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ABSTRACT Few stud ies have ana lyzed mor tal ity rates among trans gen der (trans) pop
u la tions in the United States and com pared them to the rates of nontrans pop u la tions. 
Using pri vate insur ance data from 2011 to 2019, we esti mated age-spe cific all -cause 
mor tal ity rates among a sub set of trans peo ple enrolled in pri vate insur ance and com
pared them to a 10% ran domly selected nontrans cohort. Overall, we found that trans 
peo ple were nearly twice as likely to die over the period as their nontrans coun ter parts. 
When strat i fy ing by gen der, we found key disparities within trans pop u la tions, with 
peo ple on the trans fem i nine to non bi nary spec trum being at the greatest risk of mor tal
ity com pared to nontrans males and females. While we found that peo ple on the trans 
mas cu line to non bi nary spec trum were at a sim i lar risk of over all mor tal ity com pared 
to nontrans females, their over all mor tal ity rate was sta tis ti cally smaller than that of 
non-trans males. These find ings provide evidence that some trans and non-trans pop-
u la tions expe ri ence sub stan tially dif fer ent mor tal ity con di tions across the life course 
and neces si tate fur ther study.

KEYWORDS Mortality • Transgender • Disparity • Life expec tancy • Gender

Introduction

A sub stan tial body of pub lic health lit er a ture has inves ti gated the rela tion ship 
between gen der and mor tal ity (Case and Paxson 2005; Rogers et al. 2010; Ross et al. 
2012). However, few stud ies have ana lyzed the risk of mor tal ity among trans gen der 
and non bi nary (trans) pop u la tions. Among stud ies that include trans peo ple, a major
ity have been conducted in Europe and have found that trans peo ple are at higher 
risk of mor tal ity than their nontrans coun ter parts (Asscheman et al. 2011; Dhejne 
et al. 2011; Simonsen et al. 2016; Van Kesteren et al. 1997; Wiepjes et al. 2020). In 
the United States, two stud ies have been conducted to under stand pop u la tionlevel 
mor tal ity risk among a select sam ple of trans peo ple who accessed care through the 
Veteran Healthcare Administration (Blosnich et al. 2014; Boyer et al. 2021), while 
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one other sim ply reported the crude death rate among trans indi vid u als enrolled in 
com mer cial insur ance in Georgia and California (Quinn et al. 2017).

Disparities in Morbidity, Suicidality, and Violence in Trans Communities

Despite the absence of stud ies on mor tal ity in trans pop u la tions in the United States, 
research on mor bid ity has documented nota ble disparities in infec tious and noncom
municable dis eases that may result in pre ma ture death between trans and nontrans 
pop u la tions and within trans pop u la tions. For exam ple, when com pared to their non
trans coun ter parts, trans peo ple have a higher prev a lence of HIV, car dio vas cu lar dis
ease, and dia be tes (Downing and Przedworski 2018; Dragon et al. 2017; James et al. 
2016; Meyer et al. 2017). Within trans pop u la tions, the prev a lence of cer tain chronic 
and acute con di tions varies by gen der iden tity. For exam ple, research ers have found 
that trans women and non bi nary indi vid u als are at a greater risk of dia be tes, cor o nary 
heart dis ease, and myo car dial infarc tion than are trans men (Downing and Przedworski  
2018; Jasuja et al. 2020).

Furthermore, research finds that trans pop u la tions have ele vated rates of men tal 
and behav ioral health con di tions that may lead to early mor tal ity, includ ing depres
sion, sub stance use dis or ders, and sui cidal ide a tion (Blosnich et al. 2013; Blosnich 
et al. 2014; Downing and Przedworski 2018; Dragon et al. 2017; Hughto et al. 2021; 
James et al. 2016; Marshall et al. 2016; Rabasco and Andover 2020). Among trans 
pop u la tions, prev a lence esti ma tes for attempted sui cide range from 10% to 44%, 
much higher than the esti mated 4.6% among the gen eral U.S. pop u la tion (Haas et al. 
2014; Marshall et al. 2016). Furthermore, the prev a lence of sui cidal ide a tion among 
trans pop u la tions ranges from 37% to 83% across stud ies (Marshall et al. 2016). In 
com par a tive stud ies, trans peo ple have shown much greater rates of sui cidal ide a tion 
than their nontrans peers (Mathy 2003). Some stud ies report that the risk of sui cide 
attempt and sui cidal ide a tion varies within trans pop u la tions by gen der iden tity, while 
oth ers have found sim i lar rates within sub pop u la tions (Haas et al. 2014; Herman 
et al. 2019; Marshall et al. 2016; Surace et al. 2020).

