuma N, ed. Sociological Methodology. Washington, DC:
American Sociological Association; 1986:159-186.

60.

Delfine KM. A comparison of physical activity among women based upon sexual
orientation. 2008. Doctoral Dissertation, University of Pittsburgh. Available at: http://dscholarship.pitt.edu/9374/. Access date: January 18, 2016.

61.

Epel E, Lapidus R, McEwen B, Brownell K. Stress may add bite to appetite in women: a
laboratory study of stress-induced cortisol and eating behavior.
Psychoneuroendocrinology. 2001 Jan;26(1):37-49.

116

62.

Yau YH and MN Potenza. Stress and eating behaviors. Minerva Endocrinol. 2013
Sep;38(3):255-67.

Bibliography from Research Article 3, Section 5.0
1.

National Heart, Lung, and Blood Institute. Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults. September 1998.
Available at: http://www.nhlbi.nih.gov/guidelines/obesity/ob_gdlns.pdf. Access date:
September 12, 2015.

2.

Aaron DJ, Markovic N, Danielson ME, Honnold JA, Janosky JE, Schmidt NJ.
Behavioral risk factors for disease and preventive health practices among lesbians. Am J
Public Health. 2001;91(6):972-975.

3.

Boehmer U, Bowen DJ, Bauer GR. Overweight and obesity in sexual-minority women:
evidence from population-based data. Am J Public Health. 2007;97(6):1134-1140.

4.

Boehmer U, Bowen DJ. Examining factors linked to overweight and obesity in women
of different sexual orientations. Prev Med. 2009;48:357-361.

5.

Bowen DJ, Balsam KF, Ender SR. A review of obesity issues in sexual minority women.
Obesity (Silver Spring). 2008;16(2):221-228.

6.

Case P, Austin B, Hunter DJ, Manson JE, Malspeis S, Willett WC, Spiegelman D.
Sexual orientation, health risk factors, and physical functioning in Nurses’ Health Study
II. J Womens Health (Larchmt). 2004;13(9):1033-1047.

7.

Cochran S, Mays VM, Bowen D, Gage S, Bybee D, Roberts SJ, Goldstein RS, Robison
A, Rankow EJ, White J. Cancer-related risk indicators and preventive screening
behaviors among lesbians and bisexual women. Am J Public Health. 2001;91:591-597.

8.

Dibble SL, Roberts SA, Robertson PA, Paul SM. Risk factors for ovarian cancer: lesbian
and heterosexual women. Oncol Nurs Forum. 2002;29(1):E1-E7.

9.

Valanis BG, Bowen DJ, Bassford T, Whitlock E, Charney P, Carter RA. Sexual
orientation and health: comparisons in the Women’s Health Initiative sample. Arch Fam
Med. 2000;9(9):843-853.

10.

Pokrzywinski R, Evans RW, Danielson ME, Youk AO, Bromberger JT, Marshal MP,
Markovic N. Dietary comparison between sexual minority women and heterosexual
women. In submission.

11.

Committee on Lesbian, Gay, Bisexual, and Transgender Health Issues and Research Gaps
and Opportunities; Board on the Health of Select Populations; Institute of Medicine. The
Health of Lesbian, Gay, Bisexual, and Transgender People: Building a Foundation for
Better Understanding. 2011. Available at: http://www.nap.edu/catalog/13128/the-healthof-lesbian-gay-bisexual-and-transgender-people-building. Access date: September 12,
2015.

12.

Herek GM, Garnets LD. Sexual orientation and mental health. Annu Rev Clin Psychol.
2007;3:353-75.
117

13.

Meyer IH. Prejudice, social stress, and mental health in lesbian, gay, and bisexual
populations: conceptual issues and research evidence. Psychol Bull. 2003;129(5):674697.

14.

Bostwick WB, Boyd CJ, Hughes TL, McCabe SE. Dimensions of sexual orientation and
the prevalence of mood and anxiety disorders in the United States. Am J Public Health.
2010 Mar;100(3):468-75.

15.

Hughes T, McCabe SE, Wilsnack SC, West BT, Boyd CJ. Victimization and substance
use disorders in a national sample of heterosexual and sexual minority women and men.
Addiction. 2010Dec;105(12):2130-40.

16.

