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Misclassification of Sex Assigned at Birth in the Behavioral
Risk Factor Surveillance System and Transgender
Reproductive Health

A Quantitative Bias Analysis

Diana Tordoff;* Michele Andrasik,>* and Anjum Hajaf*

Background: National surveys based on probability sampling meth-
ods, such as the Behavioral Risk Factor and Surveillance System
(BRFSS), are crucial tools for unbiased estimates of health dispari-
ties. In 2014, the BRFSS began offering a module to capture trans-
gender and gender nonconforming identity. Although the BRFSS
provides much needed data on the this population, these respondents
are vulnerable to misclassification of sex assigned at birth.
Methods: We applied quantitative bias analysis to explore the mag-
nitude and direction of the systematic bias present as a result of this
misclassification. We use multivariate Poisson regression with robust
standard errors to estimate the association between gender and four
sex-specific outcomes: prostate-specific antigen testing, Pap testing,
hysterectomy, and pregnancy. We applied single and multiple impu-
tation methods, and probabilistic adjustments to explore bias present
in these estimates.

Results: Combined BRFSS data from 2014, 2015, and 2016 in-
cluded 1078 transgender women, 701 transgender men, and 450
gender nonconforming individuals. Sex assigned at birth was mis-
classified among 29.6% of transgender women and 30.2% of trans-
gender men. Transgender and gender nonconforming individuals
excluded due to sex-based skip patterns are demographically dis-
tinct from those who were asked reproductive health questions,
suggesting that there is noteworthy selection bias present in the
data. Estimates for gender nonconforming respondents are vulner-
able to small degrees of bias, while estimates for cancer screenings
among transgender women and men are more robust to moderate
degrees of bias.
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Conclusion: Our results demonstrate that the BRFSS methodology
introduces substantial uncertainty into reproductive health measures,
which could bias population-based estimates. These findings em-
phasize the importance of implementing validated sex and gender
questions in health surveillance surveys. See video abstract at, http://
links.lww.com/EDE/B562.

Keywords: Gender minority; Gender nonconforming; Misclassifica-
tion; Multiple imputation; Quantitative bias analysis; Reproductive
health; Selection bias; Transgender

(Epidemiology 2019;30: 669-678)

N ational surveys based on probability sampling methods,
such as the Behavioral Risk Factor and Surveillance
System (BRFSS), are crucial tools in accurately measuring
health disparities among transgender and gender noncon-
forming populations.'= Until recently, nationally representa-
tive survey data have not included gender identity questions.*
Consequently, the majority of existing studies on transgender
health rely on non-representative community and clinical
samples.'” Beginning in 2014, the BRFSS began offering a
module of sexual orientation and gender identity that each
state could optionally include, and a growing number of stud-
ies have used these data to investigate transgender and gender
nonconforming populations and health disparities.'-*1?
Although the BRFSS provides much-needed data on
transgender populations, it is vulnerable to misclassification
of sex assigned at birth among transgender respondents.'3!4
Transgender and gender nonconforming people have a gender
identity that differs from the sex they were assigned at birth, and
includes gender nonconforming individuals who do not iden-
tify with binary gender categories (e.g., “man” and “woman”).
Validated trans-inclusive measures of sex and gender there-
fore recommend asking two questions to separately ascertain
an individual’s sex assigned at birth and current gender (the
“two-step” methodology).!*!> The use of the two-step question
is endorsed by the Institute of Medicine, The Williams Insti-
tute, Fenway Health, and the “Meaningful Use” guidelines pub-
lished by the Department of Health and Human Services.!®"?
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However, no health surveillance surveys to date, including the
BRFSS, have adopted the recommended two-step method-
ology."” The BRFSS ascertains sex assigned at birth based on
the sound of the participant’s voice and through questions that
conflate sex and gender (eAppendix 1A; http://links.lww.com/
EDE/B542). As a result, a previous study found that the BRFSS
misclassified sex assigned at birth in 30% of individuals who
self-identified as transgender or gender nonconforming through
the sexual orientation and gender identity module.'*
Additionally, the BRFSS makes binary cisnormative
assumptions (i.e., that all respondents are cisgender) regarding
anatomy, implemented in their protocol as skip patterns based
on BRFSS designated sex. Subsequently, a large portion of
transgender and gender nonconforming respondents are pre-
cluded from answering questions related to their reproductive
health (Figure). Current guidelines for cancer screening and
primary healthcare for transgender and gender nonconforming
people recommend an organ-based approach, providing care
for an individual based on their anatomical structures.?’ Thus, a
transgender man may still retain a uterus and cervix. If he was
designated as male by the current BRFSS methodology, then as
a result of skip patterns, this person would not be asked ques-
tions relevant to his health, such as Papanicolau (Pap) testing and
pregnancy. Similarly, a transgender woman would be precluded
from questions about prostate-specific antigen (PSA) testing if
she was designated female by the BRFSS methodology. How-
ever, sex assigned at birth is an imperfect proxy for an individu-
al’s current anatomy as some, but not all, transgender individuals
have a history of gender affirming surgical interventions.?!

