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Abstract
Introduction: The gold standard for determining bone health is by dual energy x-ray absorptiometry (DXA); however, the use of 

sex-based reference indices has been shown to be confusing when performing the test for individuals who identify as transgender 
and gender non-conforming (TGNC). In 2019, the International Society of Clinical Densitometry (ISCD) took the first official 
“positions” regarding how to perform a DXA scan for TGNC patients. However, it is unknown how closely these guidelines have been 
followed.

Methods: A survey using REDCap® software was created by utilizing and reformatting the 2019 ISCD DXA TGNC position 
statement into multiple-choice questions. Respondent demographics, state of employment, DXA experience, knowledge of the 
TGNC community, and how the respondent performs/interprets DXA scans for TGNC patients were collected. 

Results: A total of 26 surveys were completed with respondents representing 14 different states, most being from an academic/
university health system. This outcome corresponds with a 0.7% response rate. When comparing the survey responses to the 2019 
ISCD official positions for DXA in transgender individuals, 75% of T-scores and 96% of Z-scores would be deemed “incorrect”. 79% 
of T-scores and 86% of Z-scores were “incorrect” in non-binary individuals.

Conclusions: The ISCD position statement on performing DXA in the TGNC population is the only society who provides guidance 
on bone health in this population. When clinicians stray from these guidelines, patients may receive incorrect DXA results as well 
as missed diagnoses of low bone mass. Future prospective studies need to be conducted to evaluate utilization and the long-term 
effects of the position’s guidance.
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Introduction
Transgender and gender non-conforming (TGNC) patients 

face extensive health care disparities [1] especially, when clinical 
outcomes depend on sex-based guidelines. One example of this 
disparity can be found in the musculoskeletal care of TGNC patients 
where determination of bone mineral density via dual energy 
absorptiometry (DXA) is reliant on a sex-based reference index. 
Determining an individual’s bone health via DXA scan is possible due 
to the calculation of T-scores and Z-scores that are dependent upon  

 
a reference sex-based population [2] T-scores are a measurement 
of bone health calculated by one standard deviation from the mean 
when compared to that of healthy 25 to 35-year-old adults of the 
patient’s same sex and race. On the other hand, Z-scores reflect the 
deviation from an age-matched standard that also incorporates an 
individual’s sex, race, height, and weight. Limited research has been 
conducted in this field as it relates to the care of TGNC patients to 
direct clinicians. The research that has been conducted, such as 
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Dobrolińska et al. [3] has demonstrated the importance of properly 
utilizing the sex-based reference index in this population. They 
conducted a study in the Netherlands analyzing DXA scans in both 
transgender females and transgender males utilizing the male and 
female reference database for each. In doing so, they determined the 
female T-score and Z-score reference index produced significantly 
higher scores in the hip than the male T-score and Z-score reference. 
Furthermore, based on the male reference values in their study, 
18% of transwomen had osteoporosis, compared with      only 5% 
when the female reference index was used. 

Unfortunately, no large studies have analyzed gender nonbinary 
individuals. Through analysis of the complexity of this subject, 
one can quickly understand how clinicians may not be certain 
what sex-based reference population to compare to for patients 
that identify TGNC. Fortunately, this issue was addressed in 2019 
when the first official positions regarding how to perform a DXA 
scan for TGNC patients was released by the International Society 
of Clinical Densitometry (ISCD) [4] Though several years have 
passed since the publication of these positions, a retrospective 
analysis performed at the author’s home institution indicated DXA 
performers and interpreters were incorrectly performing DXA 
scans in this population based on the 2019 position by the ISCD 
[5]. Due to the unknown long-term effects of gender affirming 
hormone therapies and gonadal surgeries on bone health, the 
authors deemed it imperative to determine how clinicians across 
the United States are performing DXA scans for this population. 
Therefore, the purpose of this study was to uncover the nationwide 
knowledge and/or misconceptions revolving around DXA scans 
and bone health in the TGNC community.

