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BACKGROUND: Sex is an important determinant of lung capacity and function. This study
examined the impact of using non-birth sex on the interpretation of spirometry data in transgender
subjects with air-flow obstruction. METHODS: This study was a retrospective analysis of anony-
mous spirometry data. Eighty adult male and 80 adult female subjects were chosen from the
database via random sampling. FVC, FEV1, and FEV1/FVC were collected and analyzed. Differ-
ences in percent of predicted, Z scores, classification of disease severity, and the incidence of a value
migrating above or below the lower limit of normal between sex assignments were examined.
RESULTS: For born male subjects, percent of predicted for FVC and FEV1 were significantly
higher when the female sex was used: 100.5% versus 118.5% and 78% versus 91.5%, respectively
(P < .001). FEV1/FVC Z score was �2.53 for male sex and �2.65 for female sex (P � .004). The
presence of obstruction was not affected by sex assignment. Use of non-birth sex moved some FVC
and FEV1 data above the lower limit of normal and improved severity classification in others. For
born female subjects, percent of predicted for FVC and FEV1 were significantly lower when the
male sex was used: 102% versus 87.5% and 81.5% versus 70.5%, respectively (P < .001). FEV1/FVC
Z score was �2.17 for female sex and �2.12 for male sex (P < .001). Six born female subjects had their
FEV1/FVC normalized when male sex was used. Use of non-birth sex moved some FVC and FEV1 data
below the lower limit of normal and worsened severity classification in others. In total, using the
non-birth sex affected spirometry interpretation in 45% of born male subjects and 70% of born female
subjects. CONCLUSIONS: In transgender subjects with air-flow obstruction, using non-birth sex to
calculate predicted spirometry values may have a significant impact on test interpretation and place
these patients at risk for misdiagnosis and inappropriate treatment. Key words: spirometry; chronic
obstructive pulmonary disease; airway obstruction; respiratory function testing; transgender persons. [Respir
Care 2018;63(2):215–218. © 2018 Daedalus Enterprises]

Introduction

Sex is an important determinant of lung capacity and
function.1 Clinicians may not be prepared to decide which
sex should be used to calculate predicted spirometry val-
ues in transgender patients: birth sex or non-birth sex.

Although it may seem obvious to some that birth sex should
be used for the calculation of predicted spirometry values,
there are differences of opinion among clinicians on which
sex should be used, and patients may feel that their right to
gender identity has been violated if birth sex is used. In
addition, electronic medical record systems may populate
the pulmonary function patient demographics with the non-
birth sex, conceivably without the technologist or inter-
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impact of using non-birth sex on the interpretation of spi-
rometry data in subjects with air-flow obstruction.

Methods

This study was a retrospective analysis of anonymous,
publicly available spirometry data (LungXplorer,
www.spirxpert.com, Accessed October 19, 2017). Eighty
adult male subjects and 80 adult female subjects with air-
flow obstruction were chosen from the database via ran-
dom sampling with representation from different decades
of life. FVC, FEV1, and FEV1/FVC were collected and
analyzed using the Global Lung Function Initiative refer-
ence equations.2 Each subject had their spirometry data
analyzed using predicted values for the male and female
sex. Because the LungXplorer database does not specify
subject race, all data were analyzed using the white equa-
tions. Differences in percent of predicted, Z scores, clas-
sification of disease severity,3 and the incidence of a value
migrating above or below the lower limit of normal (lower
limit of normal Z score � �1.64) between the sex assign-
ments were examined.

Statistical Analysis

Statistical computations were made using commercially
available software (Prism 4, GraphPad Software, La Jolla,
California). Median differences in paired data were exam-
ined with the Wilcoxon signed-rank test. A 2-tailed P � .05
was considered significant.