Consequently, it is likely that the BRFSS does not adequately
capture rates of screening or the prevalence of other reproductive
health outcomes among transgender and gender nonconforming
individuals due to conflicting and missing data. Despite these
limitations, no studies examine the impact of these biases on
assessing transgender reproductive health.'!:1?

Quantitative bias analysis is a method of modeling
systematic, or nonrandom error, that can bias the results of
epidemiologic research, including issues of misclassifica-
tion, missing data, and selection bias.?>?* This study applied
multiple bias modeling methods to explore the influence of
missing data that results from inappropriately excluding indi-
viduals as a result of misclassified sex assigned at birth. We
quantified the magnitude and directionality of the bias on the
estimated association between gender and four outcomes re-
lated to specific reproductive anatomy: PSA testing, Pap test-
ing, pregnancy, and history of a hysterectomy.

METHODS

Data

Data for this study are from the 2014, 2015, and 2016
BRFSS, a state-based system of telephone health surveys
overseen by the Centers for Disease Control and Prevention.
Eligible participants are non-institutionalized adults aged 18
or over who live in the United States. The BRFSS uses com-
plex probability sampling so that data are collected from a
representative sample within each state.>* All analyses used
pooled, weighted data from all states that participated in the
sexual orientation and gender identity module (20 states in
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FIGURE. Schematic of sex-based skip patterns in the BRFSS.
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2014, 21 1in 2015, and 26 in 2016; eAppendix 1 A; http://links.
Iww.com/EDE/B542). This research was deemed to be ex-
empt from human subjects research status by the University
of Washington Institutional Review Board.

Measures

The BRFSS protocol designates a binary sex variable
(male, female), (1) based on the sound of the respondent’s
voice, (2) during eligibility screening and household enumer-
ation, or (3) through demographic questions (eAppendix 1A;
http://links.lww.com/EDE/B542). The interview script does
not distinguish between sex assigned at birth and gender iden-
tity, for example, conflating individuals who are men with
male sex assigned at birth.'* Therefore, this measure, which
we will refer to as the BRFSS designated sex, is not a valid or
reliable measure of sex assigned at birth among transgender
respondents. Transgender and gender nonconforming identity
were ascertained through the sexual orientation and gender
identity module, which asks “Do you consider yourself to be
transgender?” Individuals who responded no are considered
cisgender. Individuals who identified as transgender, male-to-
female are further referred to as transgender women, and we
assumed that their sex assigned at birth was male, regardless
of how their sex was designated in the BRFSS data. Similarly,
individuals who identified as transgender, female-to-male
are further referred to as transgender men, and we assumed
that their sex assigned at birth was female. We are unable to
infer the sex assigned at birth of individuals who identified as
gender nonconforming. Individuals who responded as don 't
know/not sure or refused are excluded from all analyses.

We considered four reproductive health outcomes that
are subject to skip patterns based on BRFSS designated sex
(e.g., sex-specific outcomes): lifetime PSA testing, lifetime
Pap testing, history of hysterectomy, and currently pregnant.
We compared the prevalence of never having had a PSA or Pap
test, to ever having had a test, and compared the prevalence of
having had a hysterectomy to not having had one, and currently
being pregnant to not currently pregnant. We also considered
demographic characteristics and measures of healthcare access
including: age (5-year strata), race/ethnicity (White, Black,
American Indian/Alaska Native, Asian, Native Hawaiian/Pa-
cific Islander, Hispanic, multiracial), partnership status (mar-
ried or living with a partner, separated/divorced/widowed, or
never married), sexual orientation (straight, lesbian or gay, bi-
sexual, other), socioeconomic status (measured by unemploy-
ment status, annual income, and educational attainment), and
self-reported poor health. Healthcare access was measured by
three variables: lack of health insurance, no primary healthcare
provider, and inability to see a doctor due to cost within the last
year (eAppendix 1B; http://links.lww.com/EDE/B542).