Studies with com mu nity and online sam ples sug gest that trans peo ple also expe ri
ence higher rates of inter per sonal vio lence, dis crim i na tion, and other forms of enacted 
stigma than does the gen eral pop u la tion (White Hughto et al. 2015; Wirtz et al. 2020). 
In par tic u lar, trans peo ple expe ri ence higher rates of seri ous vio lence, assault, and 
vio lenceinduced injury than do nontrans pop u la tions (Flores et al. 2020; Grant et al. 
2011; James et al. 2016; Stotzer 2009; Truman et al. 2019). These expe ri ences can 
directly result in death or indi rectly lead to pre ma ture death by exac er bat ing phys
i cal and men tal health con di tions. Moreover, between 2008 and Sep tem ber 2020, 
nearly 300 trans peo ple were mur dered in the United States, and this num ber is likely 
grossly underestimated because gen der iden tity is not rou tinely reported in vio lent 
crime sta tis tics (Balzer 2020; Haas et al. 2019). Although it is not yet established 
whether var i a tions in the inci dence of all  forms of vio lence exist within trans pop u la
tions (Wirtz et al. 2020), the vast major ity of trans homi cide vic tims are trans women 
of color (Dinno 2017).

Empirical research finds that trans pop u la tions in the United States are often at 
greater risk of mor bid con di tions than the gen eral pub lic, and these disparities are 
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the o rized to be fun da men tally caused by antitrans stigma (Hatzenbuehler et al. 2013; 
Transgender Law Center n.d.; White Hughto et al. 2015). Indeed, the nation’s dom
i nant gen der ideology nor mal izes and reifies the man/woman binary, stig ma tiz ing 
those whose gen der does not align with the iden tity or expres sion typ i cally asso ci
ated with their sex assigned at birth (Hatzenbuehler and Pachankis 2016; West and 
Zimmerman 1987; White Hughto et al. 2015). Antitrans stigma pro motes wide
spread dis crim i na tion and stereotyping of trans peo ple, which reduces trans peo ple’s 
access to crit i cal resources needed to pro mote health and wellbeing (e.g., health care, 
hous ing, employ ment), increases risk of inter per sonal vio lence, and causes excess 
stress and hyper vig i lance within trans indi vid u als (Hendricks and Testa 2012; White 
Hughto et al. 2015).

Given the cooccur rence of dis pro por tion ately high rates of mor bid ity, suicidality, 
and vio lence among trans pop u la tions, inves ti gat ing whether there are also dif fer
ences in mor tal ity between trans and nontrans peo ple in the United States is essen tial. 
This work may sup port future research seek ing to under stand and doc u ment the root 
causes of disparities among trans peo ple and set a pol icy agenda to under stand and 
address the mate rial and social mech a nisms that might con trib ute to such disparities.

Efforts to Link Gender Identity Information With Mortality Data

Shortcomings regard ing the uni form and accu rate col lec tion of gen der iden tity in 
mor tal ity data have impeded research on mor tal ity among U.S. trans pop u la tions 
(Haas et al. 2019). For exam ple, the U.S. Standard Certificate of Death, the most 
basic source of infor ma tion about mor tal ity, has not rou tinely included or ade quately 
cap tured gen der iden tity infor ma tion (Haas et al. 2019). Currently, three states allow 
for amending the sex indi ca tors on state death cer tifi  cates on the basis of pri mary 
infor mants, legal doc u ments, or med i cal records; how ever, it is unclear whether data 
are col lected in a way that allows research ers to iden tify trans peo ple (Haas et al. 
2019). Considering these deficiencies, Haas et al. (2019) have advo cated for the col
lec tion of gen der iden tity infor ma tion in other mor tal ity sur veil lance sys tems such 
as the National Violent Death Reporting System, but col lec tion of gen der iden tity in 
mor tal ity data remains lim ited.1