King M, Semlyen J, Tai SS, Killaspy H, Osborn D, Popelyuk D, Nazareth I. A systematic
review of mental disorder, suicide, and deliberate self harm in lesbian, gay, and bisexual
people. BMC Psychiatry. 2008 Aug 18;8:70.

17.

Semlyen J, King M, Varney J, Hagger-Johnson G. Sexual orientation and symptoms of
common mental disorder or low wellbeing; combined meta-analysis of 12 UK population
health surveys. BMC Psychiatry. 2016Mar 24;16(1):67.

18.

De WitL, Luppino F, van Straten A, Penninx B, Zitman F, Cuijpers P. Depression and
obesity: a meta-analysis of community-based studies. Psychiatry Res. 2010 Jul
30;178(2):230-5.

19.

Goldbacher EM, Bromberger J, Matthews KA. Lifetime history of Major Depression
predicts the development of the Metabolic Syndrome in middle-age women. Psychosom
Med. 2009 April;71(3):266-272.

20.

National Heart, Lung, and Blood Institute. Explore Metabolic Syndrome. November 6,
2015. Available at: http://www.nhlbi.nih.gov/health/health-topics/topics/ms. Access
date: April 4, 2016.

21.

Torres SJ, Nowson CA. Relationship between stress, eating behavior, and obesity.
Nutrition. 2007;23:887-894.

22.

Adam TC, Epel ES. Stress, eating and the reward system. Physiolog & Behavior.
2007;91:449-458.

23.

Groesz LM, McCoy S, Carl J, Saslow L, Stewart J, Adler N, Laraia B, Epel E. What is
eating you? Stress and the drive to eat. Appetite. 2012;58:717-721.

24.

Smith HA, Markovic N, Danielson ME, Matthews A, Youk A, Talbott EO, Larkby C,
Hughes T. Sexual abuse, sexual orientation, and obesity in women. J Womens Health
(larchmt). 2010;19(8):1525-1532.

25.

Smith HA, Matthews A, Markovic N, Youk A, Danielson ME, Talbott EO. A
comparative study of complementary and alternative medicine use among heterosexually
and lesbian identified women: Data from the ESTHER project (Pittsburgh, PA, 20032006). J Altern Complement Med. 2010;16(11):1161-1170.

26.

Smith HA, Markovic N, Matthews AK, Danielson ME, Kalro BN, Youk AO, Talbott EO.
A comparison of polycystic ovary syndrome and related factors between lesbian and
heterosexual women. Womens Health Issues. 2011;21(3):191-198.
118

27.

Orlich MJ, Singh PN, Sabate J, Jaceldo-Siegl K, Fan J, Knutsen S, Beeson WL, Fraser
GE. Vegetarian dietary patterns and mortality in Aventist Health Study 2. JAMA Intern
Med. 2013;173(13):1230-1238.

28.

Burke RV. The Associations Between Diet, Flavonoids, Polymorphisms of the PPARgamma, PPAR-delta, and CRP Genes and Lung and Upper Aerodigestive Tract (UADT)
Cancers. AnnArbor, MI: ProQuest; 2008.

29.

Schakel SF. Maintaining a nutrient database in a changing marketplace: keeping pace
with changing food products - a research perspective. J Food Comp Anal. 2001;14:315322.

30.

Schakel SF, Buzzard IM, Gebhardt SE. Procedures for estimating nutrient values for
food composition databases. J Food Comp Anal. 1997;10:102-114.

31.

Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing and maintaining a
nutrient database. J Am Diet Assoc. 1988;88:1268-1271.

32.

Brittain DR, Dinger MK, Hutchinson SR. Sociodemographic and lesbian-specific factors
associated with physical activity among adult lesbians. Womens Health Issues.
2013;23(2):e103-108.

33.

U.S. Department of Health and Human Services. 2008 Physical activity guidelines for
Americans. Available at: http://health.gov/paguidelines/pdf/paguide.pdf. Access date:
November 30, 2015.

34.

Chiolero A, Faeh D, Paccaud F, Cornuz J. Consequences of smoking for body weight,
body fat distribution, and insulin resistance. Am J Clin Nutr. 2008 Apr;87(4):801-9.

35.

