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Abstract 

In 2016, the NIH designated sexual and gender minority people (SGM; e.g., lesbian, gay, 

bisexual, transgender, queer, etc.) as a health disparities population. In recent years, there has 

been substantial growth in the number of studies on SGM reproductive and perinatal health. 

The growing interest in this area of research merits revisiting the methodological approaches 

researchers employ. 

In Chapter 1, I discuss both best practices and the real-world challenges of measuring 

and analyzing sexual orientation data using the Nurses’ Health Study 2, a longitudinal cohort 

study of female registered nurses enrolled in 1989, as a case study. After measuring sexual 

orientation identity in 1995 and 2009, the cohort added a new identity measure with additional 

response options and new dimensions of same-sex attraction and same-sex sexual contact to the 

2017 questionnaire. The proportion of participants classified as sexual minorities increased 

substantially with the addition of new measures in 2017 (11%) compared to 1995 (1%) and 2009 

(1%). Most of this increase is attributable to the ability to identify heterosexuals with same-sex 

attractions, same-sex contact, prior sexual minority identity, and/or those who identified as 

“mostly heterosexual” (a new response option that was previously unavailable). I discuss the 

considerations researchers must weigh when deciding which measures to use and how, as well 

as make recommendations for future data collection.  
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In Chapter 2, I outline common errors in covariate adjustment in SGM health research 

and argue that adopting directed acyclic graphs (DAGs) can help researchers clarify their 

research question of interest and identify appropriate adjustment sets. To illustrate these points, 

I simulated 1,000 datasets with a sample size of 10,000 individuals and demonstrated how 

different covariate adjustment sets for a variety of research questions can produce widely 

varying estimates. I motivate why covariates that are commonly used in SGM health disparities 

research (e.g., use of medically assisted reproduction) are mediators, not confounders, and how 

adjusting for these variables in causal research can induce bias by blocking part of the indirect 

effect of exposure on the outcome. Next, I illustrate the complexity of mediation analyses with 

social exposures due to mediator-outcome confounding induced by exposure and compare 

potential approaches. Then I demonstrate how collider stratification bias can arise from our 

sample recruitment and selection. Finally, I demonstrate how incorporating heterosexism (i.e., 

stigma and discrimination) as an unobserved node in our DAG can guide decision-making on 

appropriate adjustment sets. 

Finally, in Chapter 3, I apply these methodological considerations to assess sexual 

orientation-related disparities in pregnancy loss using data from three longitudinal cohorts: the 

Nurses’ Health Study 2 and 3 and Growing Up Today Study (N=235,214 pregnancies from 

85,289 participants). I used log-binomial generalized estimate equation models to compare the 

risk of pregnancy loss among pregnancies to completely heterosexual participants (reference) to 

those among heterosexual participants with same-sex attractions/partnerships, mostly 

heterosexual, bisexual, and lesbian participants. To address confounding, selection, and 

multiple pregnancies per participant, models were weighted by the product of inverse 

probability of treatment, inverse probability of censoring, and inverse cluster size weights. 

Cohort-specific results were combined using fixed-effects meta-analysis. Pregnancies among 

heterosexual participants with same-sex attractions/partnerships (RR:1.07; 95%CI:1.02–1.13) as 

well as those among mostly heterosexual (1.26; 1.19–1.34), bisexual (1.46; 1.25–1.70), and 
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lesbian (1.59; 1.36-1.86) participants were more likely to end in a loss than those to completely 

heterosexuals. Notably, risk of stillbirth was elevated among pregnancies to lesbian (2.58; 1.52–

4.37) participants compared to those among completely heterosexuals; stillbirth risk was not 

elevated among other sexual minority subgroups. 
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Introduction 

It is estimated that over 20 million adult Americans identify as LGBTQ+, more than 

double the estimates from just over a decade ago.1 These estimates do not include other sexual 

(e.g. individuals who identify as lesbian, gay, bisexual, or have same-sex or gender attraction or 

partnerships) and gender (e.g. individuals who identify as trans, nonbinary, or otherwise have a 

gender identity that differs from their assigned sex) minority (SGM) individuals who don’t 

explicitly identify as lesbian, gay, bisexual, or transgender. As our community grows in size and 

recognition, it is more critical than ever that we understand the health and wellbeing of SGM 

people.  

Moreover, a growing proportion of the community are already parents or intend to 

become parents.2 For example, one study using American Community Survey data found that 

30% of female-same-sex married couples are currently raising children compared to 39% of 

married different-sex couples.3 Yet, until recently, little research has been conducted on the 

reproductive or perinatal health of SGM birthing people and their families.  

Outside of reproductive and perinatal health, extensive research has shown that SGM 

people experience health inequities across a variety of physical and mental health outcomes 

compared to their cisgender heterosexual peers.4 The Minority Stress Model, first introduced by 

Virginia Brooks and popularized by Ilan Meyer, is one of the most prominent explanations for 

these inequities.5–8 This model posits that SGM people experience stress related to anticipating, 

experiencing, internalizing, and coping with stigma and discrimination which accumulates over 

time and harms both physical and mental health.9–12 In line with this, research has consistently 

shown that sexual SGM people commonly report experiencing stigma and discrimination.13–16 

However, structural forms of heterosexism and cisgenderism, i.e. the broader societal laws, 

policies, and cultural norms and attitudes that limit access to resources and power for SGM 

people,17–19 likely impact health even in the absence of and individual’s conscious awareness.  
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Prior to pregnancy, SGM people experience a variety of barriers to healthcare access and 

utilization. For example, SGM people, relative to their cisgender heterosexual peers, are more 

likely to be uninsured or to delay care due to cost.20–22 Moreover, some gender minority (GM) 

people may be denied insurance coverage for reproductive health care services.22,23 When they 

do receive health care, SGM people report experiencing discrimination and mistreatment and 

that their providers are inadequately trained to provide culturally competent care to SGM 

people.22–27 In the context of pregnancy, SGM people are more likely than their cisgender 

heterosexual peers to report being mistreated by their healthcare providers during their birthing 

experiences.28 This may explain why some SGM people do not disclose their identity to their 

healthcare providers.24,29,30 

Compared to heterosexual women, sexual minority women (SMW) broadly experience 

poor preconception health.31,32 When they do become pregnant, SMW are more likely to 

experience a teen pregnancy,33–35 be of advanced maternal age, 36,37 to have an unintended 

pregnancy,38–40 or to use medically assisted reproduction to conceive. SMW are also more likely 

to smoke tobacco during pregnancuy,41–43 report poor perinatal mental health,44 more likely to 

have a multi-fetal gestation,37 more likely to experience gestational hypertension and 

preeclampsia.37 The offspring of SMW are also more likely to experience adverse perinatal 

outcomes such as macrosomia,36 low birthweight,45 and preterm birth.45 

Even less research has focused on the reproductive and perinatal health of GM people. 

One recent study using insurance claims data suggests that GM people are more likely than their 

cisgender peers to experience gestational hypertension, to have a multi-fetal gestation, and to 

have a cesarian delivery than their cisgender peers, but equally or less likely to have gestational 

diabetes, experience severe parental morbidity, or deliver preterm.46 Research also shows GM 

people may be as likely as their cisgender peers to experience an unintended pregnancy.47 
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Finally, another study without a comparison group found that 33% of pregnancies to GM 

participants ended in a miscarriage and that 23% were Cesarian deliveries.48 

However, much of the research on SGM reproductive and perinatal health, and health 

more broadly, has had methodological limitations related to sexual orientation measurement, 

covariate control, and sample selection. As more research is dedicated to understanding this key 

life event in SGM populations, it is imperative that researchers adopt rigorous methods to 

ensure the interpretability, accuracy, and meaning of their work.  

Measurement of sexual orientation and gender identity is one of the most critical first 

steps to studying SGM health. Without accurate measurement of these constructs, we cannot 

thoroughly document SGM-related health disparities or identify mechanisms through which 

disparities can be ameliorated.4,49–51 Sexual orientation is a multidimensional concept that 

reflects both how someone identifies, their sexual behavior, and their experiences of 

attraction.52–55 It is considered best practice to measure all three of these dimensions, as they 

can each impact health in a variety of ways.50,52,54,56–59 However, in health research, sexual 

orientation is often measured unidimensionally (e.g., relying on sexual orientation identity 

alone)4,60 and the employed measures are inconsistent, which limits comparability across 

studies.  

In Chapter 1, I discuss best practices in the measurement and analysis of sexual 

orientation data and consider some of the real-world decisions researchers must make when 

using less-than-ideal sexual orientation measures in existing data. I use the Nurses’ Health 

Study 2 (NHS2) as a case study to frame this discussion. This cohort was founded in 1989, first 

adopted a measure of sexual orientation identity in 1995, and adopted more nuanced measures 

of sexual orientation identity, behavior, and attraction in 2017. I discuss how participants are 

differently classified when relying upon different measures included in the cohort, as well as 

how reported identity changes over time within the cohort. I grapple with the implications of 
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choosing different measures for an analysis such as weighing the risk of selection bias due to 

loss-to-follow-up and death when using more recent measures compared to misclassification of 

sexual orientation when using unidimensional identity measures closer to cohort initiation. 

Further, I pay particular attention to a group I term “heterosexual sexual minorities”—a subset 

of individuals who identify as heterosexual but report same-sex or same-gender attraction or 

sexual behavior. Because self-acceptance and internalized homophobia may mediate the effects 

of stigma and stress on health, this subgroup may be uniquely vulnerable to poor health.38 I 

conclude this chapter with recommendations on how sexual orientation measurement could be 

improved going forward.  

After considering the nuances of how sexual orientation is and should be measured and 

subsequently analyzed, I turned my focus to the next analytical hurdle in SGM health research: 

covariate adjustment. In Chapter 2, I wade into the broader debate on the application of causal 

inference tools and approaches to social epidemiological questions, and social exposures in 

particular. I argue that tools such as directed acyclic graphs (DAGs) can help SGM health 

researchers clarify our underlying research question and identify appropriate covariate 

adjustment sets. In particular, I argue that SGM health research interested in the total effects of 

SGM status should not adjust for potential mediators, that most potential covariates are 

potential mediators, and that such adjustment could obscure true disparities. I also discuss the 

importance of considering mediator-outcome confounding induced by exposure when 

mediation is of interest, as well as the different types of mediation effects that researchers may 

be interested in employing such as randomized intervention analogues or counterfactual 

disparity measures. I further discuss how participant recruitment and selection can introduce 

collider stratification bias and motivate why this is a particularly potent concern for 

reproductive health research drawn from fertility clinics. Finally, I make recommendations on 

how systems of power and oppression like heterosexism and cisgenderism can and should be 
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incorporated into DAGs and analyzed. I illustrate these concepts through a simple simulation 

analysis considering the example of sexual orientation and pregnancy loss.  

Finally, in Chapter 3, I apply the methodological considerations that I motivated in the 

first two chapters to assess sexual orientation disparities in pregnancy loss (i.e., miscarriage and 

stillbirth) using three national longitudinal cohorts: the Nurses’ Health Study 2, the Nurses’ 

Health Study 3, and the Growing Up Today Study. Importantly, members of these cohorts were 

not explicitly sampled based on their reproductive health or their status as a SM. In this 

analysis, I create a multidimensional measure of sexual orientation that combines identity, 

attraction and behavior. Further, I employ inverse probability of treatment weights to account 

for confounding by social origin and inverse probability of selection weights to address potential 

collider stratification bias due to induced abortion and ectopic pregnancy. 



1  

Best Practices for Multidimensional and 

Longitudinal Sexual Orientation Measurement: 

A Case Study in a Cohort of Nurses  

1.1 Abstract 

Sexual minorities (e.g., lesbian, gay, bisexual, and queer individuals or those with same-

sex attractions or sexual contact) experience disparities in multiple health domains. However, 

research on sexual minority health is often limited by unidimensional measures of sexual 

orientation, which may hinder efforts to describe, understand, and intervene upon disparities. 

We examined these measurement challenges using the Nurses’ Health Study 2, a longitudinal 

cohort study of female registered nurses enrolled in 1989. After measuring sexual orientation 

identity in 1995 and 2009, we added a new identity measure with additional response options 

and new dimensions of same-sex attraction and same-sex sexual contact to the 2017 

questionnaire. The proportion of participants classified as sexual minorities increased 

substantially with the addition of new measures in 2017 (11%) compared to 1995 (1%) and 2009 

(1%). Most of this increase is attributable to the ability to identify heterosexuals with same-sex 

attraction, same-sex contact, prior sexual minority identity, and/or those who identified as 

“mostly heterosexual” (a new response option that was previously unavailable). Future research 

should measure all three dimensions of sexual orientation and use identity measures that allow 

participants to distinguish between “completely” and “mostly” heterosexual.  

1.2 Introduction 

Sexual minorities (e.g., lesbian, gay, bisexual, and queer individuals or those with same-

sex attractions or sexual contact) experience wide disparities in multiple health domains yet 
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remain an understudied population. The National Institutes of Health has designated sexual 

minorities as a health disparities population, and reducing or eliminating health disparities is a 

key goal of Healthy People 2030.61,62 However, many prior studies have either not measured 

sexual orientation or used unidimensional measures. Without accurate sexual orientation 

measurement, it is impossible to document disparities and therefore disparities in this 

population will continue to persist.4,49–51  

Sexual orientation is widely regarded to be composed of three dimensions: (1) identity, 

i.e., how someone views themself within a particular time and sociocultural context (e.g., 

lesbian, bisexual) (2) behavior, i.e., the sex or gender of a person’s partners or sexual contacts, 

and (3) attraction, i.e., the sex or gender a person is attracted to.52–55 Best practices guidelines 

for measuring sexual orientation call for assessing each of these dimensions.50,52,54,56–59 However, 

most existing research on sexual minority populations focuses primarily or exclusively on 

identity,4,60 which fails to capture the full spectrum the community63 and misclassifies roughly 

half of the population.58 This may lead to an underestimation of the magnitude of health 

disparities by sexual orientation.  

Another challenge to measuring sexual orientation within epidemiologic research is the 

dynamic nature of each dimension of the construct. People may adopt new sexual orientation 

identity labels over time for several reasons, including identity development (i.e., internal 

reflection and change), fluidity (i.e., changing experiences), and/or changes in the sociocultural 

context which impact people’s willingness to adopt and disclose sexual minority identities.51,52,64–

66 Moreover, the terminology used to describe sexual orientation has changed over recent years, 

as have questionnaire items used to measure sexual orientation.50,67 In longitudinal studies, it 

can be difficult to assess whether changes in reported sexual orientation are due to 

developmental processes, previous non-disclosure (and therefore misclassification) of sexual 

minority status, or changing survey measures.  
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We examined these challenges in sexual orientation measurement within a longitudinal 

cohort of female registered nurses, the Nurses’ Health Study 2 (NHS2). We hypothesized that 

expanding data collection to include additional dimensions of sexual orientation and adopting a 

more inclusive sexual orientation identity measurement that distinguishes between mostly and 

completely heterosexual would increase the proportion of participants who are classified as 

sexual minorities. Our findings can inform future research decisions on which dimensions of 

sexual orientation to measure and how to handle the adoption of new sexual orientation survey 

items in longitudinal cohorts.  