Results

Baseline demographic data are listed in Table 1. For
born male subjects, the median (interquartile range [IQR])
percent-of-predicted values for FVC and FEV1 were sig-
nificantly higher when the female sex was used: 100.5%
(90.5–110.5%) versus 118.5% (105.5–131.5%) and 78%
(60–84%) versus 91.5% (70.5%–99%), respectively
(P � .001 for both). The median (IQR) FEV1/FVC Z score
was �2.53 (�3.44 to �2.19) for male sex and �2.65
(�3.43 to �2.24) for female sex (P � .004). In all com-
parisons, the presence of obstruction was not affected by
sex assignment (see Fig. 1). Use of non-birth sex moved
some FVC and FEV1 data above the lower limit of normal:
FVC 2 of 80 (2.5%) and FEV1 17 of 80 (21.2%). In the
data that remained below the lower limit of normal, se-
verity classification was improved (less severe) in some
subjects: FVC 5 of 78 (6.4%) and FEV1 23 of 63 (36.5%).3

For born female subjects, the median (IQR) percent of
predicted for FVC and FEV1 were significantly lower when
the male sex was used: 102% (90–113.5%) versus 87.5%
(77–97.5%) and 81.5% (68–93.5%) versus 70.5% (58.5–
81.5%), respectively (P � .001 for both). The median

(IQR) FEV1/FVC Z score was �2.17 (�2.54 to �1.95)
for female sex and �2.12 (�2.48 to �1.86) for male sex
(P � .001). Six born female subjects had their FEV1/FVC
normalized when the male sex was used (see Fig. 2). Se-
verity classification (without change in normality classifi-
cation) was worsened in some subjects: FVC 9 of 67
(13.4%) and FEV1 29 of 59 (49.1%).3 In total, using the
non-birth sex affected spirometry interpretation in 45% of
born male subjects and 70% of born female subjects.

Discussion

In this study, using the non-birth sex to calculate pre-
dicted spirometry values frequently affected test interpre-
tation. In subjects born males, both FVC and FEV1 percent
of predicted were significantly higher using the non-birth
sex; however, FEV1 interpretation more frequently nor-
malized or became less severe. The median FEV1/FVC Z
score was more negative when using the non-birth sex. In
all comparisons, the presence of obstruction (FEV1/FVC Z
score � �1.64) was not affected by sex assignment. In
born female subjects, both FVC and FEV1 percent of
predicted were significantly lower using the non-birth
sex. FEV1 interpretation was also more frequently af-
fected than FVC. The median FEV1/FVC Z score was
less negative when using the non-birth sex. In contrast
to born male subjects, 6 born female subjects had a
normalized FEV1/FVC (Z score � �1.64), falsely in-
dicating a normal test result.

Expected spirometry values are affected by many fac-
tors, including age, height, race, and sex.2 Accordingly,
pulmonary function technologists need to be diligent when
entering patient demographics to calculate predicted spi-
rometry values. Height should be measured in stocking
feet, date of birth must be verified, race should be dis-
cussed with the patient, and birth sex (and not gender
identity) should be used to calculate predicted spirometry
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Current knowledge

Sex is an important determinant of lung capacity and
function. Expected spirometry values are affected by
many factors, including age, height, race, and sex.

What this paper contributes to our knowledge

In transgender subjects with air-flow obstruction, using
non-birth sex to calculate predicted spirometry values
may have a significant impact on test interpretation and
place these patients at risk for misdiagnosis and inap-
propriate treatment.
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values. For the purposes of pulmonary function testing, a
distinction must be made between birth sex and gender
identity. The Merriam-Webster dictionary defines gender

identity as “a person’s internal sense of being male, fe-
male, some combination of male and female, or neither
male or female” (http://www.merriam-webster.com, Ac-
cessed February 7, 2017). This study provides scientific
justification for using birth sex to calculate spirometry
predicted values in transgender individuals. Although we
recommend that predicted spirometry values be calcu-
lated using birth sex, the demographic profile recorded
in pulmonary function systems and electronic medical
records should also include gender identity. Including
both birth sex and gender identity in electronic medical
records, the so-called 2-step approach, has been recom-
mended by LGBT advocates.4,5 This approach would
both preserve the accuracy of reported pulmonary func-
tion values and protect a patient’s right to determine
their gender identity.