Analysis

This study aimed to quantify the bias in the association
between transgender and gender nonconforming identity and
four outcomes vulnerable to misclassification of sex assigned

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

at birth. We first estimated the association as observed in the
data using complete cases analysis. We used weighted Poisson
regression with robust standard errors and BRFSS developed
sampling weights to estimate crude and adjusted prevalence
ratios (PRs) for each outcome. The analytic model for never
having had a PSA test compared transgender women and
gender nonconforming individuals to cisgender men. The an-
alytic models for currently being pregnant, having had a hys-
terectomy, and never having a Pap test compared transgender
men and gender nonconforming individuals to cisgender
women. Age, race/ethnicity, and partnership status were iden-
tified a priori as confounders, and were included in the model
as covariates. Socioeconomic status, general health status, and
healthcare coverage are identified a priori as either potential
confounders or mediators; therefore, they were included as
covariates in the primary analytic model. We conducted sensi-
tivity analyses that compared the fully adjusted analytic model
to a minimally adjusted analytic model that only included age,
race, and partnership status (eAppendix 3; http://links.lww.
com/EDE/B542). The fully adjusted model is presented as the
primary analysis. We provide counts and survey weighted pro-
portions of these health outcomes by gender, as well as dem-
ographic characteristics of respondents by BRFSS designated
sex (eAppendix 2; http://links.lww.com/EDE/B542).

Bias Modeling

The above approach accounts for random error, in the
form of estimated robust standard errors and confidence inter-
vals (Cls), and also adjusts for systematic bias in that we have
controlled for several confounders in the multivariate analy-
ses. However, it fails to account for systematic bias that results
from the misclassification of sex assigned at birth and any
residual confounding that may be present. This is addressed
through bias modeling, which assessed how nonrandom bias
impacts uncertainty in the associations found in the complete-
case analysis.

Misclassification and subsequent skip patterns based
on BRFSS designated sex result in missing data and non-
representative samples of transgender and gender noncon-
forming individuals asked questions related to specific
reproductive anatomy (e.g., the uterus, cervix, and pros-
tate).!* This has two consequences: First, transgender indi-
viduals are asked questions not relevant to their anatomy
(cell C in Table 1), resulting in an inflation of no, I don't
know, and refused responses. Second, individuals who may
retain anatomical structures (e.g., a uterus) relevant to a
question (e.g., hysterectomy), are excluded from the sample
(cell D in Table 1). For the purposes of bias modeling, we
used sex assigned at birth as an imperfect proxy for anatom-
ical structures.!> We assumed individuals assigned male at
birth do not experience pregnancy or hysterectomy, and are
not eligible for cervical Pap testing. We similarly assumed
that individuals assigned female at birth do not have a pros-
tate and are not eligible for PSA testing.
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TABLE 1.

Misclassification of Sex Assigned at Birth and the Subsequent Transgender and Gender Nonconforming Respondents

Who Were Asked and Precluded from Reproductive Health Questions

Asked Sex-specific Questions

Not Asked Sex-specific Questions

Sex assigned at birth does match BRFSS
designated sex in the sample
Sex assigned at birth does not match

BREFSS designated sex in the sample

(A) TGNC respondents are correctly included

(C) TGNC respondents are incorrectly included

(B) TGNC respondents are correctly excluded from
the sample

(D) TGNC respondents are incorrectly excluded
from the sample

TGNC, transgender and gender nonconforming.

We compared two approaches to multiple bias mod-
eling (Table 2). We first considered a selection bias model.
This approach benefits from its simplicity but does not in-
corporate the known demographic and health information
of the 30% of transgender individuals who were excluded.
Therefore, we considered a second modeling approach that
relies on imputation methods. Both models implemented bias
adjustments in two discrete steps: Record level adjustments
were performed first, after which we estimated record-level
adjusted PR using the same analytic multivariate Poisson
model specified above. Last, we conducted summary-level
probabilistic adjustments using Monte Carlo methods and
estimated bias-adjusted PRs that combine both systematic
bias and random errors.?

Approach One

The directed acyclic graph (DAG) in Table 2 dem-
onstrates how the reproductive health outcomes depend on
BRFSS designated sex through inclusion in the subsample
of respondents asked sex-specific questions. At the record-
level, we excluded individuals who are incorrectly included
in the sample. We were unable to infer the sex-assigned a
birth for gender nonconforming individuals. Therefore, we
conducted a probabilistic adjustment using Monte Carlo
methods (1000 randomly sampled scenarios) to exclude a
random subset of gender nonconforming individuals who
responded as no, I don 't know, or refused, under the assump-
tion that they are individuals for whom the sex-specific
questions were not anatomically relevant. We assumed mis-
classification occurs at a rate similar to what is observed
among transgender men and women, that is, 30% as per
Riley et al.'*