1.3 Materials and Methods 

Cohort 

NHS2 is a longitudinal cohort that began in 1989 among registered nurses who self-

identified as “female” (n=116,678).68 Participants were aged 25–42 years at enrollment. Detailed 

health information is collected via questionnaires approximately every two years.  

Sexual orientation measures were first piloted in the NHS2 in 1995 for a random sub-

sample of 1,050 participants.69 After preliminary testing, the sexual orientation identity 

questions were slightly modified and incorporated into the main NHS2 questionnaires in 1995 

and 2009. In recognition of the need to gather data on all dimensions of sexual orientation and 

that sexual orientation identity may change over a person’s lifetime, a more inclusive set of 

sexual orientation questions was added in 2017. These included an updated measure of current 

identity adapted from the Minnesota Adolescent Health Survey70 and measures of sexual 

attraction, behavior, and prior sexual minority identity. These measures were chosen because 

they were already in use in related longitudinal cohorts, i.e., the Growing Up Today Study and 

the Nurses’ Health Study 3. Gender identity was never assessed; therefore, for precision, 

accuracy, and inclusivity, we refer to participants using-gender neutral terms.71 
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Sexual Orientation Measurement 

In 1995 and 2009, participants were asked, “Whether or not you are currently sexually 

active, what is your sexual orientation or identity? Heterosexual; lesbian, gay, or homosexual; 

bisexual; none of these; and prefer not to answer.” These categories were retained as-is for 

analysis.  

In 2017, NHS2 participants received an expanded set of sexual orientation questions. To 

assess identity, participants were asked, “Which of the following best describes your feelings? 

Completely heterosexual (attracted to the opposite sex); mostly heterosexual; bisexual (equally 

attracted to men and women); mostly homosexual; completely homosexual (gay, lesbian, 

attracted to the same sex); not sure.” Participants were also asked if they had ever identified as 

“‘mostly heterosexual,’ bisexual, or lesbian or gay?” To assess attraction, participants were asked 

if they had ever been sexually attracted to females and (separately) whether they had ever been 

sexually attracted to males (yes/no). Finally, to assess behavior, participants were asked 

whether they ever had sexual contact with males and/or females. In the context of this study, we 

refer to “contact” instead of “behavior” for reasons discussed further in the limitations.  

Participants were included in this analysis if they answered the 1995 and/or 2009 sexual 

orientation identity questions and responded to the 2017 sexual orientation identity question.  

Using 2017 data, we classified participants into one of the following ten mutually-

exclusive groups: (1) completely heterosexual (with no prior same-sex attractions, same-sex 

contact, or prior sexual minority identity), (2) completely heterosexual with same-sex 

attractions but no same-sex contact, (3) completely heterosexual with same-sex contact but no 

same-sex attraction, (4) completely heterosexual with same-sex attraction and contact, (5) 

completely heterosexual with prior sexual minority identification (but no reported same-sex 

attraction or contact), (6) mostly heterosexual, (7) bisexual, (8) mostly homosexual, (9) 

completely homosexual, and (10) not sure. Separate from this 10-category measure, we also 
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defined participants as “consistent heterosexuals” if they identified as heterosexual or 

completely heterosexual at all three waves (1995, 2009, and 2017), regardless of attraction or 

contact. 

Statistical Analysis 

We examined cross-tabulations of sexual orientation identity, attraction, and contact 

between 2017 and both 1995 and 2009. The distribution of attraction, contact, and prior identity 

among consistent heterosexuals and the proportion of participants who were reclassified to new 

adjacent categories between 1995/2009 and 2017 (e.g., bisexual in 2009 and either mostly 

heterosexual, bisexual, or mostly homosexual in 2017) were tabulated. Finally, we constructed 

Sankey diagrams to visually illustrate how participants move between sexual orientation 

categories across waves. Analyses were performed using SAS, and figures created in R. 

1.4 Results 

Sample Characteristics 

Of the 69,709 participants who answered the sexual orientation question in 2017, 90% 

(62,513) reported their sexual orientation in 1995 and 89% (62,212) in 2009 (Table 1.1). The 

proportion of participants who identified as bisexual, mostly homosexual, or completely 

homosexual in 2017 (1%) was similar to the proportion who identified as bisexual or lesbian in 

1995 (1%) and 2009 (1%). After incorporating information on previous identity, attractions, and 

contact, 11% of participants were classified as sexual minorities in 2017; this includes 

participants who currently identify as: completely heterosexual but previously identified as a 

sexual minority (5%), completely heterosexual with same-sex attractions (1%), completely 

heterosexual with same-sex contact (<1%), completely heterosexual with same-sex attraction 

and contact (<1%), mostly heterosexual (3%), bisexual (<1%), mostly homosexual (<1%), and 

completely homosexual(2%). 
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Previous Identity Across Sexual Orientation Groups From 2017 Measures 

Of the 66,745 (96%) who identified as completely heterosexual in 2017, almost all 

identified as heterosexual in 1995 and 2009 (90–>99%) (Table 1.1). Notably, <1% of completely 

heterosexual participants who reported a prior sexual minority identification in 2017 had 

identified as bisexual or lesbian in 1995 or 2009. The majority of mostly heterosexuals in 2017 

had previously identified as heterosexual in 1995 (93%) and 2009 (92%). However, a small 

proportion previously identified as bisexual in 1995 (4%) and 2009 (6%). 

Among those who identified as bisexual in 2017, only 24% identified as bisexual in 1995 

and 50% in 2009. Most participants who identified as mostly homosexual had previously 

identified as lesbian (52% in 1995, 75% in 2009), bisexual (11% in 1995, 12% in 2009), or 

previously indicated they preferred not to answer (13% in 1995, 7% in 2009). The majority of 

those who identified as completely homosexual in 2017 had previously identified as lesbian (72% 

in 1995, 92% in 2009).  

Same-Sex Attraction, Contact, and Prior Sexual Minority Identification 

Among Consistent Heterosexuals 

A total of 53,925 participants consistently identified as heterosexual in 1995 and 2009 

and as completely heterosexual in 2017 (Table 1.2). Among these participants, 1% reported 

sexual attraction to both males and females and <1% reported sexual attraction to only females. 

Similarly, 1% reported both male and female sexual contacts and <1% reported only female 

sexual contacts. Strikingly, 6% of participants who identified as heterosexual or completely 

heterosexual at all three time points indicated they had previously identified as a sexual 

minority, not otherwise reported.   
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Table 1.2 Same-Sex Attraction, Contact, And Prior Sexual Minority Identification (2017) Among Consistent1 
Heterosexuals (N=53,925) 

2017 Lifetime Sexual Attraction  
Males 50,892 (94%) 
Males And Females 677 (1%) 
Females 88 (<1%) 
Neither 1,116 (2%) 
Missing 1,152 (2%) 

2017 Lifetime Sexual Contact  
Males 52,849 (98%) 
Males And Females 300 (1%) 
Females 78 (<1%) 
No Sexual Contact 473 (1%) 
Missing 225 (<1%) 

Previous Sexual Minority Identification  
No 49,242 (91%) 
Yes 3,049 (6%) 
Missing 1,634 (3%) 

1Consistent heterosexuals were defined as participants who 
identified as heterosexual in 1995 and 2009, and completely 
heterosexual in 2017 

Distribution of Sexual Orientation in 2017 by Sexual Orientation in 

1995/2009 

Among those who identified as bisexual in 1995, 34% identified as mostly heterosexual in 

2017, 27% as bisexual, and 12% as mostly homosexual (for a total of 72% across the three 

identities; Table 1.3). Similarly, among those who identified as bisexual in 2009, 35% identified 

as mostly heterosexual in 2017, 43% as bisexual, and 9% as mostly homosexual (for a total of 

88% across the three identities). Of those who identified as lesbian in 1995, 59% identified as 

mostly homosexual in 2017 and 23% identified as completely homosexual. Among those who 

identified as lesbian in 2009, 62% identified as mostly homosexual in 2017 28% identified as 

completely homosexual.  

Of those who reported a sexual minority identity in 1995 or 2009, the majority reported 

a sexual minority identity in 2017 (90% and 95%, respectively). Among those who responded 

‘none of these’ in 1995 or 2009, 10% and 11%, respectively, subsequently identified as a sexual 

minority in 2017. Notably, 40% of those who indicated they preferred not to answer in 1995 and 

29% of those who indicated they preferred not to answer in 2009 subsequently identified as a 

sexual minority in 2017.  
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Table 1.3 Distribution Of Sexual Orientation Identity In 2017 By Sexual Orientation Identity In 1995/20091 

 1995 Sexual 
Orientation Identity  

2017 Sexual Orientation Identity 
Among 1995 
Identity, Percent 
With 2017 Identity  

Heterosexual Completely Heterosexual 97% 
Heterosexual Mostly Heterosexual 3% 
Heterosexual Completely Heterosexual or Mostly Heterosexual 99% 
Bisexual Mostly Heterosexual 34% 
Bisexual Bisexual 27% 
Bisexual Mostly Homosexual 12% 
Bisexual Mostly Heterosexual, Bisexual, or Mostly Homosexual 72% 
Lesbian Completely Homosexual 59% 
Lesbian Mostly Homosexual 23% 
Lesbian Mostly Homosexual or Completely Homosexual 81% 
Bisexual or Lesbian Bisexual, Mostly Homosexual, or Completely Homosexual 78% 

Bisexual or Lesbian 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

90% 

None of These 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

10% 

Prefer Not to Answer 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

40% 

 2009 Sexual 
Orientation Identity 

2017 Sexual Orientation Identity 
Among 2009 
Identity, Percent 
With 2017 Identity 

Heterosexual Completely Heterosexual 97% 
Heterosexual Mostly Heterosexual 3% 
Heterosexual Completely Heterosexual or Mostly Heterosexual >99% 
Bisexual Mostly Heterosexual 35% 
Bisexual Bisexual 43% 
Bisexual Mostly Homosexual 9% 
Bisexual Mostly Heterosexual, Bisexual, or Mostly Homosexual 88% 
Lesbian Completely Homosexual 62% 
Lesbian Mostly Homosexual 28% 
Lesbian Mostly Homosexual or Completely Homosexual 90% 
Bisexual or Lesbian Bisexual, Mostly Homosexual, or Completely Homosexual 83% 

Bisexual or Lesbian 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

95% 

None of These 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

11% 

Prefer Not to Answer 
Mostly Heterosexual, Bisexual, Mostly Homosexual, or Completely 
Homosexual 

29% 

1Proportion of individuals in 1995/2009 who are subsequently categorized into the group listed in the 2017 column, with 
the more inclusive 2017 measure. For example, 59% of participants who identified as lesbian in 1995 subsequently 
identified as completely homosexual in 2017, and 62% of those who identified as lesbian in 2009 identified as completely 
homosexual in 2017. 
 

Flow of Sexual Orientation Groups from 1995 to 2017 

Figure 1.1 contains three panels of Sankey diagrams showing how participants flowed 

through each question over time. Most participants consistently identified as heterosexual, did 

not endorse any same-sex attraction or contact, and did not endorse a prior sexual minority 

identity (Figure 1.1, Panel A). Among those who could be categorized as a sexual minority based 

on their identity, attraction, or contact in any year (Figure1, Panel B), a substantial proportion 

identified as heterosexual when given a limited number of response options in 1995 and 2009. 

Among those who could be categorized as a sexual minority based on their identity, (Panel C), 
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participants with a lesbian sexual orientation identity were more stable across years. Between 

2009 and 2017, most movement occurred between identities that were adjacent to the available 

sexual orientation identity options (e.g., from lesbian to either mostly or completely 

homosexual).

Figure 1.1. Flow of Participants Across Sexual Orientation Measurements 



 

16 
 

1.5 Discussion 

Main Findings 

We found that the proportion of participants classified as sexual minorities increased 

substantially with the addition of the new measures in 2017 (11%) compared to 1995 (1%) and 

2009 (1%). Most of this increase is attributable to the ability to identify heterosexuals with 

same-sex attraction, same-sex contact, prior sexual minority identity not been previously 

reported, and/or those who identified as “mostly heterosexual.” In other words, about 10% of 

the cohort would be misclassified had the multidimensional measures never been administered. 

We also found that most (>98%) participants endorsed a sexual orientation identity in 2017 that 

was consistent with or adjacent to their previous identity (e.g., a previous bisexual endorsing 

bisexual or the new categories of mostly heterosexual or mostly homosexual in 2017). 

Heterosexual Sexual Minorities 

There is a distinct subgroup of individuals who identify as heterosexual but who can be 

categorized as a sexual minority based on attraction, behaviour, expanded identity measures 

(e.g., mostly heterosexual) or historical identity measures. This group—termed “heterosexual 

sexual minorities”—differ from not only completely heterosexuals but also other subgroups 

including bisexual and lesbian/gay people in terms of sexual attraction, behaviour, and identity 

development, as well as health behaviours and health outcomes.72–75 Given the size of this 

subgroup, health disparities across sexual orientation could be obscured if heterosexual sexual 

minorities are included in heterosexual reference groups. Similarly, sexual minority status 

should not be dichotomized in analyses, as sexual minorities, including those who identify as 

heterosexual, can have heterogenous health outcomes.  

Using the 2017 expanded measures of sexual orientation, a substantial proportion of 

participants who would otherwise be categorized as heterosexuals can be correctly classified as 
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sexual minorities due to reporting same-sex attractions/contact or previous sexual minority 

identity. Furthermore, we found that the majority of mostly heterosexual participants had 

previously identified as heterosexual. This finding is consistent with another study which found 

that nearly 80% of mostly heterosexual respondents would self-identify as heterosexual if they 

were not given the option to identify as mostly heterosexual.76 Similarly, while prior sexual 

minority identification is not commonly measured, we found that 6% of participants who 

identified as heterosexual or completely heterosexual across all waves indicated they had a prior 

sexual minority identity—substantially more than those who reported same-sex attraction or 

contact. This measure may help capture participants who were previously unwilling to disclose 

their sexual identity or who otherwise experienced a sexual orientation identity change not 

captured on earlier questionnaires. 

Thus, to disaggregate heterosexual sexual minorities from completely heterosexual 

reference groups, we recommend (1) surveys should measure same-sex/gender attractions and 

same-sex behaviors alongside sexual orientation identity, (2) sexual orientation identity 

questions should include a “mostly heterosexual” response option, and (3) surveys should 

include a measure of previous sexual minority identity, even if participants were previously 

asked to report their identities.  

Selecting a Measure in Longitudinal Cohorts 

One challenge with longitudinal data is deciding which measure of sexual orientation to 

use in analyses of sexual-orientation-related health disparities. In the NHS2 cohort, the 2017 

measures of sexual orientation are more comprehensive, but are assessed after a variety of 

health outcomes have already occurred.  

Most descriptive epidemiological studies on sexual orientation-related health disparities 

operationalize sexual orientation as the “exposure,” as do many studies that use sexual 

orientation as a proxy for heterosexist stigma and discrimination. In many contexts, it is 
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essential to measure exposure prior to outcome to minimize the risk of bias. However, sexual 

orientation is fundamentally different than traditional exposures, and should not be interpreted 

as downstream of health status. Thus, temporality must be weighed against the risk of 

misclassification from less comprehensive measures and non-disclosure.  