Given the inad e qua cies of stan dard mor tal ity data, anal y sis of admin is tra tive data 
(e.g., insur ance claims) has the poten tial to esti mate the risk of mor tal ity in trans pop
u la tions. The devel op ment of algo rithms to iden tify trans indi vid u als in these data sets 
(Ewald et al. 2019; Jasuja et al. 2020; McDowell et al. 2019; Progovac et al. 2018) 
allows for the study of diverse health out comes among trans pop u la tions and com par
i son to their nontrans peers. However, only three stud ies have uti lized admin is tra tive 
claims data to ana lyze mor tal ity in trans pop u la tions in the United States (Blosnich 
et al. 2014; Boyer et al. 2021; Quinn et al. 2017). Using Veterans Health Administra
tion data, Blosnich and col leagues (2014) and Boyer et al. (2021) found high rates of 
sui cide death among trans vet er ans com pared to their nontrans  coun ter parts. These 

1 Resources regard ing best prac tices on collecting gen der iden tity infor ma tion at time of death can be 
found at https:  /  /www  .lgbtmortality  .com  /resources.
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two stud ies did not explore gen der dif fer ences in mor tal ity risk among trans cohorts, 
which is known to vary within nontrans pop u la tions (Ma et al. 2015) and may vary 
by gen der within trans pop u la tions (e.g., trans men, trans women). Furthermore, 
these stud ies rep re sent a select group—trans vet er ans—and can not be gen er al ized 
to the gen eral trans pop u la tion as vet er ans have ele vated rates of mor tal ity (Blosnich 
et al. 2014). Quinn and col leagues (2017) ana lyzed the insur ance data of a sub set 
of trans peo ple enrolled in com mer cial insur ance in Georgia and California. These 
research ers reported only the crude mor tal ity rates of the trans cohort and a matched 
non-trans cohort, find ing that trans peo ple were at an increased risk of mor tal ity com-
pared to both nontrans men and nontrans women (Quinn et al. 2017). However, the 
research ers did not report age-spe cific rates, included only those who lived in Georgia 
or California, and relied on a crude iden ti fi ca tion algo rithm known to be less sen si tive 
than the one we apply here, hence lim it ing the study’s gen er al iz abil ity (Jasuja et al. 
2020; Quinn et al. 2017).

Purpose and Hypotheses

The pur pose of this study was to com pare the risk of mor tal ity between trans and 
nontrans indi vid u als enrolled in com mer cial insur ance or Medi care Advantage plans 
between 2011 and 2019. We exam ined the risk of mor tal ity while strat i fy ing by gen
der modal ity (Ashley forth com ing) (e.g., nontrans, or peo ple whose gen der aligns 
with their sex typ i cally assigned at birth, and trans, or peo ple whose gen der does not 
align with their sex typ i cally assigned at birth) and gen der expres sion. For gen der, the 
nontrans pop u la tion was cat e go rized as male or female. We use “nontrans” rather 
than “cisgender” to reflect that while the peo ple in this group may have a vari ety of 
gen der modal i ties, we can not con fi dently clas sify them as cisgender on the basis of 
the data. Given the lim i ta tions of the data source in not collecting gen der iden tity, 
trans indi vid u als could only be cat e go rized into three dis tinct groups: trans mas cu
line/non bi nary (TMN), trans fem i nine/non bi nary (TFN), and trans unclas si fied (see 
the next sec tion for ratio nale and details). We had three pri mary hypoth e ses. First, 
given the sever ity of social stig ma ti za tion and high rates of sui cidal ide a tion, vic tim i
za tion, and related mor bid ity in trans com mu ni ties (James et al. 2016; White Hughto 
et al. 2015), we expected that all  trans peo ple would be at a higher risk of mor tal ity 
at every age than their nontrans coun ter parts. Second, we expected TFN, TMN, and 
unclas si fied trans peo ple to be at a greater risk than non-trans males and non-trans 
females at every age. Third, we expected that TFN peo ple would have the greatest 
risk of mor tal ity at every age rel a tive to all  other groups (Dinno 2017).