Methods
This descriptive study was conducted using a cross-sectional 

design with individual survey administration. IRB approval was 
obtained from the authors home institution before a unique 
survey instrument created for this project (see Appendix 1) 
was assembled utilizing and reformatting the 2019 ISCD DXA 
TGNC positions4 into multiple-choice questions. Study data were 
collected and managed using REDCap® (Research Electronic Data 
Capture) electronic data capture tools hosted at the University 
of Kansas Medical Center [6,7]. REDCap® is a secure web-based 
software platform designed to support data capture for research 
studies, providing 1) an intuitive interface for validated data 

capture; 2) audit trails for tracking data manipulation and export 
procedures; 3) automated export procedures for seamless data 
downloads to common statistical packages; and 4) procedures 
for data integration and interoperability with external sources 
[6,7]. Additional information inquired consisted of demographics, 
state of employment, DXA experience, and knowledge of the TGNC 
community. DXA scan performers and interpreters were recruited 
via institutional email addresses that were obtained from public 
hospital department websites. The method of gathering email 
addresses of interest consisted of searching medical institutions 
in all 50 states for radiology, endocrinology, and transgender 
health departments. Available emails were added to the REDCap 
distribution server. Survey participation invitations were sent to 
3,502 individual email addresses, 6 consecutive times, over a period 
of 4 months. Researchers relied-on email recipients forwarding the 
survey to potential respondents to obtain additional responses. 
Total responses yielded 26 completed surveys, corresponding 
to a 0.7% response rate. Due to the small sample size, classic 
statistical analyses were unable to be performed. Instead, the data 
was evaluated qualitatively by calculating the “correct” versus 
“incorrect” responses when compared to the ISCD guidelines. The 
2019 ISCD official positions for T- and Z-scores in DXA scans for 
TGNC individuals can be found in Appendix 2. If respondents applied 
ISCD 2019 position when performing and analyzing DXA scans, 
their response was deemed “correct” whereas if the respondents 
were not applying the 2019 ISCD guidance, their responses were 
deemed “incorrect.”

Results
Due to the widespread distribution of the survey, a diverse 

survey respondent demographic was contacted and offered the 
opportunity for survey participation. Appendix 3, Table 1 shows 
the evenly distributed gender of survey takers, varying ethnicity, 
and sexual orientation, as well as a variety of DXA performers 
and interpreters. Furthermore, two individual respondents had 
experience in both performing and interpreting DXA scans, with 
the majority of responses originating from academic/university 
affiliated health systems. Additionally, 14 different states were 
represented. Finally, for survey taker demographic information, 
Radiologists and DXA Technologists comprised the majority 
of the survey takers though Endocrinologists, Reproductive 
Endocrinologists, Internal Medicine Physicians, and Researchers 
also were represented (Appendix 3, Table 2).

Table 1: Survey Respondent Demographics.

Variable n=26 %

Ethnicity

American Indian or Alaskan Native 1 4

Asian 2 8

Black or African American 1 4

White 20 77
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Two or more ethnicities 2 8

Gender Identity

Female 14 54

Male 12 46

TGNC 0 0

Sexual Orientation

Bisexual 1 4

Gay/Lesbian 2 8

Heterosexual/Straight 22 85

Other 1 4

Perform/Interpreter

Perform 6 23

Interpret 18 69

Both 2 8

ISCD Certified

No 20 77

Yes 6 23

CCD 3 50

CBDT 3 50

Hospital Type

Rural/Community Hospital 1 4

Academic/University Hospital 25 96

State

Arkansas 1 4

California 4 15

Florida 1 4

Georgia 2 8

Indiana 1 4

Kansas 4 15

Kentucky 2 8

Michigan 1 4

Missouri 2 8

North Carolina 2 8

Oklahoma 2 8

Tennessee 2 8

Texas 1 4

Virginia 1 4

Note. CCD = Certified Clinical Densitometrist, CBDT = Certified Bone Densitometry Technologist

Table 2: Medical Professional Representation in Study.