We found that the 2017 measures perform well in reflecting sexual orientation identities 

at earlier questionnaire waves. The majority (>98%) of participants endorsed a sexual 

orientation identity in 2017 that was consistent with their identity in 1995 or 2009. Bisexual 

identities were less stable than lesbian or heterosexual identities, with only 72% of those who 

identified as bisexual in 1995 and 88% of those who identified as bisexual in 2009 subsequently 

identifying as bisexual, or as one of the two new and adjacent sexual orientation identities (i.e., 

mostly heterosexual and mostly homosexual) in 2017. Other research has found that bisexual 

identities have become more stable across time, potentially due to decreased discrimination and 

biphobia.64 

Finally, while sexual orientation identity is influenced by sexual attraction, identity is 

fundamentally a self-concept, shaped by social context, that changes over time.51,52,65 We would 

therefore anticipate increased disclosure of sexual minority identities due to the changing social 

and political landscape. Before collecting the 2017 data, our team assessed changes in sexual 

orientation among NHS2 participants between 1995 and 2009 following state-level recognition 

of same-sex relationships.66 Among those who identified as heterosexual in 1995, living in a 

state with recognition of same-sex relationships was associated with a higher probability of 

identifying as lesbian or bisexual in 2009. This is consistent with other research that has found 

sexual minority participants may be less willing than heterosexual participants to disclose their 

sexual orientation in questionnaires, and that non-response to sexual orientation questions has 

been consistently declining over time.77 In this study, we found that individuals who endorsed 

“prefer not to answer” or “none of these” in 1995 or 2009 were disproportionately likely to 
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subsequently endorse a sexual minority identity in 2017. Similar findings were documented 

between the 1995 and 2009 questionnaire.78 Finally, we found that among those who 

consistently identified as heterosexual or completely heterosexual, 6% reported that they had 

previously identified as a sexual minority (although it was not captured on earlier waves). 

Therefore, unidimensional identity measures with limited response options may misclassify 

sexual minorities, which could lead to both an underestimation of the size of the sexual minority 

population and attenuation of estimates of health disparities if these participants are 

erroneously classified into the heterosexual reference group. This may be exacerbated if those 

who are reticent to disclose their sexual orientation are particularly susceptible to heterosexist 

stigma.  

When weighing the tradeoffs between temporality and misclassification, often the 

greater concern is that of misclassification, e.g., such as due to using less comprehensive 

measures, and changing social norms leading to increased disclosure of minoritized identities.64 

For example, in the NHS2 cohort, participants were not able to disclose identities such as 

“mostly heterosexual” or “mostly homosexual”, nor able to disclose same-sex attraction or 

contact prior to 2017—restricting data to earlier measures would prevent researchers from 

documenting the health outcomes of these understudied groups. Despite this, researchers 

should be cautious when using sexual orientation measures that occur temporally after the 

outcome of interest. Participants may be missing the most recent measure because they skipped 

the entire questionnaire, skipped the measure, or they have been lost to follow-up or died. Only 

those alive, under follow-up, and who answered the 2017 sexual orientation questions could be 

classified in one of our new sexual orientation categories. This can induce selection bias and 

create false or misleading associations if these participants are excluded or if missing indicators 

are created.  
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We recommend that researchers evaluate the strengths and limitations of different 

approaches to measuring and categorizing sexual orientation in the context of specific research 

questions, and present multiple exposure classifications, if appropriate. Doing so can 

meaningfully inform analyses, lead researchers to more deeply consider data generating 

mechanisms, and promote transparency. A recent study demonstrates how presenting multiple 

approaches to measuring and categorizing sexual orientation can improve analyses and 

interpretation.79 The authors found that disparities in policing by sexual orientation became 

more pronounced when those with same-sex attraction and mostly heterosexual identities were 

recategorized as sexual minorities, demonstrating the importance of considering these nuances.  

Recommended Measures 

Over a decade ago, the Institute of Medicine recommended the development of 

standardized measures for sexual orientation in U.S. questionnaires.80 While there are no 

official national standards, the National Academies of Sciences, Engineering, and Medicine 

(NASEM) recently published recommendations for sexual orientation identity, sex, and gender 

measurement in federal data collection.50,60,72 The committee thoroughly reviewed existing 

research and details many of the methodological and measurement challenges in this area. 

However, the authors only made recommendations for measuring sexual orientation identity, 

and excluded attraction and behavior due to the complexity of and limited research on how to 

measure these dimensions.50 The NASEM proposed measure also does not include response 

options for mostly heterosexual participants. As we highlighted above, a substantial number of 

sexual minorities may be missed if sexual attraction, sexual behavior, and “mostly heterosexual” 

identities are not measured.  

Finally, while some researchers have suggested that the “limited, pre-tested set of forced 

choice response options,” are a limitation of NASEM’s proposed measure,81 their inclusion of a 

free-text response is potentially challenging. While this approach allows participants to provide 
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nuanced and complex answers, recoding free-text responses is time intensive and requires 

researchers to make subjective decisions and assumptions about how to recategorize 

individuals.52 In practice, respondents with free-text responses may be omitted—thereby 

reducing statistical power, collapsed into difficult-to-interpret “other” categories for analysis, or, 

worst of all, researchers may omit analyses of health outcomes among sexual minorities 

altogether. This limitation is particularly critical for the large samples often employed by 

epidemiologists, such as national questionnaires or longitudinal cohorts. Thus, we recommend 

that researchers ask participants to self-identify from a pre-defined list of sexual orientation 

identities. Researchers could include a subsequent question where respondents can provide 

further detail, if desired. This would allow researchers to rely on study participants to categorize 

themselves, while preserving the opportunity to recode potentially rich and nuanced 

descriptions of sexual orientation.  

Nonetheless, standardized measures have the potential to advance research on sexual 

minorities. Many studies on sexual minority health rely on small samples. As a result, 

researchers who are unable to detect clinically and socially meaningful inequities among sexual 

orientation subgroups may collapse subgroups to improve power, thereby obscuring the 

heterogeneous experiences across sexual minority populations.50,82 Meta-analyses that combine 

estimates across studies or pooled analyses that combine datasets could address this issue.81–83 

The adoption of more standardized sexual orientation measures would aid in in this endeavor.  

Limitations 

The present study has several limitations. For example, to assess sexual behavior, NHS2 

participants were asked, “During your life, the person(s) with whom you have had sexual contact 

is (are).” This may capture experiences with sexual violence, which should not be factored into 

classification of sexual orientation. Measures that distinguish between consensual sexual 

partnerships and sexual violence would be preferable84. The response options to our measures of 
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sexual behavior and attraction use binary sex-based language (e.g., female/male), rather than 

gender-based language (e.g., woman, man, non-binary, etc.), and may not fully capture 

participants’ behavior and attraction. Similarly, neither the identity nor attraction measure 

provided a response option for asexual participants. Additionally, the small number of 

participants who identified as sexual minorities precluded our ability to further explore patterns 

of same-sex attraction and contact among these groups. The NHS2 cohort is also comprised 

exclusively of registered nurses who self-identified as “female” at enrollment, were born between 

1945 and 1964, and are predominantly non-Hispanic White. This cohort differs substantially in 

terms of demographics from the general population.  

Finally, we were unable to determine the reasons that participants endorsed a new 

sexual orientation; the improved measures in 2017 played some role but identity fluidity and 

new disclosures are also likely at play. Previous analyses in the Growing Up Today Study cohort, 

for example, have calculated mobility scores of sexual orientation and classified the trajectory of 

change.85,86 Such analyses were feasible in the that study because the same measure was 

administered repeatedly, where as in NHS2, response options changed over time. To address 

this in the future, cohorts could include both new and existing measures of sexual orientation 

together on at least one questionnaire. We have adopted this approach in a related cohort, the 

Nurses’ Health Study 3, which will enable us to distinguish between identity fluidity and 

reduced measurement error. 

Conclusions 

Measurement of sexual orientation should include all three dimensions of sexual 

orientation (i.e., identity, attraction, and behavior). These dimensions are often not concordant 

and have different implications for health behaviors and outcomes. We also found that a 

substantial proportion of the sexual minority population in our sample was identified only when 

using a combination of behavior and attraction, as well as an inclusive identity measure that 
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allowed mostly heterosexual participants to disaggregate themselves from completely 

heterosexual participants. Relying on only sexual orientation identity could lead researchers to 

underestimate health disparities by erroneously including some sexual minorities in their 

reference group and by missing a dimension that is relevant to the health outcome under study. 

Furthermore, longitudinal cohorts, such as NHS2, have updated how sexual orientation is 

measured over time or collected information about sexual orientation after the primary 

outcomes of interest. More research is needed to develop best practices on how to use repeated 

sexual orientation measurement in longitudinal cohorts. Improving measurement of sexual 

orientation will aid researchers in both documenting health disparities and identifying 

mechanisms to reduce them. Finally, there are only a few large, longitudinal cohort studies and 

a few nationally representative surveillance surveys that have gathered detailed data on sexual 

orientation. As more existing cohorts and surveillance surveys, such as Behavioral Risk Factor 

Surveillance System and Youth Risk Behavior Surveillance System, adopt new measures of 

sexual orientation, it is critical that we grapple with the implications of how sexual orientation is 

measured and approaches to analyzing data from cohorts with new/changing measures.



2  

Covariate Adjustment in LGBTQ+ Health Disparities 

Research:  

Aligning Methods with Assumptions 

2.1 Abstract 

In 2016, the NIH designated LGBTQ+ individuals (i.e., lesbian, gay, bisexual, 

transgender, queer, and all sexual and gender minorities) as a health disparities population. The 

growing interest in studying the health of LGBTQ+ populations merits revisiting the 

methodological approaches researchers employ. We elucidate how researchers can identify 

appropriate adjustment sets for causal questions using directed acyclic graphs (DAGs). To 

illustrate these points, we simulated a simplified example using pregnancy loss as the outcome 

wherein we generate 1,000 datasets with a sample size of 10,000 individuals. We motivate why 

covariates that are commonly used in LGBTQ+ health disparities research (e.g., use of medically 

assisted reproduction) are mediators, not confounders, and how adjusting for these variables in 

causal research can induce bias by blocking part of the indirect effect of exposure on the 

outcome. Next, we illustrate the complexity of mediation analyses with social exposures due to 

mediator-outcome confounding induced by exposure and compare potential approaches. Then 

we demonstrate how collider stratification bias can arise from our sample recruitment and 

selection. Finally, we demonstrate how incorporating heterosexism (i.e., stigma and 

discrimination) as an unobserved node in our DAG can guide decision-making on appropriate 

adjustment sets. 
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2.2 Introduction 

In recent years, there has been an increasing interest in researching and understanding 

LGBTQ+ health. The NIH has named sexual and gender minorities as a health disparities 

population for the purpose of research and a recent presidential executive order focused on 

advancing equality for the LGBTQ+ community, including addressing health disparities faced by 

the community.61,87 Simultaneously, several large nationally representative surveillance surveys 

and longitudinal cohorts have begun to adopt new measures of sexual orientation and gender 

identity, creating new opportunities for conducting research on LGBTQ+ health. 

The growing interest in studying the health of sexual and gender minority individuals 

and increased availability of data to do so, merits revisiting the methodological approaches 

researchers employ. Much of the emerging research on LGBTQ+ health has used covariate 

adjustment approaches that are misaligned with the stated study goals. We argue that the use of 

directed acyclic graphs (DAGs) can help epidemiologists and other LGBTQ+ health researchers 

align statistical decision-making with their research questions of interest. DAGs are simplified 

structures that researchers can use to begin to assess how potential covariates are related to the 

exposure and outcome of interest. In other words, drawing DAGs forces researchers to articulate 

their assumptions about how variables are causally related, enabling researchers to make 

decisions around study design and analysis more objective than relying on instinct alone. Our 

recommendations also have applications in health disparities work across other dimensions of 

social identity.  

We make five arguments: (1) descriptive studies should be minimally adjusted, (2) many 

covariates that are commonly adjusted for in existing research are mediators, not confounders, 

(3) when mediation is of interest, mediator-outcome confounding induced by exposure may 

prevent the estimation of natural (in)direct effects, (4) sample selection may induce selection 

bias, (5) incorporating heterosexism and cisgenderism on DAGs can clarify paths of interest. To 
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illustrate these concepts, we use simulated examples focused on sexual orientation-related 

disparities in pregnancy loss (i.e., miscarriage, stillbirth).  

Descriptive Research 

Often, research questions related to LGBTQ+ health are descriptive—that is, they aim to 

describe the burden of health and disease by sexual orientation and/or gender identity. For 

example, a researcher might ask, “Does the risk of pregnancy loss differ by sexual orientation 

among pregnant people in the United States in 2023?” In this context, covariate adjustment 

should be minimal, but could be used to correct for study design and sampling. For example, in 

surveys that intentionally oversample racial/ethnic minority people, weighting could be 

employed to ensure that the study estimates reflect the distribution of racial and ethnic groups 

in the source population. 

Outside of correcting for study design and sampling, covariate adjustment is often 

unnecessary, or inappropriate, in descriptive research because it can obscure the true burden of 

health and disease.88,89 Researchers should be cautious about adjusting for ‘nuisance variables,’ 

as this can fundamentally change the research question. Too often LGBTQ+ health research is 

framed as “descriptive,” but employ large adjustment sets. It is possible that these authors 

intend to answer causal questions, but fear critiques from peer reviewers about using causal 

language in social epidemiologic research, so adopt a descriptive framing.90 Descriptive 

epidemiology is also underappreciated and not given its due course in epidemiology curricula, 

which may explain this pattern.  

For example, emerging research on LGBTQ+ pregnancy outcomes have commonly 

adjusted for factors such as maternal age at conception. However, this changes the research 

question from a description of the real world, to one that estimates what the burden of 

pregnancy loss would be if sexual minorities had the same composition of maternal age as 

heterosexuals. This may obscure real-world disparities associated with the differences in 
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distribution of maternal age by sexual orientation—sexual minority women are both more likely 

than heterosexual women to have a teen pregnancy and more likely to be of advanced maternal 

age, for example.33–36 Therefore, estimates from these studies reflect an artificially constructed 

world, counter to our own. While a substantial number of purportedly descriptive studies in the 

health disparities literature adjust for covariates,91 researchers should critically assess why they 

are adjusting and how doing so may alter their research question.  

Causal Epidemiology 

Other times, LGBTQ+ health research adopts a causal framing. In other words, they aim 

to estimate the effect of being a sexual or gender minority on a health outcome. Epidemiologists 

have heavily debated whether, or how, identities can be considered a “cause” and treated as an 

exposure in the potential outcome’s framework.92–97 Afterall, identities like sexual orientation 

and gender identity cannot and should not be manipulated. Proponents of this viewpoint have 

argued that when exposures are non-manipulable, effect estimates cannot be easily interpreted 

as there is no clear corresponding intervention.93,96–98 Some epidemiologists believe that 

epidemiology should be consequentialist, prioritizing research questions that can translate 

directly into practical and realistic interventions.96,99 However, LGBTQ+ researchers often 

conceptualize sexual orientation as a proxy for the amalgamation of structural heterosexism, 

interpersonal discrimination, and internalized homophobia, that sexual minority people endure, 

so while not well defined, these exposures could plausibly be manipulated. 