Methods

Data

We ana lyzed admin is tra tive claims data from Optum’s Clinformatics® Data Mart Data
base, which includes deidentified insur ance claims and death records for nearly 200 
mil lion com mer cially insured indi vid u als and those enrolled in Medi care Advantage  
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plans from 2011 to 2019 across all  50 states and the District of Colum bia (Jasuja et al. 
2020). We linked enroll ment infor ma tion to claims data (e.g., ICD9, ICD10, CPT, 
Rx) to iden tify trans peo ple and to iden tify age of death.

Sample

Our sam ple included all  indi vid u als iden ti fied as trans (see below for details on cat-
e go ri za tion) and a 10% ran dom sam ple of nontrans indi vid u als enrolled in pri vate 
insur ance or Medi care Advantage between 2011 and 2019. We restricted the sam ple 
to indi vid u als aged 18 or over, which excluded 2,994 trans (about 10% of the over all 
trans sam ple) and 848,741 nontrans peo ple (about 20% of the over all nontrans sam
ple). Our ana lytic sam ple included 4,174,957 peo ple, of whom 29,758 were iden ti fied 
as trans.

Identifying Trans Individuals

We iden ti fied trans indi vid u als using an approach ini tially devel oped by Jasuja et al. 
(2020), which we fur ther refined. Briefly, trans peo ple were iden ti fied using a com-
bi na tion of International Classification of Diseases (ICD-9 and ICD-10) diag nos tic 
codes spe cific to trans indi vid u als (e.g., Gender Dysphoria and Gender Identity Dis
order), Common Procedural Terminology codes for transrelated sur gi cal pro ce dures 
(e.g., vaginoplasty, phalloplasty), and prescription claims for gen der-affirming hor-
mones (see Figure 1 for more infor ma tion). This algo rithm builds on prior work that 
used transrelated ICD codes alone (Proctor et al. 2016) by also includ ing indi vid u als 

Fig. 1 Trans cohort inclusion diagram. The authors adapted the algorithm developed by Jasuja et al. (2020) 
by adding Cohort B: Trans-specific procedures.
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who received an Endocrine Disorder Not Otherwise Specified diag no sis (Endo NOS) 
in con junc tion with hor mone pre scrip tions or trans-spe cific sur ger ies (Jasuja et al. 
2020). Endo NOS is often used to bill for trans-affirming ser vices instead of gen der 
iden tity dis or der to avoid the stigma of label ing the per son as trans or to avoid deni als 
of pay ment (Jasuja et al. 2020). Moreover, by incor po rat ing the use of fem i niz ing and 
mas cu lin iz ing hor mones and pro ce dures, this algo rithm allows the trans pop u la tion 
to be strat i fied by gen der. To ensure the algo rithm’s spec i fic ity, indi vid u als who were 
included as trans because they had an Endo NOS diag no sis and were tak ing hor mones 
above a cer tain thresh old were required to have a gen der marker at enroll ment that 
was dis cor dant with the hor mone they were pre scribed. For exam ple, if an enrollee 
had an Endo NOS diag no sis, a female gen der marker at enroll ment, and an estro gen 
pre scrip tion over a cer tain thresh old, we would not include this per son as trans as 
their gen der at enroll ment was not dis cor dant with the hor mone they were pre scribed 
(see Table 1 for exam ple inclu sion and exclu sion cri te ria). While this approach likely 
removed trans peo ple who changed their gen der marker prior to enroll ment from 
being included, it was nec es sary to retain the spec i fic ity of our sam ple. See Jasuja 
et al. (2020) for more infor ma tion regard ing these meth ods.