We then performed a summary-level selection bias
adjustment to account for transgender and gender noncon-
forming respondents incorrectly excluded from sex-specific
questions. The estimated PR is multiplied by a bias adjust-
ment factor, the selection bias odds ratio OR . We defined

the PR adjusted for systematic bias as PR, = 1;1\{><ORselea.23
In the absence of literature to inform the direction or degree
of selection bias, we modeled a large range of selection bias
scenarios and randomly sample 100,000 OR , ~from a uni-
form distribution. We allowed OR , = to range between 0.10
to 10.0, where a OR of one models no selection bias

select
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(eAppendix 4; http://links.lww.com/EDE/B542). Last, we de-
termined the maximum OR ,  that guaranteed a PR less than
one, and the minimum OR _, = that guaranteed a PR greater
than one. The choice of a uniform distribution means that each
OR .., had an equal probability of being sampled. Although
in practice a modest OR , , of two is more likely than an ex-
treme OR , = of 10, the aim of this analysis was to determine
the sensitivity of the associations to selection bias through the
provision of a wide range of possible values.

Approach Two

We model the systematic bias as a missing data problem,
whereby transgender and gender nonconforming individuals
with misclassified sex assigned at birth are missing data on
certain reproductive health questions. First, in order to con-
sider the full range of possible estimates that are observable in
the data, we considered two single-imputation models of these
extreme scenarios in which data can be missing. For all trans-
gender respondents with missing data, we first assumed that
all excluded individuals had the outcome and imputed a value
of one for each relevant outcome. Then, we assumed that all
excluded transgender individuals did not have the outcome,
and imputed a value of 0. For each scenario, we estimated PR,
using the same analytic model.

Multiple imputation by chained equations is a sta-
tistical technique for handling missing data, whereby the
observed data are used to jointly estimate plausible values
for missing observations.?*2’” We used this method to impute
the missing outcome variables due to the method’s flexibility
to accommodate categorical variables and skip patterns. For
each sex-specific outcome we created 30 imputed datasets,
assessed trace plots for evidence of convergence and good
fit, and estimated record-level adjusted PR on the imputed
datasets.?® As in approach one, we excluded data based on
inferred sex assigned at birth. For gender nonconforming
individuals, we were unable to condition the imputation
model on an inferred sex assigned at birth. Imputing sex-
specific outcomes for all gender nonconforming individuals
would inappropriately rely on information from individu-
als without relevant anatomy, yielding unreliable estimates.
Therefore, multiple imputation by chained equations was
only applied to model bias among transgender men and
women, and cisgender respondents.
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Multiple imputation by chained equations relies on the
assumption that data are missing at random (MAR).?*2¢ How-
ever, there likely is an underlying non-ignorable process driv-
ing misclassification of sex assigned at birth and subsequent
missingness.'*!*2>2¢ Therefore, we adjusted the multiple im-
putation PR for unknown confounding. We defined the risk
ratio due to confounding as RR ., and by convention, the PR

PR
———— 2 As in approach
RRconf

one, in the absence of literature to inform the direction or
degree of confounding, we assigned a uniform distribution
and allow RR , - to range between 0.10 and 10.0, where a
RR_, - of one models no confounding.?’ We randomly sample
100,000 confounding scenarios and estimated bias-adjusted
PR that combine both systematic bias and random errors
(eAppendix 5; http://links.lww.com/EDE/B542). As before,
we determined the maximum OR , . that guaranteed a PR
greater than one, and the minimum OR that guaranteed a
PR less than one.

We conducted statistical analyses and multiple imputa-
tion in Stata version 15.1 (StataCorp, College Station, Texas)
and Monte Carlo simulations in R version 3.4.2 (R Foundation
for Statistical Computing, Vienna, Austria).

adjusted for confounding is PR, =

select

RESULTS

Combining BRFSS data from 2014, 2015, and 2016, a
total of 518,982 participants responded to the gender iden-
tity question and were included in our sample. The data in-
clude 1078 transgender women, 701 transgender men, and
450 gender nonconforming individuals; 2970 participants
(0.6%) responded don 't know/not sure and 4286 respondents
(0.8%) refused to answer the gender identity question and
were excluded from the analysis.

Congruent with past studies based only on 2014 data,
sex assigned at birth is presumed to be misclassified among
29.6% (319/1078) of transgender women and 30.2% (212/701)
of transgender men. eAppendix 2; http:/links.lww.com/EDE/
B542 presents demographic characteristics and measures of
healthcare access, comparing individuals who were asked and
precluded from sex-specific questions. These results suggest
that individuals who were excluded from the sample as a result
of misclassification of sex assigned at birth are demographi-
cally distinct from those who were included in the sample.
Responses to the four sex-specific questions by gender iden-
tity are reported in Table 3. These proportions, however, are
subject to selection bias and may not be representative of the
transgender and gender nonconforming population.