Moreover, we argue that a focus on well-defined, manipulable exposures restricts our 

research questions to narrow, downstream, and conservative interventions, and precludes us 

from conceptualizing and exploring radical, systems-changing interventions.95,100 Not all causes 

of health and disease correspond to a clear intervention.101 Identifying causes, even when we 

cannot precisely estimate causal interventional effects is both worthwhile in itself and often the 
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first step in health disparities research—90 Understanding the causes of health and disease can 

help us identify potential meaningful interventions, which we can in turn evaluate.  

Finally, it is important to note that DAGs and the potential outcomes approach are 

fundamentally tools. To use these tools, researchers are often forced to make assumptions that 

we know do not correspond with reality.102 In the words of Miguel Hernán, “if perfectly well-

defined interventions were necessary, science would be paralyzed. Causal inference from either 

randomized experiments or observational data would be impossible.”103 It is often unnecessary 

to perfectly specify a well-defined intervention to establish causation, although it may be 

necessary for precise effect estimate interpretation.90 Estimates from causal analyses using 

sexual orientation or gender identity as an exposure may not have a precise, real-world 

interpretation in terms of tangible interventions, but can instead be generally understood as the 

weighted average effect of being a sexual or gender minority, which itself may describe a variety 

of experiences. 

Despite potential consistency violations (due to a poorly defined, non-manipulable 

exposure), the potential outcomes framework and directed acyclic graphs (DAGs), are useful 

tools to that researchers can and should use to clarify their assumptions and identify adjustment 

sets based on the research question of interest.104 Using these tools, while acknowledging they 

are imperfect for the task, could still drastically improve the field of LGBTQ+ research beyond 

current standard practice. These tools can help us rule out potential alternative explanations 

(e.g., confounding), grapple with bias introduced by our sample selection (e.g., collider 

stratification), and prompt us to consider the mechanisms through which the disparities are 

created (causal mediation).100 In the following sections, we focus on methodological 

considerations that focus on causal questions in LGBTQ+ health disparities research.  
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2.3 Methods 

Figure 2.1 Directed Acyclic Graphs 

 

Figure 2.1 shows our assumed DAGs. DAG 1 represents the statistical DAGs we used to 

generate our simulated data for the examples outlined below. DAGs 1.a, 1.b, and 1.c are 

examples of DAGs researchers might draw based on their underlying research question. It is 

important to note that these are simplified, illustrative examples. In real life, there are likely 

more nodes and more complex causal relationships between these nodes—we chose to use 

simplified examples to illustrate the key concepts herein. All variables are dichotomous and 

were simulated using a Bernoulli distribution. In DAG 1, L represents birth cohort, i.e., when in 

time a participant was born (1=Generation Y, 0=Generation X), A represents sexual orientation 

(1=sexual minority, 0=heterosexual), In DAG2, Z represents advanced maternal age(1=age 35+, 

0=age <35), M represents use of medically assisted reproduction (MAR; 1=use of MAR, 
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0=spontaneous conception), Y represents pregnancy loss (1=pregnancy loss, 0=live birth), and 

finally S represents whether the person was a patient of a fertility clinic (1= fertility clinic, 0=no 

fertility clinic). We simulated the conditional probability of each node using the following 

equations: 

P(L) = 0.5 

P(A) = exp(ln(0.06) + ln(4) ⋅ L) 

P(Z) = exp⁡(ln(0.2) + ln(0.5) ⋅ L + ln(2) ⋅ A) 

P(M) = exp⁡(ln(0.01) + ln(4) ⋅ L + ln(5) ⋅ A + ln(3) ⋅ Z)) 

P(⁡Y) = exp⁡(ln(0.10) + ln(1.5) ⋅ L + ln(2) ⋅ A + ln(2) ⋅ M + ln(0.6) ⋅ A ⋅ M + ln(2.5) ⋅ Z)) 

P(S|M = 0) = exp(ln(0.01) + ln(0.75) ⋅ L + ln(2) ⋅ A + ln(2) ⋅ Z) 

P(S|M = 1) = 1 

Using these equations, we simulated 1,000 datasets with 10,000 observations each. 

Using these simulated datasets, we compare various modeling strategies that are sometimes 

seen in the LGBTQ+ health literature. For each approach we calculated a bias ratio, bias 

difference, and coverage proportions.  

2.4 Results 

It’s Probably a Mediator 

Because there has been so little research on the reproductive health of LGBTQ+ people, 

the total effect of being a sexual minority on reproductive health outcomes is itself an important 

quantity to estimate. In fact, we argue it is essential to first quantify the magnitude and direction 

of any differences before attempting to elucidate causal mechanism and estimate mediated 

effects. In this setting, adjusting for mediators would induce bias and could obscure the true 
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total effect (attenuate to null) or conversely falsely create the appearance of a total effect (e.g., 

collider stratification bias).105,106 When we are interested in the total/overall effect, we should 

not stratify on the mediator/intermediate.107,108 Doing so is sometimes referred to as a 

overadjustment bias,105 and in the words of Ananth and Schisterman, “can render an otherwise 

persuasive study downright meaningless.”109 

Given the high stakes, it essential that LGBTQ+ health researchers carefully select 

covariates. Researchers may sometimes choose covariates because they are commonly adjusted 

for in the existing literature, or previous research has labeled those covariates as “risk factors” 

for the outcome,110 or even using data-driven approaches such as selecting variables that change 

the estimate of the exposure-outcome relationship when included in a model. All these 

approaches can induce bias. Instead, each study must carefully consider the specific exposure 

and outcome in their study, as well as how the data were collected and participants sampled, to 

carefully identify an appropriate adjustment set.  

We argue that when sexual orientation is considered the exposure, most variables that 

are commonly adjusted for in existing research are mediators, not confounders. This is because 

we conceptualize sexual orientation as a core identity that begins to form early in life, and 

therefore, there are few potential confounders of the relationship between sexual orientation 

and health.a Potential confounders are typically limited to one’s sociocultural origin (the time, 

place, socioeconomic status, culture where one is born and raised) which may influence identity 

development processes and subsequent disclosure as well as may impact a variety of health 

outcomes through various mechanisms.  

 

a Note, we acknowledge that some researchers may consider sexual orientation as time-varying and may want to use 
more advanced tools like single world intervention graphs (SWIGs), but we do not discuss this here for simplicity. 
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By contrast, we conceptualize most other variables commonly used in health research as 

downstream of sexual orientation, many of which could be on the causal pathway between 

sexual orientation and pregnancy loss. Inclusion of such covariates would partially block the 

association between sexual orientation and pregnancy loss. For example, researchers studying 

sexual orientation and pregnancy loss may be tempted to adjust for use of medically assisted 

reproduction (MAR; e.g. artificial insemination, ovulation induction, assisted reproductive 

technology such as invitro fertilization, etc.).45 However, use of MAR is downstream of sexual 

orientation—sexual minorities in same-sex partnerships may not have access to both kinds of 

gametes necessary to conceive and may therefore seek services such as intrauterine 

insemination with donor sperm. Pregnancies conceived using assisted reproductive technology 

are more likely to end in pregnancy loss than naturally conceived pregnancies,111–113 although 

sexual orientation could plausibly modify this association. Therefore, conditioning on medically 

assisted reproduction would obscure the total “effect” of being a sexual minority on pregnancy 

loss by blocking a mediating pathway.  

Under DAG1A, we considered 4 potential analytic strategies: correctly adjusting for 

social origin as operationalized through generational cohort (L), over adjusting by use of 

medically assisted reproduction (M), over adjusting by both medically assisted reproduction (M) 

and advanced maternal age (Z), and no adjustment. If we are interested in total effects, under 

DAG1A, adjusting for social origin is the correct approach. As can be seen in Table 2.1, correctly 

adjusting for social origin produces a risk ratio (RR) of 2.33, on average. This would mean that 

conditional on generational cohort, pregnancies to sexual minorities were 2.33-times as likely as 

pregnancies among heterosexuals to end in a loss. By contrast, over adjusting for use of 

medically assisted reproduction biases our estimated downwards (RR:1.99, bias ratio 

[BR]:0.85), and further adjusting for advanced maternal age exacerbates the bias (RR:1.83, 

BR:0.79), while under adjusting (i.e., ignoring social origin) overestimates the risk ratio 

(RR:2.59, BR:2.33). Strikingly, 0% of simulated analyses that over adjusted for both use of MAR 
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and advanced maternal age produced confidence intervals that contained the true risk ratio. In 

Figure 2.2 Part A, we can see the point estimates from all 10,000 simulations under these 

different analytic approaches.  

Table 2.1 Comparison of Analytic Approaches under DAG 1 

Part Measure Approach  
Average 
Estimate 

Correct Bias Ratio1 
Bias 
Difference2 

Coverage 
Proportion3 

P
a

rt
 A

: 
T

o
ta

l 
E

ff
ec

ts
 

Risk Ratio 

Correct 2.33 2.33 1.00 0.00 95% 

Over Adjusted 
by M 

1.99 2.33 0.85 -0.34 10% 

Over Adjusted 
by M and Z 

1.83 2.33 0.79 -0.50 0% 

Under Adjusted 2.59 2.33 1.11 0.26 29% 

P
a

rt
 B

: 
M

ed
ia

te
d

 E
ff

ec
ts

 

Controlled 
Direct Effect, 
M=0 

Correct 2.31 2.31 1.00 0.00 93% 

Ignoring Z 2.14 2.31 0.93 -0.17 67% 

Z as Baseline 
Confounder 

2.01 2.31 0.87 -0.30 17% 

Controlled 
Direct Effect, 
M=1 

Correct4 1.52 1.49 1.02 0.04 94% 

Ignoring Z 1.44 1.49 0.97 -0.05 92% 

Z as Baseline 
Confounder 

1.21 1.49 0.81 -0.28 32% 

Pure Natural 
Direct Effect 

Correct4 2.27 2.26 1.00 0.01 93% 

Ignoring Z 2.09 2.26 0.92 -0.17 60% 

Z as Baseline 
Confounder 

1.94 2.26 0.86 -0.33 7% 

Total Natural 
Indirect 
Effect4 

Correct 1.03 1.03 1.00 0.00 95% 

Ignoring Z 1.10 1.03 1.07 0.07 1% 

Z as Baseline 
Confounder 

1.03 1.03 1.00 0.00 93% 

Proportion 
Mediated 

Correct 0.06 0.06 0.99 0.00 94% 

Ignoring Z 0.17 0.06 2.89 0.11 1% 

Z as Baseline 
Confounder 

0.07 0.06 1.12 0.01 92% 

P
a

rt
 C

: 
S

el
ec

ti
o

n
 

B
ia

s Risk Ratio 
Fertility Clinic 
Sample 

1.58 2.33 0.68 -0.75 2% 

1Average Estimate ÷ Correct; 2Average Estimate - Correct; 3Proportion of iterations where the confidence interval contained the 
true value; 4Interventional PNDE and interventional TNIE 
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Figure 2.2 Comparison of Point Estimated Under Analytic Approaches (n=1,000) 
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Causal Mediation  

While adjusting for mediators can bias our estimates of total effects, LGBTQ+ health 

researchers are often interested in mediation. While sexual orientation cannot (and ethically 

should not) be intervened upon, itself, causal mediation can help identify the mechanisms 

through which these disparities manifest, some of which could be viable points of intervention 

to reduce inequities in health outcomes.90 There are several potential mediation effects LGBTQ+ 

health researchers may be interested in calculating including controlled direct effects (CDE), 

natural direct and indirect effects (NDE, NIE), and proportion mediated (PM), among others.  

The CDE is often a preferred measure because it requires fewer assumptions than other 

mediation effects,114 and it may have more public health relevance than natural effects.115 The 

CDE is the effect of exposure, A, on the outcome, Y, when we force the mediator to take a 

specific value for everyone.116,117 On the risk ratio scale, the CDE is given by: CDE(M) =

P(Ya=1,m)/P(Ya=0,m). To estimate this measure, we must assume that (1) there is no unmeasured 

exposure-otucome confounding and (2) there is no unmeasured mediator-outcome 

confounding. If we further relax our assumptions and only assume there is no unmeasured 

mediator-outcome confounding, this measure can instead be interpreted as a counterfactual 

disparity measure (CDM), or the disparity in the outcome that would occur across levels of the 

exposure if the mediator was fixed to a specific level.118–120 The pure natural direct effect (PNDE) 

by contrast is the effect of exposure on the outcome if we forced the mediator to be at the level it 

would have taken in the absence of exposure. On the risk ratio scale, PNDE is given by: 𝑃NDE =

P(Ya=1,Ma=0
)/P(Ya=0,Ma=0

). The total natural indirect effect (TNIE) is the effect of changing the 

mediator from what it naturally would have been had a person been exposed compared to the 

level the mediator naturally would have taken had the person been unexposed, if we forced 

everyone to have the exposure. On the risk ratio scale, TNIE is given by: 𝑇NIE =

P(Ya=1,Ma=1
)/P(Ya=1,Ma=0

). In addition to the no-confounding assumptions needed to estimate 
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the CDE, the PNDE and TNIE also require that we assume there is no unmeasured exposure-

mediator confounding, and that there is no mediator-outcome confounder affected by exposure. 

121,122 When these assumptions are met, and there is no exposure-mediator interaction, the NDE 

and CDE are equivalent. Further, the proportion mediated is the proportion of the total effect of 

exposure on the outcome that is due to mediation.  

However, when researchers are interested in causal mediation and decomposing the 

total effect into direct and indirect effects, simply adjusting for a mediator may produce 

estimates that are biased if mediation assumptions are not met.108 Mediation estimates are only 

imbued with meaning when our mediation assumptions have been met. For example, simply 

adding mediators to our regression models without addressing potential mediator-outcome 

confounding can preclude correct estimation of CDEs. Moreover, we argue that our standard 

mediation assumptions are particularly problematic when our exposure is a social identity. 