Variable n=24 %

Medical Professional Title

   DXA Technologist 7 29%

   Radiologist 11 46%
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   Endocrinologist 2 8%

   Reproductive Endocrinologist 1 4%

   Internal Medicine Physician 1 4%

   Researcher 2 8%

The majority of participants stated they found information 
regarding a patient’s sex and gender identity in the patient’s chart 
or electronic medical record, rather than asking at the time of 
the test. Participants also were given multiple-choice questions 
asking, “what reference database should be used for transgender 
individuals” for both T-scores and Z-scores, and “what reference 
database should be used for gender-nonbinary individuals” for both 
T-scores and Z-scores. Regarding responses for which reference 
database was applied for T-scores for transgender individuals, 41% 
of DXA scan performers and interpreters answered, “sex assigned 
at birth” or “unknown”. Among responses for gender-nonbinary 
individuals, 48% answered, “sex assigned at birth” or “unknown”.

 Responses for T-score data for transgender and gender-
nonbinary individuals were widely incorrect. Specifically, T-scores 
for transgender individuals reported to be calculated incorrectly 
15/20 (75%) by interpreters and 6/8 (75%) by performers, while 
gender-nonbinary individuals received incorrect calculations 
16/20 (80%) by interpreters and 6/8 (75%) by performers. When 
asked for responses regarding which reference database was 
applied for Z-scores for transgender individuals, 56% of DXA scan 
performers and interpreters answered, “sex assigned at birth” or 
“unknown”. Among responses for gender-nonbinary individuals, 
44% answered, “sex assigned at birth” or “unknown”. Furthermore, 
responses for calculations of Z-score data for transgender 
and gender-nonbinary individuals were also mostly reported 
incorrectly. Z-scores for transgender individuals was surveyed to 
be calculated incorrect 19/20 (95%) by interpreters with the most 
common answer “Race Adjusted, Aged Matched Database for the 
Individual’s Gender Identity” followed by “Unknown.” Additionally, 
Z-scores for transgender patients were calculated incorrectly by 
performers 8/8 (100%). For gender-nonbinary patients, Z-scores 
were calculated incorrectly 17/20 (85%) by interpreters and 7/8 
(87%) by performers. Overall, comparing the survey responses to 
the 2019 ISCD official positions for DXA in transgender individuals, 
75% of T-scores and 96% of Z-scores were deemed “incorrect”, with 
79% of T-scores and 86% of Z-scores deemed “incorrect” in non-
binary individuals. Lastly, 11% of respondents indicated that their 
institution had a protocol for DXA scans in TGNC individuals, where 
the other 89% claimed they did not or did not know if there was a 
protocol.

Discussion
The TGNC population is an underrepresented population not 

only in society and healthcare, but in the realm of research. The 
research discrepancy largely is due to human subject data being 
categorized into only two sexes for demographics, sometimes even 

reported without dividing the sexes. Alarmingly, as recent as 2016, 
an article made the argument that studies should report sex and 
gender outcomes separately in order to facilitate future research 
and meta-analyses [8]. One such reason, described by Franconi 
et al. [9], is because effects of an intervention in one sex might 
be greater than in the other. Similarly, an intervention may affect 
an individual who has been receiving long-term gender affirming 
hormone therapies and/or gonadal surgeries differently. Ultimately, 
additional research regarding TGNC healthcare and gender-
affirming hormone therapy is needed to understand bone health, 
fracture risk and healing, outcome disparities and care access 
across multiple subspecialties, and establishment of perioperative 
management guidelines [9]. 

With this said, an elevation of importance is demonstrated for 
gender identity specific dashboards and organ inventories in hospital 
electronic medical records [10], as this is where most healthcare 
professionals will go to gather information about the patient. 
Furthermore, without proper gender identity documentation, the 
patient is at risk of failing to be identified by the preferred name 
and pronoun in the medical setting which has been shown to have 
a profound impact on TGNC patients mental health and quality of 
care [11]. Additionally, bone health evaluation, incorrect treatment 
recommendations such as sex-based medication dosages, as well as 
increase the patient risk if laboratory tests are incorrectly paired 
with a different assumed hormonal history [12]. Altogether, it 
is advised that data on gender identity be recorded in electronic 
health records and that this goal be included into the important 
objectives [13].