TABLE 2. Overview of Multiple-bias Modeling Approaches

Approach One: Selection Bias

Approach Two: Missing Data and
Unknown Confounding

Directed acyclic Transgender Unknown
graph (DAG) identity csnfounde\r
|
/ \
// ¢ \
i \
BRFSS Inclusion Reproductive Trqnsggnder
designated —» . e health outcome / identity \
sex in sample (e.g., Pap test) / \
¥ M
BRFSS Reproductive
designated Inclusion health outcome

Analytic step 1:
record-level
adjustments For transgender men and women, exclude individuals
based on their inferred sex assigned at birth.

For gender nonconforming individuals, use

Monte Carlo sampling methods to remove 30% of the

inflated no, I don 't know, and refused responses.

Analytic step 2:
summary-level

Conduct a probabilistic adjustment for selection
bias that results from individuals being

Remove transgender and gender nonconforming individuals
incorrectly included in the sample (cell C in Table 1):

sex —>in sample — (e.g., Pap test)

First, use single-imputation to model extreme scenarios in which
transgender and gender nonconforming individuals missing data
either all had the outcome, or all did not have the outcome.

Second, use multiple imputation by chained equations to impute
missing outcomes for individuals who were incorrectly excluded
from the sample (cell D in Table 1).

Remove transgender and gender nonconforming individuals incorrectly
included in the sample using similar methods as approach one.

Conduct a probabilistic adjustment to multiple imputation based
estimates to further account for the unknown confounding that

adjustments

incorrectly excluded from the sample (cell D in Table 1).

Using Monte Carlo sampling methods, multiply the estimated
ﬁ, by the selection bias odds ratio, ORM@C " to obtain a
measure of association that accounts for systematic bias:
PR, 4 =PRXOR

select

underlies the missingness (i.e. because sex-specific outcomes have
non-ignorable missingness).

Using Monte Carlo sampling methods, divide the estimated PR, by
the risk ratio due to confounding, RR,,, i to obtain a measure of

association that accounts for systematic bias: pR 4= PR
44 RR

conf
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TABLE 3. Responses to Reproductive Health Questions by Gender Identity, BRFSS 2014-2016

Transgender Transgender Gender Cisgender Cisgender
‘Women Men Nonconforming ‘Women Men
Total (N) 1078 701 450 298,391 218,362
Lifetime PSA test, N (%)*
Yes 201 (44) 48 (35) 68,677 (49)
No 178 (52) 41 (59) 45,506 (44)
Don’t know 14 (1) 2(1) 5058 (4)
Refused 2(3) 1(5 573 (3)
Missing® 193 51 51,306
Excluded® 248 146 0
Lifetime Pap test, N (%)¢
Yes 290 (76) 125 (53) 195,295 (87)
No 45(22) 31 (45) 12,289 (10)
Don’t know 2(1) 1(D) 846 (0)
Refused 2(1) 2(1) 786 (3)
Missing® 150 69 89,175
Excluded® 212 222 0
Hysterectomy, N (%)F
Yes 91 (16) 40 (22) 54,947 (21)
No 226 (84) 95 (78) 132,527 (76)
Don’t know 1(0) 0(0) 232 (0)
Refused 1(0) 2(1) 809 (4)
Missing® 170 91 109,874
Excluded® 212 222 0
Currently pregnant, N (%)#
Yes 5(2) 5033) 2638 (4)
No 131 (98) 92 (97) 66,639 (93)
Don’t know 0(0) 1(0) 202 (0)
Refused 1(0) 0(0) 309 (3)
Missing® 0 0 1
Excluded® 72 89 0

Unweighted counts and survey weighted percentages from 2014, 2015, and 2016 BRFSS states participating in the Sexual Orientation and Gender Identity module. We do not report
responses of transgender men whose BRFSS designated sex is male, nor the responses of transgender women whose BRFSS designated sex is female.

2These data are restricted to respondents 40 years or older and whose BRFSS designated sex is male.

"Missing indicates respondents were not asked the survey item due to some state’s reliance on questionnaire versions that a priori include a certain subset of questions, as well as

partially due to survey fatigue.

“These respondents were excluded from being asked this question because their BRFSS designated sex was female.

9These data are restricted to respondents whose BRFSS designated sex is female.

“These respondents were excluded from being asked this question because their BRFSS designated sex was male.
These data are restricted to non-pregnant respondents whose BRFSS designated sex is female.
€These data are restricted to respondents 44 years or younger and whose BRFSS designated sex is female.