Social exposures may often induce mediator-outcome confounding, which violates standard 

mediation assumptions necessary to estimate the PNDE and TNIE.121–123 Fortunately, new 

methods have been developed to handle this type of confounding.123–128 One such approach is 

the use of interventional effects. This approach simulates setting the mediators among the 

exposed to a random draw from the distribution of mediators among the unexposed.123,125,126,128 

An advantage of interventional effects is that they correspond more closely to a realistic 

population-level intervention where we shift the distribution of the mediator among the 

exposed, while the CDE corresponds to an intervention that deterministically fixes the mediator 

to everyone in the population (an intervention that is likely infeasible in application).125,128 

Researchers interested in how MAR use mediates the relationship between sexual 

orientation and pregnancy loss might draw a DAG similar to DAG 1.b. Many variables such as 

advanced maternal age, health insurance status, and preconception health are plausibly 

associated with sexual minority status and may confound the association between use of MAR 
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and pregnancy outcome. Because we conceptualize sexual orientation to be so far “upstream,” 

this issue would persist with many health outcomes. In such a scenario, natural direct and 

indirect effects are not estimable using regression-based approaches. Additionally, in our 

simulation, we incorporated exposure-mediator interaction on the outcome out of recognition 

that heterosexual and sexual minority people may use MAR for different reasons, i.e., 

physiological infertility vs. social infertility, and because research has shown that pregnancy 

outcomes after MAR differ by sexual orientation.36,129–131  

We consider three potential analytic strategies that researchers might employ to answer 

such a research question: correctly specifying our exposure-outcome confounder as generational 

cohort and our exposure-mediator confounder as generational cohort and advanced maternal 

age recognizing that advanced maternal age is effected by sexual orientation, ignoring mediator-

outcome confounding caused by advanced maternal age, and including advanced maternal age 

as a baseline confounder (i.e. ignoring that it is impacted by sexual orientation).  

These approaches produce vastly different estimates (Table 2.1 Part B and Figure 2.2 

Part B). For example, under the correct approach, the CDE(m=0) is 2.31, indicating that if we 

set everyone to conceive spontaneously, pregnancies to sexual minorities would be 2.31-times as 

likely as pregnancies to heterosexuals to end in a loss. This measure is biased downward when 

we ignore advanced maternal age (RR:2.14, BR:0.93) and further biased when advanced 

maternal age is treated as a baseline confounder (RR:2.01, BR:0.87). The bias is even stronger 

for estimates of the PNDE. By contrast, ignoring advanced maternal age slightly biases estimates 

of the TNIE upwards (BR:1.07), while treating it as a baseline confounder produces a reasonable 

estimate of the TNIE (BR:1.00). 

Selection Bias 

DAGs can also help LGBTQ+ health researchers identify potential sources of collider 

stratification bias, i.e., selection bias, arising from sample selection. Many existing studies use 
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samples that select fundamentally different subsets of the cis-heterosexual and LGBTQ+ 

populations. For example, many studies on LGBTQ+ reproductive health have used samples 

drawn from fertility clinics. As previously discussed, heterosexuals in different sex partnerships 

often seek fertility treatments due to infertility or subfertility, which is a risk factor for poor 

pregnancy outcomes. Sexual minorities in same-sex partnerships may seek care at a fertility 

clinic because they lack the necessary gametes to conceive. As a result, studies drawn from 

fertility clinics are comparing a subset of heterosexuals with high risk of poor pregnancy 

outcomes to a healthier subset of sexual minorities. In this scenario, we might anticipate that the 

estimated effect of sexual orientation on pregnancy loss would be biased downwards towards 

the null and would not be meaningfully interpretable for the general population. DAG 1.c 

corresponds to this scenario. As can be seen in Table 2.1 Part C and in Figure 2.2 Part C, 

estimates drawn from the fertility clinic sample produce estimates that are drastically smaller 

than estimates from the general population (RR:1.58 vs. RR:2.33, a 68% lower risk ratio). In our 

simulated analysis, this bias is so extreme that the confidence intervals from the fertility clinic 

samples only contain the true population association 2% of the time. Researchers must be 

cautious in how they interpret findings from samples such as those drawn from fertility clinics. 

While a clinician may correctly interpret these results as indicating sexual minority patients in 

their clinics are 58% more likely to experience a loss than heterosexual patients, conditional on 

generational cohort, this risk ratio should not be interpreted as causal and cannot generalize to 

the broader population. 

Name Systems of Power and Oppression 

Heterosexism and cisgenderism, much like terms like racism and sexism, refers to the 

multilevel forms of institutional, interpersonal, and intrapersonal stigma, discrimination, and 

inequity that stem from the belief that heterosexuality and binary cisgender identity are the 

“norm” or preferable.132,133 Structural heterosexism and structural cisgenderism refer to the 
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macro-level laws, policies, cultural attitudes, and broader societal norms that uphold and 

reinforce heterosexism and cisgenderism.17,18 There has been a growing call for researchers to 

turn our focus upstream from individual identities towards these macro-level structural forces 

that are shaping health disparities.134–137 This argument is both in line with the ecosocial 

framework137 and fundamental cause theory.138 The ecosocial framework prompts us to turn our 

attention away from the “web” of biomedical, individual, and behavioral “risk factors” that are 

associated with LGBTQ+ health, and instead grapple with how social conditions are embodied 

to create health outcomes and emphasizes consideration of multi-level factors that drive 

exposures as well as susceptibility and resistance to poor health.137,139 Similarly, fundamental 

cause theory prompts researchers to identify the underlying factors that pervasively impact 

health through multiple pathways.138 Research that addresses how structural heterosexism and 

cisgenderism impacts health outcomes such as pregnancy loss could be used to design policy 

changes and interventions that address the macro-level fundamental causes of disparities. 

However, the measurement of structural heterosexism and cisgenderism is challenging 

and ongoing research is grappling with how we can develop comprehensive measures that 

adequately capture these complex concepts.17,19,140 We argue that researchers should consider 

incorporating heterosexism and cisgenderism into their DAGs, even when unmeasured. Doing 

so can help clarify what our underlying research question is, and prompt us to employ novel 

methodological approaches to answer those questions.  

For example, some researchers have framed sexual orientation and gender identity as 

proxies for the effects of heterosexism and cisgenderism.36 Researchers who conceptualize 

sexual orientation and gender identity as proxies for heterosexism and cisgenderism could 

include these as nodes on their DAGs and represent sexual orientation and gender identity as 

mismeasured proxies, and in turn could undertake quantitative bias analyses to correct 

estimates for potential measurement error related to using a proxy.141  
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However, we argue that sexual orientation and gender identity are effect modifiers for 

heterosexism and cisgenderism. If, for example, we conceptualize heterosexism as a broad and 

systemic exposure, then all people are exposed to heterosexism regardless of their sexual 

orientation. But an individual’s sexual orientation plausibly alters the effect of that exposure. 

Even if sexual orientation has no effect on a variable in the absence of exposure to heterosexism, 

per the rules of how DAGs are constructed, this will necessitate an arrow between sexual 

orientation and said variable on our DAGs. While not standard practice in the construction of 

DAGs, on DAG 2, we highlight these arrows with dashed lines. For example, we could 

conceptualize the effect of sexual orientation on advanced maternal age at conception as 

primarily being a product of heterosexism (i.e., the social, structural, financial, and legal barriers 

that sexual minorities may face when trying to conceive). Unlike many other aspects of social 

identity, however, sexual orientation does impact one major health behavior even in the absence 

of heterosexism: who people have sex with and how they can conceive.  

We argue that even when heterosexism is unmeasured, we can use this knowledge to 

estimate the sexual orientation disparity that is caused by heterosexism. Ideally, as heterosexism 

measurement improves and data are collected, we can begin to assess those effects more 

explicitly. For example, if we hypothesize that in the absence of heterosexism, sexual orientation 

only impacts how people conceive, we could conduct a mediation analysis where use of MAR is 

the mediator. In this setting, the direct effect of sexual orientation would reflect the disparity 

due to heterosexism. Researchers could take this work a step further by employing the 

mediation and interaction decomposition frameworks that have been developed elsewhere.142–147 

However, researchers should be cautious of their interpretation when employing these methods. 

Unlike race, which has been the focus of many of these methods, sexual orientation itself does 

impact health behaviors and health outcomes through a narrow set of pathways. Therefore, 

some pathways may not be attributable to heterosexism. For example, in this setting the 

interaction between sexual orientation and MAR more likely reflects the differences between 
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physiological and social infertility than how heterosexism impacts the effects of MAR on 

pregnancy loss. 

2.5 Conclusion 

In short, the adoption of directed acyclic graphs in mainstream LGBTQ+ health research 

could help us be more judicious about how, when, and why we adjust for covariate, in turn 

improving the quality, interpretability, and potential impact of our research. Causal inference 

tools such the potential outcomes framework as well as DAGs are useful in LGBTQ+ health 

research, and social epidemiology more broadly. The use of these tools can help us identify and 

limit bias in our studies, even when dealing with social exposures. 



 

42 

3  

Sexual Orientation and Pregnancy Loss:  

A Meta-Analysis of Three Longitudinal Cohorts 

3.1 Abstract 

Background: Emerging research suggests sexual minority women may be at an increased 

risk of pregnancy loss, but these studies have adjusted for potential mediators and have not 

included certain subgroups (i.e., “mostly heterosexual” women).  

Methods: We used data from three longitudinal cohorts: the Nurses’ Health Study 2 and 

3 and Growing Up Today Study (N=235,214 pregnancies from 85,289 participants). In each 

cohort, participants reported lifetime pregnancies and whether each pregnancy ended in an 

induced abortion, loss (miscarriage <20 weeks, stillbirth ≥20 weeks), ectopic/tubal, or livebirth, 

as well as their sexual orientation. We used log-binomial generalized estimate equation models 

to compare the risk of pregnancy loss among pregnancies to completely heterosexual 

participants (reference) to those among heterosexual participants with same-sex 

attractions/partnerships, mostly heterosexual, bisexual, and lesbian participants. To address 

confounding, selection, and multiple pregnancies per participant, models were weighted by the 

product of inverse probability of treatment, inverse probability of censoring, and inverse cluster 

size weights. Cohort-specific results were combined using fixed-effects meta-analysis. 

Results: Pregnancies among heterosexual participants with same-sex 

attractions/partnerships (RR:1.07; 95%CI:1.02–1.13) as well as those among mostly 

heterosexual (1.26; 1.19–1.34), bisexual (1.46; 1.25–1.70), and lesbian (1.59; 1.36-1.86) 

participants were more likely to end in a loss than those to completely heterosexuals. Notably, 

risk of stillbirth was elevated among pregnancies to lesbian (2.58; 1.52–4.37) participants 
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compared to those among completely heterosexuals; stillbirth risk was not elevated among other 

sexual minority subgroups.  

Conclusion: Future research must examine mechanisms of sexual orientation-related 

inequities in pregnancy loss (e.g., heterosexism, maternal age, use of medically assisted 

reproduction, preconception health). 

3.2 Introduction 

Pregnancy loss (i.e., spontaneous abortion/miscarriage or stillbirth) is the most common 

pregnancy complication; roughly 20% of pregnancies that are recognized clinically end in 

loss.148–151 One of the primary goals of Healthy People 2030 is not only to reduce stillbirths but 

also to reduce health disparities including among sexual minority people (e.g., lesbian, gay, 

bisexual individuals and individuals with same-sex/gender attraction or sexual behavior).62 

Sexual minority people have been identified as a health disparities population by the NIH.61 

Despite these goals and the frequency of pregnancy loss, little is known about pregnancy loss by 

sexual orientation. Only two quantitative studies,45,152 both using the National Survey of Family 

Growth, have assessed pregnancy loss by sexual orientation. However, both studies had 

methodological limitations related to overadjustment and collider stratification bias, described 

in more detail below. To meet the Healthy People 2030 goal of reducing stillbirth and disparities 

in key populations, we must quantify the burden of stillbirth (and pregnancy loss, more broadly) 

by sexual orientation. 

Various social theories suggest that reproductive outcomes, including pregnancy loss, 

may be worse among sexual minority women than their heterosexual peers. The Minority Stress 

Model posits that sexual minority people face unique stressors such as anticipating and 

experiencing identity-related stigma and discrimination, stress related to concealing one’s 

identity, anticipating adverse reactions to said identity, and internalized homophobia.5–7 This 

stress accumulates over time, and in combination with inadequate social support, manifests in 
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poor physical and mental health outcomes.9–12 Similarly, the weathering hypothesis (originally 

posited to explain racial disparities in maternal and infant outcomes) further asserts that 

women who experience discrimination and stigma may have worse birth outcomes because the 

chronic stress from discriminatory experiences “weathers” the body, essentially causing 

premature aging.153,154 Several studies have found evidence that weathering may explain, or 

worsen, racial disparities in birth outcomes.155–159 In addition to the direct biological effects of 

stress, sexual minority people may try to alleviate stress via coping strategies that have 

additional adverse impacts on health, such as consuming alcohol or smoking cigarettes. As the 

social and political environment improves with growing acceptance of sexual minority people 

and same-sex/same-gender relationships, these disparities may wane over time.  

The context surrounding pregnancy and maternal characteristics may also create 

disparities in pregnancy outcomes by sexual orientation. Cisgender sexual minority women in 

same-sex/same-gender relationships, for example, may seek fertility treatments to conceive, 

simply because they lack a sperm-producing partner. Pregnancies conceived using assisted 

reproductive technology are more likely to end in pregnancy loss than spontaneously conceived 

pregnancies.111–113  

Sexual minority women are more likely than heterosexual women to experience teen 

pregnancy.33–35 Additionally, a recent study of birth certificate data found that mothers in same-

sex relationships were nearly twice as likely to be 35 years or older compared to mothers in 

different-sex relationships.36 In other words, the distribution of age at pregnancy is more 

concentrated in the tails for sexual minority women than heterosexual women. Both teen 

pregnancy and older maternal age are associated with an increased risk of pregnancy 

loss.150,160,161 Finally, sexual minority women are also at an increased risk of unintended 

pregnancy compared to heterosexual women.38–40 Unintended pregnancies are associated with 

worse pregnancy outcomes including low birth weight, preterm birth, and pregnancy loss.162,163 
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Note, research shows that women who report experiences of discrimination are more likely to 

have unintended pregnancies, which may explain the disparities in pregnancy intention.164,165 

So little is known about pregnancy loss by sexual orientation, that we must first describe 

and estimate the effect of sexual orientation on pregnancy loss. One of the great challenges of 

social epidemiology is the debate over whether causal inference is even possible when social 

identity is the exposure of interest.92,93,95,97,101,166 Sexual orientation is an ill-defined exposure—it 

is a proxy for the amalgamation of structural stigma, interpersonal discrimination, internalized 

homophobia, and the biological realities that shape human reproduction. Despite these 

limitations, a counterfactual framework can be used to help clarify the appropriate methods to 

study sexual orientation-related disparities. A directed acyclic graph (DAG) encoding our 

assumptions about sexual orientation and pregnancy loss is presented in Figure 3.1.  

Figure 3.1 Assumed Directed Acyclic Graph 

 

Using this DAG, the two existing quantitative studies on pregnancy loss by sexual 

orientation45,152 make a few methodological choices that limit how their findings can be 

interpreted. First, both studies condition on intermediates along the causal pathway in an 

attempt to make “fair” comparisons across sexual orientation. Conditioning on mediators such 

as maternal age at pregnancy, maternal education, maternal use of public assistance, maternal 

use of fertility treatments, and gravidity, partially blocks the effect of sexual orientation and may 

induce collider stratification bias (i.e., create bias in our effect estimate by opening a non-causal 

pathway between exposure and outcome). Second, neither study considers potential selection 

bias due to induced abortion and unrecognized early pregnancy loss. The former can be 
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addressed using stabilized inverse probability weights to remove selection bias due to 

differential patterns of abortion, without eliminating selection by abortion in the sample. The 

latter can rarely be addressed directly, but the magnitude of the resulting bias can be assessed 

using sensitivity analyses. Additionally, Everett et al. collapsed bisexual and lesbian women into 

one analytic category; while this is approach is sometimes used to address small sample sizes, it 

potentially obscures heterogeneity between these two groups.  