Gender Stratification

Stratifying the trans and nontrans cohorts by gen der is nec es sary given that mor
tal ity is known to vary by gen der in nontrans pop u la tions (Case and Paxson 2005). 
Additionally, Lagos (2018) found that, com pared with trans men and women, gen der 
nonconforming peo ple were at the greatest risk for reporting poor health, a pre dic tor 
highly cor re lated with mor tal ity (DeSalvo et al. 2006). In this way, we sus pect the 
mor tal ity rates vary within trans pop u la tions by gen der iden tity or expres sion. The 
crude strat i fi ca tion of the trans and non-trans sam ples by gen der allows for crit i cal 
healthrelated com par i sons to be made within and across gen der sub groups. Since 
insur ance claims data do not include selfreported gen der iden tity or expres sion, we 
strat i fied the trans cohort on the basis of their sex at enroll ment and their use of “fem-
i niz ing” or “mas cu lin iz ing” hor mones and sur ger ies. Specifically, trans mas cu line 
and non bi nary peo ple refers to indi vid u als with a female sex at enroll ment who have 
received mas cu lin iz ing hor mones (e.g., tes tos ter one) and/or pro ce dures (e.g., mas tec-
tomy, phalloplasty, metoidioplasty). We include mas cu line and non bi nary in the gen
der label because trans indi vid u als with a female sex who have affirmed their gen der 
with mas cu lin iz ing hor mones or pro ce dures may be seek ing a non bi nary to mas cu line 
gen der expres sion (Deutsch 2016). Trans fem i nine and non bi nary peo ple are indi vid
u als with a male sex at enroll ment who have received fem i niz ing hor mones (e.g., 
estro gen) and/or pro ce dures (e.g., breast aug men ta tion, vaginoplasty). We include 
fem i nine and non bi nary in the gen der label because trans indi vid u als with a male 
sex who have affirmed their gen der with fem i niz ing hor mones or pro ce dures may 
be seek ing a non bi nary to fem i nine gen der expres sion (Deutsch 2016). Trans indi
vid u als who received trans-spe cific diag noses (e.g., gen der iden tity dis or der) but did 
not receive hor mones or pro ce dures or who had both mas cu lin iz ing and fem i niz ing 
hor mones or pro ce dures (e.g., tes tos ter one and breast aug men ta tion, or estro gen and 
phalloplasty) could not be cat e go rized by gen der spec trum and were coded as trans 
unclas si fied. Nontrans indi vid u als were coded as non-trans male or non-trans female 
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by examining their sex listed at enrollment. We cre ated these categories in close con
sul ta tion with our com mu nity advi sory board, com posed of trans peo ple from the 
Northeast, who pro vided input on the meth ods and ter mi nol ogy. We under stand that 
these terms may not be fre quently used by trans peo ple as a means of self-iden ti fi ca tion;  
how ever, the com mu nity advi sory board felt these terms and meth ods were the most 
accu rate way to strat ify our sam ple by gen der expres sion.

Assessment of All-Cause Mortality

Optum col lected month and year of death infor ma tion from claims (e.g., dis charge 
sta tus being “expired,” or rea son for cov er age dis con tin u a tion being “death”) and data 
from the Social Security Administration’s (SSA) Death Master File, which has been 
shown to have rel a tive agree ment with the National Death Index (Lash and Silliman 
2001) and the Centers for Medi care and Med ic aid Services (CMS). Optum linked 
enroll ment infor ma tion to SSA and CMS data using social secu rity num bers plus one 
piece of infor ma tion, such as name or date of birth. This study was reviewed and deemed 
exempt by the University of Michigan Institutional Review Board (HUM00161819).

Statistical Analyses

All ana ly ses were conducted over age with time zero set at age 18. For nontrans 
indi vid u als, the observed sur vival period began the day of their enroll ment or the day 
they turned 18 and ended when they either disenrolled (admin is tra tive cen sor ing) or 
died. To account for immor tal ity time bias (i.e., bias due to observ able peri ods where 
a death can not occur) (Levesque et al. 2010), which has been pres ent in other stud
ies (Boyer et al. 2021), trans indi vid u als’ observed period began the day they were 
iden ti fied as trans or the day they turned 18 with a prior trans iden ti fi ca tion and ended 
when they either disenrolled or died. To ensure data were not iden ti fi able, Optum 
trun cated date of birth infor ma tion of those over 89 years. Therefore, we recoded the 
last observed period for those over the age of 89 to 89.9, and any deaths that occurred 
over the age of 89 were not included. Thus, all  indi vid u als who sur vived to 89.9 were 
coded as right cen sored at age 89.9 with no mor tal ity event.