Table 4 reports the result of the crude and covariate
adjusted results from a complete case analysis. Complete case
analyses do not account for systematic biases, but suggest that
after adjusting for demographic and socioeconomic factors,
transgender and gender nonconforming respondents are more
likely to have never had a Pap test (transgender men PR 1.72,
95% CI=0.98, 3.03; gender nonconforming PR 2.71, 95% CI
=07, 3.55) and transgender men are more likely to have had
hysterectomy (PR 1.26, 95% CI = 0.99, 1.61) and less likely
to be pregnant (PR 0.38, 95% CI = 0.13, 1.15), compared to
cisgender women. Transgender women and gender noncon-
forming respondents have similar prevalence of PSA testing
compared to cisgender men.

674 | www.epidem.com

Table 4 also reports the results of the imputed regression
analyses. The multiple imputation by chain equation estimates
are similar but move towards the null, compared to complete
case analyses. This suggests that, before modeling the impact
of an unknown confounder, there is an attenuated associa-
tion between gender and reproductive health outcomes based
solely on differences in demographics and healthcare access.
That is, misclassification of sex assigned at birth results in a
sample with lower rates of PSA and Pap testing, lower prev-
alence of pregnancy, and higher prevalence of hysterectomy.

The single imputation results explore the possible upper
and lower bounds of the association between gender iden-
tity and reproductive health outcomes given our assumptions

© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Complete-case Analysis, Single Imputation and Multiple Imputation Regression Results

Crude PR

Adjusted PR?*

Single Imputation Models

Lower Bound PR"

Upper Bound PR¢

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

MICE Model PR,
PR (95% CI)

Never lifetime PSA test
Transgender women
Gender nonconforming

Never lifetime Pap test
Transgender men
Gender nonconforming

Had hysterectomy
Transgender men
Gender nonconforming

Currently pregnant
Transgender men

Gender nonconforming

1.17 (0.89, 1.55)
1.35(0.87,2.10)

2.31(1.31, 4.08)
4.63 (3.17, 6.76)

0.97 (0.76, 1.23)
0.63 (0.43, 0.91)

0.47 (0.14, 1.53)
0.65(0.21, 1.94)

1.09 (0.81, 1.48)
0.95(0.70, 1.31)

1.72 (0.98, 3.03)
2.71(2.07,3.55)

1.26 (0.99, 1.61)
0.86 (0.68, 1.08)

0.38 (0.13, 1.15)
0.76 (0.23, 2.58)

0.57 (0.38, 0.84)
0.49 (0.28, 0.86)

0.98 (0.53, 1.80)
1.04 (0.61, 1.78)

0.66 (0.49, 0.89)
0.25 (0.17, 0.38)

0.27 (0.09, 0.78)
0.33(0.10, 1.07)

1.55(1.37, 1.75)
1.72 (1.37,2.17)

4.32(3.36, 5.54)
6.38 (5.15,7.91)

1.50 (1.33, 1.70)
1.50 (1.34, 1.68)

9.76 (5.98, 15.93)

15.17 (10.55, 21.82)

1.03 (0.82, 1.31)

1.26 (0.77, 2.06)

1.15 (0.95, 1.41)

0.59(0.17, 1.99)

Referent group for PSA testing is cisgender men; referent group for Pap testing, hysterectomy and pregnancy is cisgender women.
*Adjusted for race/ethnicity, age, unemployment, income, education, partnership status, poor health, and no insurance coverage.
bSingle-imputation model assuming all TGNC respondents missing outcome data did not have the outcome.

Single-imputation model assuming all TGNC respondents missing outcome data did have the outcome.

regarding the impact misclassification, and the subsequent
sample exclusions may have on the observed PRs. The range
of possible PR for lifetime PSA testing and hysterectomy was
modest compared to the possible range for lifetime Pap testing
and pregnancy. For example, the PR for never lifetime PSA
testing is at most 1.55 (95% CI=1.37,1.75) and 1.72 (95% CI
=1.37, 2.17) for transgender women and gender nonconform-
ing individuals, respectively. The lower bounds are similarly
informative, suggesting that given the observed data and our
modeling assumptions, pregnancy is at minimum 1/10th as
prevalent among transgender men and gender nonconforming
individual (transgender men PR 0.27, 95% CI = 0.09, 0.78;
gender nonconforming PR 0.33, 95% CI = 0.10, 1.07). Pap
testing was similar among transgender men and gender non-
conforming individuals and cisgender women only under the
extreme assumption that all transgender men and gender non-
conforming respondents with missing data have had a Pap test
in their lifetime (transgender men PR 0.98, 95% CI = 0.53,
1.80; gender nonconforming PR 1.04, 95% CI = 0.61, 1.78).
The possible upper bounds suggest that Pap testing was, at
most 4.32 (95% CI = 3.36, 5.54) and 6.38 (95% CI = 5.15,
7.91) times less prevalent among transgender men and gender
nonconforming individuals, respectively.