In this study, we use inverse probability of censoring weights (IPCW) to account for 

selection due to induced abortion and inverse probability of treatment weights (IPTW) to 

account for differences in social origin to estimate risk ratios for pregnancy loss (including 

miscarriage and stillbirth) across sexual orientation. We hypothesized that the risk of pregnancy 

loss would be greater among pregnancies to sexual minority people than those to their 

heterosexual peers.  

3.3 Methods 

Study Population 

The study population will be comprised of participants who were assigned female at 

birthb from three longitudinal cohort studies: the Nurses’ Health Study 2 (NHS2), the Growing 

up Today Study (GUTS), and the Nurses’ Health Study 3 (NHS3). NHS2 began in 1989 and 

enrolled female registered nurses (n=116,429 participants); participants were 25–42 years old at 

enrollment and were 57–74 in 2021. The participants in GUTS are the children of the NHS2 

participants. GUTS1 began in 1996 and GUTS2 began in 2004; beginning in 2013, these two 

cohorts were combined (GUTS, n=14,981 females). GUTS participants were 9–17 years old at 

baseline and were 26–40 during 2021, meaning participants in this cohort are currently in their 

 

bBecause gender identity was not assessed in every cohort, we refer to participants by their assigned sex at birth. 
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prime childbearing years. For NHS2 and GUTS, detailed health information was collected via 

online or mailed questionnaires approximately every two years. The last cohort, NHS3, includes 

participants who are adult nurses and nursing students born on or after January 1, 1965, and 

who live in the United States or Canada. Enrollment began in 2010 and is ongoing. Currently, 

participants are between 18–58 years old. All of these cohorts have contributed to documenting 

sexual orientation-related disparities in reproductive health, including those related to 

contraception, abortion, teen pregnancy, as well as unwanted and mistimed pregnancy.33,34,39,167  

Sexual Orientation Assessment 

We show all the sexual orientation identity, attraction, and partnership questions that 

were asked in each cohort in Supplementary Table 3.4. Participants were categorized as: 

completely heterosexual (reference), completely heterosexual with sexual minority status 

[heterosexual SMS], mostly heterosexual, bisexual, and lesbian. The heterosexual SMS status 

group includes those who ever reported same-sex sexual contact (NHS2, NHS3, GUTS), same-

sex attraction (NHS2, NHS3), or prior sexual minority identity (NHS2). For GUTS and NHS3, 

we used the sexual orientation measurement assessed closest to pregnancy. However, in the 

NHS2, a multidimensional measure of sexual orientation was not added until 2017, so we used 

this measure when possible. Because sexual orientation identity can change over time, and this 

identity measure was taken years after all reported pregnancies in NHS2, we additionally 

categorized participants in NHS2 as heterosexual SMS if they previously reported their identity 

as bisexual or lesbian or had indicated they had ever identified as a sexual minority previously.  

Pregnancy Loss Assessment 

In 2009, NHS2 participants were asked to report data from all of their pregnancies, 

including the year the pregnancy ended, how the pregnancy ended (single live birth; 

twins/triplets+; miscarriage/stillbirth; induced abortion; tubal or ectopic), and how many weeks 
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the pregnancy lasted. In 2010, the GUTS1 cohort was asked to report data from all of their 

pregnancies. In 2013, 2014, 2015, and 2016, the combined cohorts of GUTS1 and GUTS2 

participants were asked to report these measures for pregnancies in the past year. In 2019, all 

GUTS participants were asked to report this information retrospectively for all pregnancies in 

their lifetime. To avoid duplicating pregnancies, we used data from the 2019 questionnaire when 

possible and the prospective pregnancy questionnaires when 2019 was missing. In NHS3, 

participants were asked to report data from all their pregnancies at baseline. On the thirteenth 

questionnaire, NHS3 participants were asked to report data from all their pregnancies since 

they took the baseline questionnaire. Participants in each cohort reported the year the 

pregnancy ended, how the pregnancy ended (single live birth; twins/triplets+; 

miscarriage/stillbirth; induced abortion; tubal or ectopic), and how many weeks the pregnancy 

lasted. For all participants, we dichotomized outcomes into (1) pregnancy loss (miscarriage or 

stillbirth) vs. live birth, (2) miscarriage (loss <20 weeks) and livebirth or stillbirth (loss >20 

weeks), (3) as well as stillbirth and livebirth. Pregnancies were excluded if they ended in 

abortion or were ectopic/tubal. 

Covariate Assessment 

Because we conceptualize sexual orientation as a fundamental aspect of a person’s 

identity, we only considered variables related to a person’s social origin as potential 

confounders. Many variables commonly used as confounders in studies of pregnancy loss, 

such as the use of medically assisted reproduction (MAR) or maternal education, are 

potential mediators of this association. Because we anticipated mediator-outcome 

confounding induced by exposure, we did not estimate mediated effects.125,127,128,168  

The participant’s year of birth was assessed based on the year the study participant 

was born. Race/ethnicity was assessed in 2005 for NHS2, 1996 for GUTS1, 2004 for 

GUTS2, and on the NHS3 baseline questionnaire. Participants’ race/ethnicity was classified 
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as Non-Hispanic (NH) White, NH Black, NH Asian or Pacific Islander (NH Asian), 

multiracial or other. We also assessed the region in which the participant was born, which 

was assessed in 1989 for NHS2, measured prospectively in GUTS, and on the first and 

twelfth questionnaire for NHS3. Geographic location may be a potential confounder 

because of regional variation in pregnancy outcomes, the proportion of individuals who 

identify as sexual minority people, heterosexism, and structural stigma. We classified 

region of birth using the census division (9 divisions + non-US), rather than where they 

later lived as adults, as some sexual minority individuals may choose to move to regions 

they perceive to have less structural stigma and discrimination. Childhood socioeconomic 

status was assessed differently in each cohort. In 2005, NHS2 participants were asked whether 

their parents owned their home, the years of education each parent had, and each parent’s 

occupation during the participants’ infancy. Because GUTS participants are the children of 

NHS2, we used data from NHS2 to assess childhood socioeconomic status among GUTS 

participants, including their mother’s spouse/partner’s highest level of education (1999), family 

household income (2001), and perceived social and economic standing (2001). Childhood 

socioeconomic status was not assessed in NHS3.  

Missing Data 

For NHS3 and GUTS participants, when sexual orientation data was missing from the 

questionnaire that was temporally closest to the pregnancy, the next closest report of sexual 

orientation was used. When sexual orientation data from 2017 was missing among NHS2 

participants, the less-comprehensive measures from 2009 and 1995 were used. In GUTS, when 

pregnancy-related data were missing on the 2019 GUTS questionnaire, we used data from the 

2010, 2013, 2014, 2015, and 2016 questionnaires. All missingness in covariates was addressed 

using Multiple Imputation by Chained Equations (MICE).169,170 We created five multiply 
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imputed datasets for each cohort, and combined estimates within each cohort using Rubin’s 

Rules.  

Statistical Analysis 

Analyses were conducted separately within each cohort and then combined using fixed-

effects meta-analysis. We used log-binomial generalized estimating equations to estimate the 

relative risk of pregnancy loss by sexual orientation, with clustering by participant to account for 

multiple pregnancies among some participants. 

The final weights used for the model were the product of stabilized inverse probability of 

treatment weights (IPTW), stabilized inverse probability of selection weights (IPCW), and 

inverse cluster size. We used IPTW to address potential confounding by social origin. The 

IPTWs used participant’s year of birth, race/ethnicity, region born, and childhood 

socioeconomic status. We used IPCW to address selection due to induced abortion and 

ectopic/tubal pregnancy. IPCWs included all of the variables in the IPTWs, as well as the 

participant’s age at pregnancy, sexual orientation, and gravidity. Finally, we used inverse cluster 

size weights because we allowed each participant to contribute multiple pregnancies.171 

We conducted several secondary and sensitivity analyses. First, we considered potential 

effect modification by race and ethnicity. Second, we considered alternate sexual orientation 

measures. For NHS2, we re-ran analyses using sexual orientation closest to pregnancy using the 

unidimensional sexual orientation identity measures from 1995 and 2009. For GUTS, we also 

considered sexual orientation prior to pregnancy for the subset of participants with that data. 

We also re-ran our analyses using a categorical variable for pregnancy outcome (ectopic/tubal, 

abortion, loss livebirth) and multinomial models. We also conducted a complete case analysis. 

Finally, we also pooled the cohorts, standardizing and omitting covariates as necessary, and fit 

log-binomial models with a fixed effect for cohort.  
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3.4 Results 

Overall Numbers 

Overall, there were 235,214 pregnancies with data on both sexual orientation and 

pregnancy outcomes (80.6% NHS2, 15.7% NHS3, 3.7% GUTS) to 85,289 people (78.5% NHS2, 

16.4% NHS3, 5.1% GUTS). Of these, 74.9% of pregnancies ended in a livebirth, 8.6% ended in an 

induced abortion, 1.0% were ectopic/tubal, and 15.6% were losses (including 14.5% 

miscarriages, 1.0% stillbirths, and 0.1% losses of unknown gestation).  

Missing Data 

Sexual orientation missingness varied substantially across cohorts. Among pregnancies 

to GUTS participants, no participants were missing sexual orientation after imputation of 

missing pregnancy years. Among pregnancies to NHS2 participants, 0.1% (185) were missing 

sexual orientation. Among pregnancies to NHS3 participants, 50.4% (37,641) were missing 

sexual orientation; however, 97.7% of these pregnancies were among participants who had not 

yet completed the fifth questionnaire and, therefore, had not yet been asked about their sexual 

orientation. Missingness for pregnancy outcome was rare (<1%) across all three cohorts. The 

proportion of each covariate that is missing is shown in Tables 3–5, prior to imputation.  

Descriptive Statistics 

In NHS2, 91.6% percent of pregnancies occurred among completely heterosexual 

participants compared to 81.5% in NHS3 and 78.1% in GUTS (Table 3.1). The proportion of 

pregnancies occurring to heterosexual SMS participants was similar across cohorts (5.6% in 

NHS2, 4.1% in NHS3, 4.9% in GUTS). Pregnancies in NHS2 were less likely to occur to mostly 

heterosexual participants than in NHS3 and GUTS (2.1%, 11.7%, and 14.0%, respectively), as 

was similar for bisexuals (0.3%, 1.9%, and 1.9%, respectively). Pregnancies occurred between
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1983 and 2010 for NHS2, 1979 and 2022 for NHS3, and 1996 and 2020 for GUTS 

(Supplementary Tables 2–4). The mean age at pregnancy was 29-years-old in all three cohorts. 

However, the proportion of pregnancies occurring <18 years of age and ≥35 (i.e., advanced 

maternal age) differed substantially across cohort and sexual orientation groups. Participants in 

GUTS (15.5%) and NHS3 (14.1%) were more likely to report their pregnancies ended in the first 

8 weeks, compared to NHS2 (10.2%). Regarding demographics, most pregnancies occurred 

among non-Hispanic white participants (93.8% NHS2,89.0% NHS3, 93.8% GUTS). Each cohort 

had participants from every region in the United States, and within NHS2 and GUTS (data was 

unavailable for NHS3), participants came from a variety of socioeconomic backgrounds. 

Relative Risk of Pregnancy Loss 

In NHS2, compared to pregnancies among completely heterosexuals, pregnancies to 

mostly heterosexual (risk ratio [RR]:1.30; 95% confidence interval [95%CI]:1.20, 1.42), bisexual 

(RR:1.35; 95%CI: 1.04, 1.77), and lesbian (RR:1.69; 95%CI: 1.40, 2.05) participants were more 

likely to end in a loss, but not those among heterosexual SMS participants (RR:1.05; 95%CI: 

1.00, 1.11; Table 3.2). Results were generally similar for miscarriage as they were to loss. Risk of 

stillbirth was also significantly elevated among pregnancies to lesbian (RR:2.58; 95%CI:1.46, 

4.56) participants compared to completely heterosexual participants.  

In NHS3, compared to pregnancies among completely heterosexuals, pregnancies to 

heterosexual SMS (RR:1.25; 95%CI: 1.07, 1.47), mostly heterosexual (RR:1.23; 95%CI:1.12, 1.36), 

and bisexual (RR:1.31; 95%CI: 1.05, 1.64) participants were more likely to end in a loss. Results 

were generally similar for miscarriage compared to loss. Risk of stillbirth was elevated but not at 

statistically significant levels for bisexual participants, and low among pregnancies to mostly 

heterosexual and lesbian participants.  

In GUTS, compared to pregnancies among completely heterosexuals, pregnancies to 

mostly heterosexual (RR:1.21; 95%CI:1.03, 1.43) and bisexual (RR:2.21; 95%CI: 1.54, 3.18) 
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participants were more likely to end in a loss, but not those among heterosexual SMS (RR:1.00; 

95%CI:0.75, 1.34). Results were generally similar for miscarriage compared to loss overall. 

Stillbirth was also significantly elevated among mostly heterosexual (RR:2.33; 95%CI:1.03, 5.29) 

and lesbian (RR:13.41; 95%CI: 1.79-100.50) participants compared to completely heterosexuals, 

but confidence intervals were very wide.

Table 3.2 Relative Risk (95%Cis) of Pregnancy Loss Across Sexual Orientation1 

 
Completely 

heterosexual identity, 
sexual minority status2 

Mostly heterosexual Bisexual Lesbian 

NHS2 
Loss 1.05 (1.00, 1.11) 1.30 (1.20, 1.42) 1.35 (1.04, 1.77) 1.69 (1.40, 2.05) 

Miscarriage 1.07 (1.01, 1.14) 1.33 (1.22, 1.46) 1.32 (0.99, 1.75) 1.65 (1.34, 2.02) 
Stillbirth 0.89 (0.72, 1.10) 1.07 (0.75, 1.53) 1.63 (0.72, 3.70) 2.58 (1.46, 4.56) 

NHS3 
Loss 1.25 (1.07, 1.47) 1.23 (1.12, 1.36) 1.31 (1.05, 1.64) 1.32 (0.97, 1.80) 

Miscarriage 1.24 (1.05, 1.47) 1.26 (1.15, 1.39) 1.30 (1.03, 1.64) 1.35 (0.98, 1.85) 
Stillbirth 1.11 (0.46, 2.69) 0.54 (0.28, 1.03) 1.70 (0.66, 4.40) 0.53 (0.07, 3.80) 

GUTS 
Loss 1.00 (0.75, 1.34) 1.21 (1.03, 1.43) 2.21 (1.54, 3.18) 1.70 (0.81, 3.60) 

Miscarriage 1.02 (0.76, 1.36) 1.18 (1.00, 1.40) 2.27 (1.58, 3.27) 1.41 (0.59, 3.36) 
Stillbirth 0.63 (0.12, 3.29) 2.33 (1.03, 5.29) 1.18 (0.07, 19.78)3 13.41 (1.79, 100.50) 

Combined4 

Loss 1.07 (1.02, 1.13) 1.26 (1.19, 1.34) 1.46 (1.25, 1.70) 1.59 (1.36, 1.86) 
Miscarriage 1.09 (1.03, 1.15) 1.28 (1.21, 1.36) 1.46 (1.24, 1.71) 1.55 (1.30, 1.83) 
Stillbirth 0.90 (0.73, 1.10) 1.03 (0.77, 1.38) 1.64 (0.89, 3.00) 2.58 (1.52, 4.37) 

NHS2=Nurses’ Health Study 2; NHS3=Nurses’ Health Study 3; GUTS=Growing Up Today Study. 1Completely heterosexuals 
were used as the reference for all three cohorts. Model weights were the product of stabilized inverse probability of 
treatment weights, stabilized inverse probability of selection weights, and inverse cluster size. 2 The completely heterosexual 
with sexual minority status groups consists of those who identified as completely heterosexual or heterosexual (NHS2), and 
also report past-same-sex attractions (NHS2/NHS3), or partners (NHS2/NHS3/GUTS), or identified previously as a sexual 
minority (NHS2). 3Estimated using a Firth correction due to sparse stratum.4Results were combined using fixed effects 
meta-analysis. 