Assuming a bone mineral density is addressed, and correct 
gender is identified, clinicians utilizing the literature to order or 
interpret a DXA scan will recognize the large amount of protocol 
variations and recommendations that exist. Numerous existing 
studies compare TGNC DXA scans to both male and female 
reference indices [3,16], while sex assigned at birth was also the 
reference index utilized by some previous studies. The overriding 
consensus from our survey was sex assigned at birth. While the 
ISCD TGNC DXA positions made their debut in 2019 [4], it should 
be noted all calculated T-scores for patients in all ethnic groups 
and genders should have been assigned to a uniform Caucasian 
(non-race adjusted) female reference database since 2013 
[20], which contradicted most of the prementioned studies and 
survey responders. As discussed, this topic has been a subject of 
immense debate and confusion over the past decade, and the 
patient population in question would benefit from a well-studied, 
standardized DXA reference index.
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Finally, comparing survey responses to the current positions 
put forth by the ISCD revealed an enormous health care discrepancy 
that needs to be addressed.Clinicians should work to improve 
models of individualized care by continuing to learn about social 
determinants which continue to hinder equitable care efforts 
[21]. 21 Considering the only current TGNC DXA positions were 
published by ISCD in 2019 [4], it is imperative that practicing DXA 
technicians and interpreters have knowledge about and access to 
these positions for the TGNC populations. Lastly, knowing clinical 
guidelines play an important role in optimizing the quality of patient 
care on the basis of evidence-based medicine [22], it is important 
to acknowledge that a dismal portion of surveyed institutions 
reported having guidelines for providing and/or interpreting DXA 
scans in the TGNC population. As knowledge in this area continues 
to expand, institutional protocols will help the healthcare team 
provide quality care to patients by identifying the correct service to 
provide as well as the best way to provide that service [23] and can 
inspire research, in particular regarding common diseases and/or 
illnesses as well as diagnostic uncertainty [25] such as bone health 
in the TGNC community.

A significant limitation of this study was the small sample size 
due to a low response rate. As stated in Baruch et al. [25], there 
are 2 primary reasons for receiving low response rates from 
surveys which include failure to deliver the questionnaires to the 
correct population and the reluctance of survey response. In the 
present study, researchers saw both reasons. From the 3,502 email 
addresses collected, many emails were deemed “undeliverable” 
due to hospital firewall protections systems, with many other 
automatic replies that the individual was out of the office. 
Additionally, researchers experienced the reluctance of people to 
respond, judged by the number of negative email responses sent 
back to investigators without a concurrent survey response from 
the individual. Possible reasons for this hostility can stem from 
stressful work environments, politics, transphobia, or an overall 
lack of awareness for the TGNC population among survey recipients. 
Although the low response rate affects the power of the study, based 
on a meta-analysis, Cook et al. [26] argued response rate in survey 
research was less important than response representativeness. We 
had survey participants from 14 states, which was representative 
of all official regions in the United States. Other limitations included 
the use of multiple-choice questions in the survey because the 
participants were forced to pick an already formulated answer 
choice and were not given a free text space. The authors believed 
these limitations did not affect the validity of the study.

In conclusion, the bone health of individuals who identify 
as TGNC is in jeopardy due to the lack of knowledge and 
understanding of proper protocols surrounding the gold standard 
for the measurement of bone mineral density via DXA scan. The 
ISCD positions were published as a product of the only known 
large-scale clinical trials measuring the bone mineral density of 
persons who identify as TGNC. Until further prospective trials are 
conducted with a patient population that mimics the United States, 

the ISCD positions should be followed to assess accurately bone 
health in the TGNC population, and most importantly, to avoid 
missed osteoporosis diagnoses which can lead to significant patient 
morbidity, mortality and healthcare burden for these patients.
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