All sta tis ti cal ana ly ses were conducted using Stata/MP 14.2. To test our first 
hypoth e sis—whether trans peo ple were at a higher risk of mor tal ity at every age than 
their non-trans coun ter parts—we fit Kaplan–Meier sur vival curves to our data, strat-
i fy ing by gen der modal ity (i.e., nontrans vs. trans), and performed logrank tests for 
equal ity of sur vi vor func tions (Savage 1956). We also cal cu lated agecohort mor tal
ity rates per thou sand along with stan dard ized mor tal ity ratios (SMRs) com par ing the 
trans cohort to their nontrans coun ter parts. To test our sec ond and third hypoth e ses— 
whether TMN, TFN, and unclas si fied trans indi vid u als were at a greater risk of mor-
tal ity at every age than both nontrans males and nontrans females, with TFN peo
ple being at the greatest risk com pared to all  groups—we fit Kaplan–Meier sur vival 
curves to our data, strat i fy ing by gen der and gen der modal ity. We also cal cu lated 
agecohort mor tal ity rates per thou sand along with SMRs com par ing the TFN, TMN, 
and unclas si fied trans cohorts to non-trans males and females.
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Results

Table 2 pro vi des descrip tive infor ma tion about the sam ple and num ber of years of 
obser va tion for the trans and nontrans cohorts. Our study included 5,035 TFN, 8,976 
TMN, and 15,747 trans unclas si fied peo ple, as well as more than 2 mil lion non-trans 
females and 2 mil lion nontrans males. Overall, we observed the trans cohort for 
58,525 per sonyears and the nontrans cohort for over 13 mil lion per sonyears. Trans 
peo ple were six years youn ger at base line, on aver age, than nontrans peo ple (39 vs. 
45) and eight years youn ger, on aver age, at their last observed time (41 vs. 49). While 
the trans and nontrans cohorts were sim i larly dis trib uted in the Midwest and North
east, trans peo ple were over rep re sented in the West (26%) and under rep re sented in 
the South (41%) com pared to the nontrans cohort (20% and 44%, respec tively).

Comparing Trans and Non-Trans Cohorts

Figure 2 pres ents Kaplan–Meier sur vival curves com par ing the trans and non-trans 
cohorts over age. Overall, trans peo ple died at ear lier ages than nontrans peo ple. 
Twenty-five per cent of the trans cohort died by the age of 69, com pared with 25% of 
the nontrans cohort by the age of 75, and half of the trans cohort died by the age of 77, 
com pared with half of the nontrans cohort by the age of 84. For a break down of the 
pro por tion sur vived by gen der modal ity, see the first table in the online sup ple ment.

Table 3 pro vi des the esti mated rates of mor tal ity for 10-year age cohorts strat i fied 
by gen der modal ity, along with SMRs. At every age, trans peo ple were at higher risk 
of death than nontrans peo ple, although between the ages of 30 and 39 the esti ma tes 
did not reach sta tis ti cal sig nifi  cance. Overall, trans peo ple had nearly dou ble the mor-
tal ity rate of their nontrans coun ter parts (SMR = 1.80; CI = 1.67 – 1.93). Had the trans 
cohort expe ri enced the same rate of mor tal ity at each age as the nontrans cohort, 
we esti mated that we would have observed 418 trans deaths; how ever, the observed 
num ber of trans deaths was 724 (sig nifi  cantly dif fer ent at p < .0001). Thus, 42% of the 
observed deaths in the trans cohort are esti mated to be excess deaths.

Table 2 Survival sum mary sta tis tics and cen sus region by gen der modal ity

Trans (n = 29,758) NonTrans (n = 4,145,199)

Mean SD No. (%) Mean SD No. (%)

Age of Entry 39 17 45 18
Age of Exit 41 18 49 19
PersonYears at Risk 2 2 58,525 3 3 13,871,208
Deaths (% of n) 724 (2.43%) 162,338 (3.9%)
Census Regiona

 Midwest 6,798 (23%) 956,656 (23%)
 Northeast 2,956 (10%) 457,531 (11%)
 South 12,119 (41%) 1,830,125 (44%)
 West 7,685 (26%) 831,874 (20%)

a Information on cen sus region was miss ing for 69,213 peo ple.
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Comparing Trans and Non-Trans Cohorts Stratified by Gender

Figure 3 pres ents Kaplan–Meier curves com par ing each cohort (i.e., non-trans males 
and females, TFN and TMN peo ple, and trans unclas si fied peo ple) over age. TFN 
and trans unclas si fied peo ple expe ri enced the worst mor tal ity con di tions over the life 
course. Among the TFN group, 25% died before the age of 63 and half died before 
the age of 75. Among the trans unclas si fied group, 25% died before age 67 and half 