 

We combined results using fixed-effects meta-analysis. In the combined results, we 

found that compared to pregnancies among completely heterosexuals, pregnancies to 

heterosexual SMS (RR:1.07; 95%CI: 1.02, 1.13), mostly heterosexual (RR:1.26; 95%CI:1.19, 1.34), 

bisexual (RR:1.46; 95%CI: 1.25, 1.70), and lesbian (RR:1.59; 95%CI: 1.36, 1.86) participants 

were more likely to end in a loss. Results were broadly similar for miscarriage. Finally, we found 

a significantly elevated risk of stillbirth among lesbian (RR:2.58; 95%CI:1.52, 4.37) participants 

compared to completely heterosexuals.  

In secondary analyses, we considered race/ethnicity as a moderator (Table 3.3). Due to 

sparse strata, we collapsed heterosexual SMS and mostly heterosexual participants, as well as 
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bisexual and lesbian participants. In general, pregnancies to participants marginalized across 

axes of sexual orientation and race-ethnicity were the most likely to end in loss. For example, in 

the meta-analyzed results, we found that compared to pregnancies among completely 

heterosexual non-Hispanic white participants, pregnancies to bisexual or lesbian non-Hispanic 

white participants were more likely to end in a loss (RR: 1.51; 95%CI: 1.34, 1.69), and risk ratios 

were even greater for bisexual or lesbian racial/ethnic minority participants (RR:2.17; 95%CI: 

1.66, 2.85). However, we did not observe significant effect modification on the additive or 

multiplicative scales in the meta-analyzed results. Subgroup results are presented in 

Supplementary Figure 3.2, but strata were small and confidence intervals wide.  

Table 3.3 Effect Modification by Racial/Ethnic Status on Relative Risk (95%Cis) of Pregnancy Loss Across Sexual 
Orientation1 

 NHS2 NHS3 GUTS Combined 

Relative Risks Compared to Non-Hispanic White Heterosexuals 
Racial/Ethnic Minority Heterosexual 1.08 (1.02, 1.14) 1.08 (0.96, 1.21) 0.93 (0.70, 1.22) 1.07 (1.02, 1.13) 

Heterosexual Sexual Minority or Mostly Heterosexual 
Relative Risks Compared to Non-Hispanic White Heterosexuals 
Non-Hispanic White Sexual Minority 1.12 (1.07, 1.18) 1.22 (1.12, 1.33) 1.14 (0.98, 1.33) 1.15 (1.10, 1.19) 
Racial/Ethnic & Sexual Minority 1.04 (0.89, 1.22) 1.45 (1.19, 1.78) 1.33 (0.80, 2.21) 1.19 (1.05, 1.35) 
Interaction between sexual orientation and race/ethnicity 
Multiplicative Interaction 0.86 (0.72, 1.03) 1.10 (0.87, 1.40) 1.25 (0.69, 2.27) 0.95 (0.83, 1.09) 
Additive Interaction -0.16 (-0.35, 0.03) 0.15 (-0.17, 0.48) 0.26 (-0.48, 0.99) -0.07 (-0.23, 0.09) 

Bisexual or Lesbian 
Relative Risks Compared to Non-Hispanic White Heterosexuals 
Non-Hispanic White Sexual Minority 1.60 (1.37, 1.87) 1.29 (1.07, 1.56) 1.88 (1.32, 2.67) 1.51 (1.34, 1.69) 
Racial/Ethnic & Sexual Minority 0.93 (0.52, 1.69) 1.72 (1.11, 2.65) 4.27 (2.78, 6.57) 2.17 (1.66, 2.85) 
Interaction between sexual orientation and race/ethnicity 
Multiplicative Interaction 0.54 (0.29, 1.00)  1.23 (0.76, 2.00) 2.45 (1.32, 4.55) 1.19 (0.86, 1.64) 
Additive Interaction -0.75 (-1.36, -0.14) 0.35 (-0.45, 1.14) 2.47 (0.51, 4.42) -0.18 (-0.65, 0.29) 

NHS2=Nurses’ Health Study 2; NHS3=Nurses’ Health Study 3; GUTS=Growing Up Today Study. 1Completely heterosexuals 
were used as the reference for all three cohorts. Model weights were the product of v-stabilized inverse probability of treatment 
weights, stabilized inverse probability of selection weights, and inverse cluster size.2 The completely heterosexual with sexual 
minority status groups consists of those who identified as completely heterosexual or heterosexual (NHS2), and also report past-
same-sex attractions (NHS2/NHS3), or partners (NHS2/NHS3/GUTS), or identified previously as a sexual minority (NHS2). 
3Estimated using a Firth correction due to sparse stratum.4Results were combined using fixed effects meta-analysis. 

 

Results were broadly consistent across sensitivity analyses. Using sexual orientation 

closest to pregnancy in NHS2 associations were slightly stronger (Supplementary Table 3.8), 

results were similar between completely heterosexuals and among heterosexuals missing 2017 

data (Supplementary Table 3.9), using sexual orientation prior to pregnancy in GUTS results 

were slightly attenuated for lesbians (Supplementary Table 3.10), similar in complete case 
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analyses (Supplementary Table 3.12), and slightly attenuated in crude analyses (Supplementary 

Table 3.12). 

3.5 Discussion 

Principal Findings 

We found an elevated risk of pregnancy loss broadly, and miscarriage specifically, among 

all sexual minority subgroups as well as a substantially elevated risk of stillbirth among 

pregnancies to lesbian participants in this study. These findings are broadly consistent with the 

two studies that have assessed sexual orientation disparities in pregnancy loss, both of which 

used the National Survey of Family Growth.45,152 

Both Everett et al. and Barcelona et al. found a slightly stronger odds and risk, 

respectively, of miscarriage among heterosexual women who have had sex with women 

(OR:1.43, 95%CI:1.08, 1.91; RR:1.18; 95%CI:0.97, 1.42, respectively) compared to heterosexual 

women who have only had sex with me, than we found among our heterosexual SMS status 

subgroup (RR:1.09; 95%CI: 1.03, 1.15). However, the NSFG does not allow participants to 

distinguish between “mostly” and “completely” heterosexual sexual orientation identities, so this 

difference may be attributable to different sexual orientation measurements. Similar to our 

study, neither Barcelona nor Everett found significant differences in the odds and risk of 

stillbirth among heterosexual women who have had sex with a woman. However, their point 

estimates were of substantially larger magnitude than ours (RR:1.20; 95%CI:0.84, 1.75; 

OR:1.96, 95%CI:0.80, 4.79). Both studies also found an elevated risk of miscarriage and 

stillbirth among bisexual and lesbian women, compared to our study (although the risk ratio for 

stillbirth was nonsignificant for lesbians in Barcelona’s study).  

Additionally, in our secondary analyses, we generally found that the risk of pregnancy 

loss was greatest among pregnancies to people who were marginalized across both 
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race/ethnicity and sexual orientation, but there was heterogeneity between subgroups. 

Nonetheless, we did not have consistent significant evidence of effect modification on either the 

additive or multiplicative scale. This is in contrast to previous research, which has shown that 

race and ethnicity modify the association between sexual orientation and sexual and 

reproductive health outcomes such as unintended pregnancy,40,172 contraceptive care,173 cervical 

cancer screening,174 perinatal smoking,41 preterm birth,175 and maternal hypertension,176 but not 

birthweight.175 However, our sample was predominantly non-Hispanic white, and we had very 

few pregnancies among people who were both sexual minority people and racial ethnic 

minorities—substantially greater sample sizes are needed to detect interactions than main 

effects. Inclusion of sexual orientation identity measurements in administrative data collection, 

such as birth certificates, electronic medical records, or the Pregnancy Risk Assessment 

Monitoring System, could enable future research in this area.  

Interpretation  

While pregnancy loss can be a greatly impactful experience for pregnant people and their 

families,177 it may be particularly challenging for SGM people. In two qualitative studies of SGM 

people who had experienced a pregnancy loss, researchers found that that the additional effort, 

intentional planning, and the high financial burden to conceive exacerbated people’s profound 

sense of loss after a miscarriage or stillbirth.25,178 Participants also reported that they 

experienced heterosexist stigma and discrimination from healthcare providers during the loss, 

ranging from the invisibilizing assumption that the pregnant person was cisgender and 

heterosexual, to asking the non-birthing parent to leave the room or failing to understand that 

the non-birthing parent was also experiencing grief at the loss of their child.25  

Given that pregnancy loss is the most common pregnancy complication, can have deeply 

profound impacts on the wellbeing of parents, and the striking disparities across sexual 

orientation we have documented, it is essential that future research identifies why pregnancies 
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to sexual minority parents are more likely to end in a loss. We hypothesize that these disparities 

can be traced back to structural stigma, i.e., heterosexist institutional policies, social norms, and 

societal conditions, which shape interpersonal stigma and discrimination, internalizing 

processes, and health.18 For example, a systematic review of 37 studies examining preconception 

and perinatal care among sexual and gender minority people found that this population 

reported heterosexist and cissexist stigma and discrimination as well as inadequate provider 

knowledge and training about their specific perinatal health needs.27 In addition to causing 

stress, this mistreatment reduced patient-provider trust and created an additional burden of 

self-advocacy for sexual and gender minority families. Further, stress is a known risk factor for 

adverse pregnancy outcomes, including miscarriage and stillbirth, and is thought to operate 

through pathways such as inflammation, neuroendocrine changes, and coping behaviors (e.g., 

smoking, caffeine, poor diet).179–181 This is consistent with minority stress theory5,6 and the 

weathering hypothesis,154 both of which posit that chronic stress causes premature aging at the 

cellular level.  

Even more proximal risk factors for pregnancy loss include maternal factors (e.g., 

advanced maternal age, low maternal educational attainment), pre-pregnancy health (e.g., 

smoking, chronic hypertension, pregestational diabetes, autoimmune disease, and obesity), as 

well as perinatal factors (e.g., medically assisted reproduction, late prenatal care, nulliparity, 

placental abruption, preeclampsia, spontaneous preterm birth, small for gestational 

age).112,177,182–184 Prior research has found that sexual minority pregnant people are more likely to 

experience a variety of these risk factors including advanced maternal age,36,37 perinatal tobacco 

use,41–43 poor preconception health,31 unmet health care needs,32 multi-fetal gestation,37 

macrosomia,36 low birthweight,45 and preterm birth,45 among others.  

Use of medically assisted reproduction (MAR) merits special consideration in this 

context. MAR is associated with pregnancy loss, as well as various risk factors for pregnancy loss 
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such as gestational diabetes, gestational hypertension, pregnancy complications, and multiple 

gestation.111,112,183,185 However, while use of MAR is associated with worse outcomes among 

heterosexual women, it is not clear if this pattern holds among sexual minority women. 

Different-sex couples may be accessing MAR because of physiological infertility or subfertility 

that has precluded the couple from conceiving spontaneously. By contrast, same-sex couples 

may seek MAR because they lack access to both sets of gametes necessary for a pregnancy (i.e., 

egg and sperm; sometimes termed social infertility). Indeed, studies of patients undergoing 

intrauterine insemination at fertility clinics have found that lesbian women have similar or 

better pregnancy outcomes including a lower risk of miscarriage and higher cumulative clinical 

pregnancy and live birth rates.129–131 Another study using birth certificate data from 

Massachusetts found that use of assisted reproductive technology (ART) was associated with 

adverse perinatal outcomes only for different-sex couples, but not same-sex couples.36 This is 

consistent with our hypothesis that the adverse pregnancy outcomes seen with those who use 

ART are partially attributable to the sub-fertility or infertility among heterosexual people. 

Therefore, future mediation analyses considering MAR (broadly) or ART (specifically) as a 

mediator between sexual orientation and adverse pregnancy outcomes should allow for 

exposure-moderator interaction.  

Limitations of the Data 

Our study has several potential limitations. For example, 93% of all pregnancies in this 

study were to people who identified as non-Hispanic white. While our overall sample size was 

large, and this translates into a substantial number of racial/ethnic minority participants, we 

had very few participants at the intersections of several sexual orientation and racial/ethnic 

subgroups which precluded us from conducting an effect modification analysis within fully 

disaggregated sexual orientation and racial ethnic subgroups. Additionally, these three cohorts 

are comprised of participants who are generally well-educated and health conscious. If these 
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factors modify the association between sexual orientation and pregnancy loss, our estimates 

may not generalize to a more socioeconomically diverse cohort and may even underestimate the 

true disparity in the broader American population.  

We also relied on self-reported pregnancy loss. Not only has the detection of early 

pregnancy loss improved over time, but sexual minority women may also be disproportionately 

likely to detect an early pregnancy loss because they are more likely to be using MAR and 

carefully tracking their conception process. Further, there has been a consistent increase in the 

reporting of early pregnancy loss over time.186 Because the proportion of the population 

identifying as a sexual minority is increasing over time, it is possible that this could induce 

selection bias and lead us to overestimate the disparity in early loss. However, this mechanism is 

more likely to impact same-sex couples and is unlikely to explain the differences in miscarriage 

between mostly heterosexuals and completely heterosexuals or disparities in stillbirth. 

Finally, while we conceive sexual orientation as an innate characteristic of a person, self-

identification as a sexual minority can change over the life course.85 For the NHS2 cohort, our 

primary analysis used a sexual orientation measurement that occurred years after all reported 

pregnancies because the cohort did not adopt a multidimensional measure of sexual orientation 

until 2017. In GUTS and NHS3, we used the sexual orientation closest to pregnancy, but many 

pregnancies occurred prior to participants’ first report of sexual orientation. However, results 

were consistent when we used the 1995 and 2009 sexual orientation measurement in NHS2 and 

when we restricted to pregnancies with sexual orientation data prior to pregnancy in GUTS.  