The results of both bias modeling approaches are re-
ported in Table 5. We report the minimum and maximum ad-
justment factors guaranteeing that the bias-adjusted PR was
either above or below one. The closer the minima and maxima
are to one, the more robust the estimates are to bias. Con-
versely, the larger the range in which the resulting PR can be
either above or below one, the more vulnerable an estimate
was to selection bias and confounding. Both bias modeling

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

approaches suggest that the PR estimates for hysterectomy
among transgender men and gender nonconforming individu-
als, lifetime PSA testing among transgender women and Pap
testing among transgender men were robust to small degrees
of systematic bias. For example, if the selection bias odds ratio
(OR) was 1.49 or higher, then the bias adjusted PR for never
PSA testing is greater than one among transgender women.
Among transgender men, selection bias ORs above 2.05 for
Pap testing and above 1.09 for hysterectomy, guaranteed a bias
adjusted PR greater than one. In contrast, the PR estimates
for pregnancy and all outcomes among gender nonconform-
ing individuals were highly sensitive to bias. We observed a
large range of selection bias scenarios that would result in an
association either above or below 1 for PSA testing (OR ., =
0.45-9.89), Pap testing (OR ., = 0.23-5.00), and pregnancy
(OR ., =0.18-9.38) among gender nonconforming individu-
als. We similarly observed that pregnancy among transgender
men was highly sensitive to selection bias (OR . = 0.53—
9.99). Approach two mirrors these results and reinforces our
findings from approach one for transgender men and women.

DISCUSSION

We applied quantitative bias methods to explore the
magnitude and direction of systematic bias in the associations
between gender identity and reproductive health outcomes in
the BRFSS. Our results demonstrated that there was a large
degree of uncertainty introduced by the BRFSS methodology
for ascertaining sex assigned at birth and its reliance on skip
patterns based on sex. These findings highlight the importance
of attention to survey methodologies and implementation of
validated sex and gender identity question for health surveys,
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TABLE 5. Magnitude of Bias Adjustment Factors Required to Change the Direction of Association of the Systematic Bias and

Random Error Adjusted PRs

Approach One: Selection Bias

Approach Two: Missing Data and Confounding

Maximum Selection
Bias OR Guaranteeing,

Minimum Selection
Bias OR Guaranteeing,

Minimum RR Due to
Confounding Guaranteeing,

Maximum RR Due to
Confounding Guaranteeing,

PR<1 PR>1 PR<1 PR>1

Never lifetime PSA test

Transgender women 0.54 1.49 1.55 0.73

Gender nonconforming 0.45 9.89 — —
Never lifetime Pap test

Transgender men 0.27 2.05 3.56 0.59

Gender nonconforming 0.23 5.00 — —
Had hysterectomy

Transgender men 0.53 1.09 1.57 0.92

Gender nonconforming 0.73 1.38 — —
Currently pregnant

Transgender men 0.53 9.99 5.90 0.12

Gender nonconforming 0.18 9.38 — —

R

The bias-adjusted PRs are calculated as PRM =PR x OR .. oras PRadj =

conf

. This table presents minimum and maximum adjustment factors that guaranteed a bias-adjusted

PR either above or below one. The closer the minima and maxima are to one, the more robust the estimates are to bias.

specifically those that are nationally representative. Surveys
that intend to collect unbiased data on transgender health
should employ comprehensive and inclusive questions about
gender, ask all participants about their sex assigned at birth
rather than determining this based on the sound of their voice,
and avoid cisnormative assumptions about sex and anatomy,
including reliance on sex-based skip patterns.'?

We found that estimates among gender-nonconforming
respondents were the most vulnerable to small degrees of bias,
whereas estimates of lifetime PSA testing among transgender
women, and lifetime Pap testing and hysterectomy among
transgender men were robust to small degrees of bias. All
associations were sensitive to large degrees of bias. Further,
single-imputation models enabled us to estimate potential
upper and lower bounds for each PR given our assumptions
about the mechanisms for selection bias and missing data. We
found that the range of possible associations between gender,
lifetime PSA testing, and hysterectomy was modest compared
to the large possible range for lifetime Pap testing and preg-
nancy. Nonetheless, these potential upper and lower bounds
placed on the estimated associations were informative given
the current sparsity of literature on reproductive health out-
comes in transgender and gender nonconforming populations.