Unfortunately, with numerous spirometer manufactur-
ers and a vast number of devices in use, achieving univer-
sal adoption of transgender-appropriate software could take
years if not decades. A novel, interim solution is to create
transgender predicted equations. The transgender predicted
equation would simply be an existing equation calculated
with birth sex but linked to the patient’s gender identity.
For example, for a transwoman, the technologist would
enter female into the patient demographics but would se-
lect the transgender predicted equation calculated with birth
sex. We believe that the transgender predicted equation
strategy would accomplish the same goals as the 2-step
approach. In addition, the transgender predicted equation
strategy would obviate any need to make report modifica-
tions before transmission into an electronic medical record
(eg, technologist notes regarding the patient’s birth sex
and gender identity). In the longer term, a universally ad-
opted solution to this problem must be achieved. Failure to
recognize a patient’s right to determine their gender iden-
tity can cause significant emotional and psychological harm
and may discourage patients from accessing needed med-
ical care.

Table 1. Baseline Subject Demographics

Characteristics Born Male (n � 80) Born Female (n � 80)

Age, median (IQR) y, range 44 (31.5–59.5), 17–82 44.5 (31.5–57), 19–80
Pulmonary function

FVC, median (IQR) % predicted, range 100.5 (90.5–110.5), 30–136 102 (90–113.5), 50–137
Z score, median (IQR), range 0.03 (�0.76 to 0.79), �4.50 to 2.85 0.17 (�0.75 to 1.06), �4.20 to 2.94

FEV1, median (IQR) % predicted, range 78 (60–84), 19–111 81.5 (68–93.5), 29–113
Z score, median (IQR), range �1.72 (�2.84 to 1.14), �4.59 to 1.69 �1.38 (�2.23 to �0.51), �4.59 to 1.12

FEV1/FVC
Z score, range �2.53 (�3.44 to �2.19), �4.91 to �1.81 �2.17 (�2.54 to �1.95), �4.33 to �1.67

Data are expressed as median (interquartile range) followed by minimum to maximum data points. % predicted indicates percent of the predicted value according to Ref. 2.
IQR � interquartile range

Fig. 1. FEV1/FVC Z scores calculated using birth and non-birth sex
in born male subjects. Dotted line: lower limit of normal.

−6

−5

−4

−3

−2

−1

0

0 10 20

Birth sex
Non-birth sex

30 40

Age (y)

FE
V 1

/F
VC

 Z
 s

co
re

50 60 70 80 90

Fig. 2. FEV1/FVC Z scores using birth and non-birth sex in born
female subjects.
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Our study has several limitations. We only examined the
impact of using the non-birth sex in subjects with air-flow
obstruction. Studies on the impact of using non-birth sex in
those with normal and restrictive lung disease should be con-
ducted. In addition, this study only assessed the impact of
using non-birth sex on spirometry interpretation according to
one reference equation using white race.2 Whereas some of
the raw data were presumably collected from non-white sub-
jects, these FVC and FEV1 values could be collected from
subjects of any ethnic group with the same age and height.
Moreover, we defined air-flow obstruction as an FEV1/FVC
Z score � �1.64, which applies to all races.6 Last, we only
examined adult subjects who presumably did not receive gen-
der-guided hormone therapy. Whereas it is known that lung
development is impacted by hormones starting before and
during the neonatal period,7 it is unclear whether hormone
augmentation during adolescence can impact adult lung ca-
pacity and function. The size of the transgender population is
small (0.39%)8; however, pulmonary function technologists
can expect to test more transgender individuals as societal
attitudes toward the transgender population become more sup-
portive.

Conclusions

In transgender subjects with air-flow obstruction, using
non-birth sex to calculate predicted spirometry values may

have a significant impact on test interpretation and place
these patients at risk for misdiagnosis and inappropriate
treatment. Spirometry testing can be conducted with phys-
iologic accuracy without violating a patient’s right to gen-
der identity.
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