Strengths of the Study 

Our study has several strengths. First, we used three large longitudinal cohorts with 

participants from across the US. Our large sample allowed us to disaggregate sexual minority 

subgroups that have been collapsed or omitted in previous research on sexual minority 
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reproductive health as well as disaggregate pregnancy loss before and after 20 weeks (i.e., 

miscarriage and stillbirth).  

Additionally, we had nuanced, multi-dimensional measures of sexual orientation in all 

three cohorts. This further enabled us to disaggregate individuals who identified as “mostly” 

heterosexual or reported same-sex attraction or same-sex sexual contact from our “completely” 

heterosexual reference group. While measures of sexual orientation, including the measures 

recently recommended by the National Academies of Sciences, Engineering, and Medicine50 do 

not include a response option for these groups, prior research has shown that individuals who 

identify as mostly heterosexual and heterosexual with same-sex attraction or contact differ from 

both completely heterosexuals as well as bisexual and lesbian/gay people in a health behaviors 

and health outcomes.72,73,75 In the present analysis, we found that pregnancies to mostly 

heterosexual participants were more likely to end in a pregnancy loss. This provides further 

evidence that future research on sexual orientation health disparities should disaggregate this 

group from the reference. This is a unique population that may experience unique forms of 

structural, interpersonal, intrapersonal, stigma and discrimination, shaping both their identity 

development, behavior, and health.38 Not only is it inherently worthwhile to understand the 

health of this large population of individuals who straddle heterosexual and sexual minority 

status, aggregating them with either group (i.e., completely heterosexual or bisexual/lesbian 

people) could obscure disparities.  

Additionally, we used inverse probability weighting to address potential confounding by 

social origin. We did not adjust for potential mediators, which prevents the estimation of total 

disparities and can induce collider stratification bias, ergo violating the necessary assumptions 

of mediation analyses and preventing the estimation of meaningful natural effects.121,122 We also 

used inverse probability of selection weighting to account for potential bias due to competing 

events such as ectopic pregnancy and induced abortion. This is important as ignoring earlier 
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losses or other pregnancy outcomes can lead to a depletion of susceptible and induce selection 

bias.187  

Conclusions 

In conclusion, we found that pregnancies to sexual minority birthing people were 

significantly more likely to end in a loss, including miscarriage or stillbirth. We hypothesize that 

these disparities are driven by structural stigma, which in turns operates through complex 

pathways such as health care discrimination, stress, and adverse perinatal health. Future 

research should explicitly assess how structural stigma moderates these disparities as well as 

evaluate potential mediation by perinatal factors to inform interventions to reduce these 

disparities. 

3.6 Supplementary Materials 
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Supplementary Table 3.4 Sexual Orientation Questions in NHS2, NHS3, and GUTS 

Cohort Sexual 
orientation 
dimension 

Survey Question 

N
H

S
2

 

Identity 1995, 2009 Whether or not you are currently sexually active, what is your sexual orientation or 
identity? 

○ Heterosexual ○ Lesbian, gay, or homosexual ○ Bisexual ○ None of these ○ Prefer 
not to answer 

Identity 2017 Which one of the following best describes your feelings? 

○ Completely heterosexual (attracted to persons of the opposite sex) ○ Mostly 
heterosexual ○ Bisexual (equally attracted to men and women) ○ Mostly 
homosexual ○ Completely homosexual (gay/lesbian, attracted to persons of the 
same sex) ○ Not sure 

Prior identity 2017 During your life, have you ever identified yourself as mostly heterosexual, bisexual, or 
lesbian or gay? 

○ No ○ Yes 
Lifetime 
contact 

2017 During your life, the person(s) with whom you have had sexual contact is (are): 

○ Male(s) ○ Female(s) ○Female(s) and male(s) ○ I have not had sexual contact 
with anyone 

Same-sex 
attraction 

2017 During your life, have you ever been sexually attracted to females? 

○ No ○ Yes 

N
H

S
3

 

Identity Module 5, 
Module 10, 
Module 13 

Which one of the following best describes your feelings? 

○ Completely heterosexual (attracted to persons of the opposite sex) ○ Mostly 
heterosexual ○ Bisexual (equally attracted to men and women) ○ Mostly 
homosexual ○ Completely homosexual (gay/lesbian, attracted to persons of the 
same sex) ○ Not sure 

Lifetime 
contact 

Module 5 During your life, the person(s) with whom you have had sexual contact (however you 
define it) is (are): 

○ I have not had sexual contact with anyone ○ Female(s) ○ Male(s) ○ Female(s) 
and male(s) 

Lifetime 
same-sex 
contact 

Module 10, 
Module 13 

During your LIFETIME, have you EVER had sexual contact with a FEMALE? 

○ No ○ Yes 

Same-sex 
attraction 

Module 5, 
Module 10, 
Module 13 

Many NHS3 participants have told us they have felt sexually attracted to other females. 
During your LIFETIME, have you EVER been sexually attracted to FEMALES? 

○ No ○ Yes 

G
U

T
S

 

Identity GUTS1: 1999, 
2001, 2003, 
2005, 2007, 
2010; GUTS2: 
2008, 2011; 
GUTS: 2013, 
2014, 2015, 
2016, 2019 

Which one of the following best describes your feelings? 

○ Completely heterosexual (attracted to persons of the opposite sex) ○ Mostly 
heterosexual ○ Bisexual (equally attracted to men and women) ○ Mostly 
homosexual ○ Completely homosexual (gay/lesbian, attracted to persons of the 
same sex) ○ Not sure 

Lifetime 
contact 

GUTS1: 2001, 
2003, 2005, 
2007; GUTS2: 
2008, 2011 

During your life, the person(s) with whom you have had sexual contact is (are): 

During your life, the person(s) with whom you have had sexual contact (however you 
define it) is/are: 

○ I have not had sexual contact with anyone ○ Female(s) ○ Male(s) ○ Female(s) 
and male(s) 

Lifetime 
same-sex 
contact 

GUTS1: 2010 During your LIFETIME, have you EVER had sexual contact with a FEMALE? 

○ No ○ Yes 

Past year 
contact 

GUTS: 2013, 
2014, 2015, 
2016, 2019 

In the past 12 months, the person(s) with whom you have had sexual contact (however 
you define it) is (are): 

In the PAST 12 MONTHS, the person(s) with whom you have had sexual contact is 
(are): 

In the past year, the person(s) with whom you have had sexual contact (however you 
define it) is (are): 

○ I have not had sexual contact with anyone ○ Female(s) ○ Male(s) ○ Female(s) 
and male(s) 
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Supplementary Table 3.8 Relative Risk (95%Cis)1 of Pregnancy Loss Across Sexual Orientation Closest to 
Pregnancy Among NHS2 

 Bisexual Lesbian 
Loss 1.54 (1.20, 1.98) 1.74 (1.39, 2.18) 

Miscarriage 1.50 (1.14, 1.96) 1.69 (1.32, 2.16) 
Stillbirth 2.17 (0.95, 4.95) 2.70 (1.30, 5.58) 

NHS2=Nurses’ Health Study 2; 1Model weights were the product 
of stabilized inverse probability of treatment weights, stabilized 
inverse probability of selection weights, and inverse cluster size. 

 

 

Supplementary Table 3.9 Relative Risk (95%Cis)1 of Pregnancy Loss Across Heterosexuals with Missing 2017 
Attraction, Identity, or Behavior Among NHS2 

 

Completely 

Heterosexual in 

2017, missing 

attraction, behavior, 

or prior identity 

Heterosexual in 1995 

or 2009 missing 

2017 questionnaire 

Loss 0.96 (0.90, 1.02) 1.00 (0.97, 1.04) 
Miscarriage 0.95 (0.89, 1.02) 0.99 (0.95, 1.02) 
Stillbirth 1.06 (0.84, 1.33) 1.16 (1.03, 1.32) 

NHS2=Nurses’ Health Study 2; 1 Completely heterosexuals with 
no same-sex attraction, behavior, or prior identity were used as 
the reference . Model weights were the product of stabilized 
inverse probability of treatment weights, stabilized inverse 
probability of selection weights, and inverse cluster size. 

 
 

Supplementary Table 3.10 Relative Risk (95%Cis 1 of Pregnancy Loss Across Sexual Orientation Prior to 
Pregnancy Among GUTS 

 
Completely heterosexual 
identity, sexual minority 

status2 

Mostly heterosexual Bisexual Lesbian 

Loss 1.04 (0.76, 1.41) 1.21 (1.03, 1.41) 2.07 (1.45, 2.96) 1.28 (0.61, 2.65) 
Miscarriage 1.04 (0.77, 1.42) 1.17 (0.99, 1.38) 2.13 (1.49, 3.04) 1.10 (0.48, 2.50) 
Stillbirth 0.87 (0.16, 4.64) 2.68 (1.22, 5.89) 1.18 (0.07, 19.85)3 8.24 (0.96, 70.58) 

GUTS=Growing Up Today Study. 1Completely heterosexuals were used as the reference. Model weights were the product of 
stabilized inverse probability of treatment weights, stabilized inverse probability of selection weights, and inverse cluster size. 2 

The completely heterosexual with sexual minority status groups consists of those who identified as completely heterosexual 
and also report past-same-sex partners. 3Estimated using a Firth correction due to sparse stratum.4Results were combined 
using fixed effects meta-analysis. 
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Supplementary Table 3.11 Relative Risk (95%Cis) of Pregnancy Loss Across Sexual Orientation1 Using Complete 
Case Datasets 

 
Completely 

heterosexual identity, 
sexual minority status2 

Mostly heterosexual Bisexual Lesbian 

NHS2 
Loss 1.07 (1.00, 1.14) 1.32 (1.20, 1.45) 1.36 (1.00, 1.84) 1.70 (1.36, 2.11) 

Miscarriage 1.08 (1.01, 1.16) 1.34 (1.22, 1.48) 1.37 (0.99, 1.90) 1.63 (1.28, 2.07) 
Stillbirth 0.87 (0.68, 1.12) 1.18 (0.82, 1.70) 0.95 (0.38, 2.38) 2.79 (1.58, 4.94) 

NHS3 
Loss 1.36 (1.13, 1.63) 1.29 (1.16, 1.43) 1.39 (1.04, 1.86) 1.68 (1.18, 2.39) 

Miscarriage 1.36 (1.13, 1.64) 1.32 (1.19, 1.47) 1.36 (1.00, 1.84) 1.71 (1.20, 2.44) 
Stillbirth 1.21 (0.40, 3.62) 0.23 (0.07, 0.74) 2.95 (0.87, 10.03) 0.96 (0.13, 6.79) 

GUTS 
Loss 0.90 (0.62, 1.29) 1.25 (1.03, 1.51) 2.34 (1.48, 3.69) 1.13 (0.46, 2.77) 

Miscarriage 0.92 (0.64, 1.33) 1.21 (0.99, 1.47) 2.41 (1.53, 3.79) 1.16 (0.47, 2.85) 
Stillbirth 0.40 (0.02, 6.71)3 2.65 (1.10, 6.39) 1.57 (0.09, 26.88)3 5.59 (0.3, 104.19)3 

Combined4 

Loss 1.09 (1.03, 1.15) 1.30 (1.22, 1.39) 1.51 (1.25, 1.83) 1.66 (1.39, 2.00) 
Miscarriage 1.11 (1.04, 1.18) 1.32 (1.23, 1.41) 1.52 (1.25, 1.86) 1.62 (1.34, 1.97) 
Stillbirth 0.88 (0.69, 1.12) 1.16 (0.84, 1.61) 1.44 (0.71, 2.92) 2.64 (1.54, 4.52) 

NHS2=Nurses’ Health Study 2; NHS3=Nurses’ Health Study 3; GUTS=Growing Up Today Study. 1Completely heterosexuals 
were used as the reference for all three cohorts. Model weights were the product of stabilized inverse probability of 
treatment weights, stabilized inverse probability of selection weights, and inverse cluster size. 2 The completely heterosexual 
with sexual minority status groups consists of those who identified as completely heterosexual or heterosexual (NHS2), and 
also report past-same-sex attractions (NHS2/NHS3), or partners (NHS2/NHS3/GUTS), or identified previously as a sexual 
minority (NHS2). 3Estimated using a Firth correction due to sparse stratum.4Results were combined using fixed effects 
meta-analysis. 

Supplementary Table 3.12 Crude relative risk (95%CIs) of pregnancy loss across sexual orientation1 

 
Completely 

heterosexual identity, 
sexual minority status2 

Mostly heterosexual Bisexual Lesbian 

NHS2 
Loss 1.04 (0.99, 1.09) 1.29 (1.20, 1.38) 1.31 (1.09, 1.59) 1.42 (1.22, 1.66) 

Miscarriage 1.04 (0.99, 1.10) 1.32 (1.23, 1.41) 1.27 (1.04, 1.56) 1.35 (1.15, 1.60) 
Stillbirth 1.00 (0.83, 1.21) 1.04 (0.75, 1.43) 2.04 (1.07, 3.89) 2.57 (1.59, 4.17) 

NHS3 
Loss 1.13 (1.00, 1.27)  1.19 (1.11, 1.29) 1.20 (1.00, 1.44) 1.18 (0.92, 1.51) 

Miscarriage 1.13 (1.00, 1.28)  1.22 (1.13, 1.32) 1.18 (0.98, 1.42) 1.21 (0.94, 1.55) 
Stillbirth 0.69 (0.31, 1.54) 0.47 (0.26, 0.87) 1.86 (0.8, 4.31) 0.6 (0.09, 4.21) 

GUTS 
Loss 1.08 (0.86, 1.36) 1.12 (0.98, 1.28) 1.57 (1.18, 2.1) 1.9 (1.26, 2.86) 

Miscarriage 1.08 (0.87, 1.36) 1.10 (0.96, 1.26) 1.62 (1.21, 2.17) 1.78 (1.11, 2.86) 
Stillbirth 0.98 (0.24, 4.01) 2.02 (1.00, 4.08) 0.84 (0.05, 14.05) 7.32 (1.14, 47.07) 

Combined4 

Loss 1.05 (1.01, 1.10) 1.23 (1.17, 1.29) 1.30 (1.15, 1.47) 1.40 (1.23, 1.58) 
Miscarriage 1.06 (1.01, 1.11) 1.25 (1.19, 1.31) 1.28 (1.14, 1.45) 1.34 (1.17, 1.53) 
Stillbirth 0.98 (0.82, 1.18) 0.98 (0.76, 1.28) 1.92 (1.16, 3.17)3 2.53 (1.60, 3.98) 

NHS2=Nurses’ Health Study 2; NHS3=Nurses’ Health Study 3; GUTS=Growing Up Today Study. 1Completely heterosexuals 
were used as the reference for all three cohorts. 2 The completely heterosexual with sexual minority status groups consists of 
those who identified as completely heterosexual or heterosexual (NHS2), and also report past-same-sex attractions 
(NHS2/NHS3), or partners (NHS2/NHS3/GUTS), or identified previously as a sexual minority (NHS2). 3Estimated using a 
Firth correction due to sparse stratum.4Results were combined using fixed effects meta-analysis. 
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Supplementary Figure 3.2 Subgroup analyses on effect modification by racial/ethnic status on relative risk 
(95%CIs) of pregnancy loss across sexual orientation 
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