Table 3 Rate of mor tal ity by age cohort and gen der modal ity

Age
Trans Mortality Rate  

(per 1,000)
NonTrans Mortality Rate  

(per 1,000)
SMR  

(95% CI)

18–29 1.05 0.57 1.85
(1.15, 2.97)

30–39 0.92 0.60 1.55
(0.81, 2.98)

40–49 3.28 1.37 2.40
(1.72, 3.34)

50–59 5.85 4.04 1.45
(1.12, 1.87)

60–69 21.68 11.91 1.82
(1.55, 2.14)

70–79 52.35 27.05 1.94
(1.68, 2.24)

80–90 162.71 93.26 1.74
(1.55, 1.96)

Overall 1.80
 (1.67, 1.93)

Note: SMR = stan dard ized mor tal ity ratio.
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Fig. 2 Kaplan–Meier survival curves showing the proportion surviving by gender modality
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died before age 75. The rates of mor tal ity for these two groups were sig nifi  cantly 
worse than those for both nontrans males and females. Overall, TMN peo ple did not 
have sig nifi  cantly greater mor tal ity rates than non-trans females, but they did have 
sig nifi  cantly bet ter sur vival rates over all than non-trans males. For a break down of 
the pro por tion sur vived by gen der, see the sec ond table in the online sup ple ment. As 
shown in Table 4, we also found that TFN and unclas si fied trans indi vid u als expe ri-
enced sta tis ti cally higher rates of mor tal ity over all than their TMN coun ter parts.

Table 5 pro vi des the strat i fied esti mated rates of mor tal ity for 10-year age cohorts 
(except for ages 18–29), by gen der. TFN and trans unclas si fied indi vid u als were at 
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Fig. 3 Kaplan–Meier survival curves showing the proportion surviving by gender. TFN = trans feminine 
and nonbinary. TMN = trans masculine and nonbinary.

Table 4 Expected and observed deaths by gen der

TFN  
(111 observed)

TMN  
(81 observed)

Trans Unclassified  
(532 observed)

Reference Expected Excess
% 

Excess Expected Excess
% 

Excess Expected Excess
% 

Excess

TFN 129* −48 −59% 534 −2 0
TMN 63*** 48 43 442*** 90 17
Trans 

Unclassified
109 2 2 171*** −90 −111%

NonTrans 
Males

58*** 53 48 121** −40 −33% 304*** 228 43

NonTrans 
Females

42*** 69 62 87 −6 −7% 235*** 297 56

Notes: TFN = trans fem i nine and non bi nary. TMN = trans mas cu line and non bi nary. p val ues are derived 
from logrank tests of equal ity.

*p < .05; **p < .01; ***p < .001
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the greatest risk of mor tal ity over all. Compared with nontrans males, TFN peo ple 
were at an 89% increased risk of mor tal ity over all (SMR = 1.89; CI = 1.57 – 2.77), 
with much of the dif fer ence being attrib uted to risk between the ages of 30 and 49 
years (SMRs of 3.60 and 4.33, respec tively). Compared with nontrans females, TFN 
peo ple were at a 157% increased risk of mor tal ity through out the entire period (SMR 
= 2.57; CI = 2.13 – 3.10), with sig nifi  cantly greater risk at every age except 18–29. 
Trans unclas si fied peo ple were at a greater risk of mor tal ity com pared with non-trans 
males, hav ing a com par a tive SMR of 1.93 (CI = 1.77 – 2.10); when com pared with 
nontrans females, they had an over all SMR of 2.45 (CI = 2.25 – 2.67), with the high
est SMR for ages 18–29 (3.22; CI = 1.78 – 5.82). Finally, TMN peo ple were less likely 
to die over all, with an over all SMR of 0.64 (CI = 0.52 – 0.80) when com pared with 
non-trans males. We did not find TMN peo ple to have sig nifi  cantly dif fer ent mor tal-
ity rates than nontrans females, although we did doc u ment ele vated risk between the 
ages of 40 of 49 (SMR = 2.02; CI = 1.19 – 3.40). TMN peo ples’ mor tal ity rates rel a-
tive to both nontrans males and females seemed to decline with age as their rel a tive 
SMRs decreased in older ages.