Joffe H, Chang Y, Dhaliwal S, Hess R, Thurston R, Gold E, Matthews KA, Bromberger
JT. Lifetime history of depression and anxiety disorders as a predictor of quality of life in
midlife women in the absence of current illness episodes. Arch Gen Psychiatry. 2012
May;69(5):484-92.

36.

Cyranowski JM, Schott LL, Kravitz HM, Brown C, Thurston RC, Joffe H, Matthews KA,
Bromberger JT. Psychosocial features associated with lifetime comorbidity of major
depression and anxiety disorders among a community sample of mid-life women: The
SWAN Mental Health Study. Depress Anxiety. 2012 Dec;29(12):1050-1057.

37.

Rudolph KD, Flynn M, Abaied J, Groot A, Thompson R. Why is past depression the best
predictor of future depression? Stress generation as a mechanism of depression continuity
in girls. J Clin Child Adolesc Psychol. 2009 July;38(4):473-485.

38.

Lewinsohn PM, Zeiss AM, Duncan EM. Probability of relapse after recovery from an
episode of depression. J Abnorm Psychol. 1989 May;98(2):107-16.

39.

Radloff LS. The CES-D scale: a self-report depression scale for research in the general
population. Applied Psychological Measurement. 1977;1:385-401.

40.

Eaton WW, Muntaner C, Smith C, Tien A, Ybarra M. Center for Epidemiologic Studies
Depression Scale: Review and revision (CESD and CEDS-R). In: Maruish ME, ed. The
Use of Psychological Testing for Treatment Planning and Outcomes Assessment. 3rd ed.
Mahwah, NJ: Lawrence Erlbum; 2004:363-377.
119

41.

Murphy JM. Symptom scales and diagnostic schedules in adult psychiatry. In: Tsuang
MT, Tohen M, eds. Textbook in Psychiatric Epidemiology. New York: Wiley-Liss;
2002:273-332.

42.

Naughton MJ, Wiklund I. A critical review of dimension-specific measures of healthrelated quality of life in cross-cultural research. Quality of Life Research: An
International Journal of Quality of Life Aspects of Treatment, Care & Rehabilitation.
1993;2(6):397-432.

43.

Snaith P. What do depression rating scales measure? British Journal of Psychiatry.
1993;163:293-298.

44.

Nezu AM, Nezu CM, McClure KS, Zwick ML. Assessment of depression. In: Gotlieb
IH, Hammen CL, eds. Handbook of depression and its treatment. New York, NY:
Guilford Press; 2002:61-85.

45.

Eaton WW, Kessler LG. Rates of symptoms of depression in a national sample.
American Journal of Epidemiology. 1981;114:528-538.

46.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed.) Arlington, VA: American Psychiatric Publishing.

47.

The Center for Epidemiologic Studies Depression Scale Revised. CESD-R Explanation.
Using the CESD-R. Available at: http://cesd-r.com/cesdr/. Access date: April 4, 2016.

48.

Hayes AF. Introduction to Medication, Moderation, and Conditional Process Analysis.
A Regression-Based Approach. New York: The Guilford Press, 2013.

49.

Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol. 1986;51(6):1173-1182.

50.

Hayes AF. Beyond Baron and Kenny: Statistical mediation analysis in the new
millennium. Communication Monographs. 2009;76(4):408-420.

51.

Sobel ME. Aysmptotic confidence intervals for indirect effects in structural equation
models. In: Leinhardt S, ed. Sociological Methodology. San Francisco: Jossey-Bass;
1982:290-212.

52.

Sobel ME. Some new results on indirect effects and their standard errors in covariance
structure models. In: Tuma N, ed. Sociological Methodology. Washington, DC:
American Sociological Association; 1986:159-186.

53.

Rothblum ED, Factor R. Lesbians and their sisters as a control group: demographic and
mental health factors. Psychol Sci. 2001 Jan;12(1):63:9.

54.

Cochran SD, Mays VM. Relation between psychiatric syndromes and behaviorally
defined sexual orientation in a sample of the US population. Am J Epidemiol. 2000
Mar1;151(5):516;523.

55.

Delfine KM. A comparison of physical activity among women based upon sexual
orientation. 2008. Doctoral Dissertation, University of Pittsburgh. Available at: http://dscholarship.pitt.edu/9374/. Access date: January 18, 2016.

120