Descriptive results suggested that the 29.6% of trans-
gender women and 30.2% of transgender men excluded from
answering sex-specific questions are demographically distinct
from those who were included in the sample. This supports our
hypothesis that there is substantial selection bias present in the
BRFSS measures of reproductive health among transgender
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and gender nonconforming respondents. The survey-weighted
responses, taken in context of our bias analysis, suggest it is
likely that Pap testing is less prevalent among transgender men
and gender nonconforming individuals compared to cisgen-
der women; that PSA testing among transgender women and
gender nonconforming individuals may not be dissimilar from
cisgender men; and the prevalence of hysterectomy may not
be dissimilar among transgender men, gender nonconform-
ing individuals, and cisgender women. It also suggests that
1.9% of transgender men and 2.6% of gender nonconforming
individuals were pregnant at the time of interview, compared
to 4.0% of cisgender women. Imputation analyses suggest that
the pregnancy may at minimum be 1/10th as prevalent among
transgender men and gender nonconforming respondents
when compared to cisgender women.

There is limited literature in which to contextualize
these estimates. A systematic review of clinical and com-
munity samples suggests that the proportion of transgender
men current on their Pap testing is between 5.0% and 9.2%
lower than cisgender women.*® Estimates of the prevalence
of hysterectomy among transgender men range from 5.5%
to 14%.2131733 Despite documented cases of prostate cancer
among transgender women, there are no studies that examine
rates of PSA testing.>** Few studies characterize the health
of gender nonconforming populations.>!! Lastly, several stud-
ies document transgender men’s experience with pregnancy,
but their sampling methods preclude an estimate of the prev-
alence of pregnancy.’¢-3® Therefore, unbiased estimates of the
prevalence of pregnancy among transgender men and gender
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nonconforming individuals have important implications about
the availability of trans-competent and inclusive family pla-
nning and antenatal care for transgender individuals experi-
encing pregnancy.

A strength of this study is the comparison of two
approaches of modeling the systematic bias that results from
the misclassification of sex assigned at birth and the subsequent
missing data. The fact that the results of these two approaches
reinforce each other lends credence to our findings. Imputation
methods proved to be particularly useful in estimating the po-
tential bounds of bias and brings in known information about
respondents who were missing data. This is also the first study,
to our knowledge, to undertake rigorous bias analysis to ex-
amine health disparities in the transgender population.

A limitation of our approach is differential handling of
gender nonconforming respondents, for whom we are unable
to infer their sex assigned at birth. For approach one, we ob-
serve significant variation in the estimated PR that is most
likely due to the additional uncertainty incorporated into the
record-level bias adjustment. Further, we were unable to apply
the secondary approach based on multiple implication by chain
equations among gender-nonconforming respondents, as impu-
tation would inappropriately rely on information from individu-
als without relevant anatomy and yield unreliable estimates.

Another limitation is our reliance of sex assigned at birth
as a proxy for reproductive anatomy. These assumptions do
not account for intersex individuals or individuals who pursue
gender affirming procedures. Therefore, our denominator of
who is at risk may be inflated. We also were unable to model
bias in questions about breast cancer screening. According
to the American Cancer Society, all individuals with breasts
over the age of 40 should have the option to begin annual
screening.?® However, the presence or absence of breast tissue
depends on a wide range of individual gender-affirming med-
ical choices a transgender person decides to pursue.?!

As with all health surveys, the BRFSS relies on self-re-
port. Therefore, transgender identity is more accurately a
measure of willingness to report transgender and gender
nonconforming identities. We hypothesize that willingness
to report is associated with regional and personal factors, in-
cluding the sociopolitical context where a person lives, geog-
raphy, race, and age. Additionally, the BRFSS only samples
non-incarcerated, non-institutionalized individuals, explicitly
excluding group homes and shelters. Because of high rates of
incarceration among transgender women of color, and high
rates of homelessness among transgender and gender noncon-
forming individuals, the BRFSS does not capture the health of
these vulnerable populations.?!

Due to the lack of external data to inform the degree
of selection bias or confounding, we considered a wide range
of bias scenarios. Our models assume a uniform distribution,
i.e., although unlikely, we assume all bias parameters are of
equal probability. Although a modest bias adjustment param-
eter of two is more likely than an extreme value 10, the aim

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

of this analysis was to determine the sensitivity of the associa-
tions to bias through the provision of a wide range of possible
values. Nevertheless, this is a limitation of the analysis. Future
validation studies that allow us to estimate the true selection
probabilities among transgender and gender nonconforming
respondents would allow more accurate estimates of the selec-
tion bias odds ratio.?> Similarly, additional data could inform
bounds on the risk ratio due to confounding, per Flanders and
Khoury.?

This study provides evidence that BRFSS data provide
non-representative estimates of transgender and gender non-
conforming individuals who are asked questions about their
reproductive health, and that these outcomes are vulnerable
to bias. Therefore, when using BRFSS it should be empha-
sized that these data do not produce unbiased population-
based estimates. Ideally, analyses should be accompanied by
quantitative bias analysis that acknowledges the impact of the
systematic misclassification of sex assigned at birth, and the
subsequent selection bias and missing data issues that arise.
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