Discussion

The National Academy’s Committee on Understanding the WellBeing of Sexual 
and Gender Diverse Populations (National Academies of Sciences, Engineering, and 
Medicine 2020) has spe cifi  cally called for research on the mor tal ity con di tions of 
trans pop u la tions. To our knowl edge, this national study helps to fill this gap by pre
senting and com par ing some of the first age-spe cific mor tal ity rates for trans and non-
trans U.S. pop u la tions using com mer cial insur ance data. Findings from this study 
high light impor tant areas for future research to bet ter under stand and address dispar
ities in mor tal ity among trans pop u la tions. Overall, we found sub stan tial mor tal ity 
disparities between the trans and nontrans cohorts, as well as between trans sub sam
ples. Evidence sug gests that pri vate insur ance is the most com mon form of cov er age 
among some sub groups of trans pop u la tions, such as White trans peo ple (James et al. 
2016); thus, our find ings may be more gen er al iz able than pre vi ously reported mor tal-
ity stud ies with trans and nontrans pop u la tions receiv ing care through the Veterans 
Health Administration (Blosnich et al. 2014; Boyer et al. 2021). Our use of national 
data also makes these find ings more rep re sen ta tive than prior geo graph i cally lim ited 
research with trans and nontrans indi vid u als in Georgia and California (Quinn et al. 
2017). These find ings under score the need for future pro spec tive research to under-
stand the mech a nisms that may be driv ing the mor tal ity disparities observed here. This 
research can also be used to inform future inter ven tion efforts aimed at improv ing  
the mate rial, social, and health con di tions of trans peo ple in the United States as a 
means to reduce these documented mor tal ity disparities. Trans deaths, par tic u larly 
those resulting from vio lence, are simul ta neously sen sa tion al ized and obscured in the 
media, driv ing a soci e tal hyper aware ness of trans vic tim hood with out much accom
pa ny ing effort to change the social con di tions that lead to these deaths (Westbrook 
2021). We hope that our study empha sizes the urgent need to invest in the health and 
wellbeing of trans peo ple in the United States to reduce mor tal ity disparities.
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As hypoth e sized, we found that trans peo ple are at greater risk of mor tal ity at 
nearly every age com pared with their nontrans coun ter parts. Indeed, at each of the 
age inter vals exam ined, the trans cohort had sig nifi  cantly higher mor tal ity rates than 
the non-trans cohort, except for ages 30–39, and the over all rate of mor tal ity was 
nearly twice as a high among the trans sam ple than among the nontrans sam ple. 
Moreover, we found that the median life expec tancy was seven years shorter for 
trans peo ple than for their non-trans coun ter parts. These find ings pro vide evi dence 
that some trans and nontrans pop u la tions expe ri ence sub stan tially dif fer ent mor tal ity 
con di tions over all and across the life course. Our evi dence cor rob o rates Blosnich et al. 
(2014) and Quinn et al. (2017): over all, trans peo ple expe ri enced greater mor tal ity 
risk than their non-trans coun ter parts as revealed in claims data. Yet these find ings 
diverge from those of Boyer et al. (2021), who found that trans vet er ans expe ri enced 
less all cause mor tal ity than their nontrans coun ter parts. However, Boyer et al. 
(2021) did not account for immor tal time bias (Levesque et al. 2010), which may 
have deflated the risk among trans-iden ti fied cohorts.

Research sug gests that antitrans stigma reduces trans peo ples’ access to health 
care, hous ing, and employ ment while increas ing inter per sonal vio lence, excess 
stress, and hyper vig i lance (Hendricks and Testa 2012; Hughes et al. forth com ing; 
White Hughto et al. 2015). In par tic u lar, research has documented the health costs 
of higheffort cop ing with adver sity—such as the sustained cog ni tive and emo tional 
engage ment required to per se vere in the face of dis crim i na tion—among socially mar
gin al ized groups that may result in early mor bid ity and mor tal ity (Bennett et al. 2004; 
Geronimus 1992; Geronimus et al. 2006; Geronimus et al. 2020; Geronimus et al. 
2015; James 1994). For exam ple, trans peo ple may face dis crim i na tion in hous ing, 
employ ment, or social cir cles that requires tax ing cog ni tive and emo tional engage
ment and contributes to poor health out comes (White Hughto et al. 2015). Given the 
nature of claims data, we were unable to assess the rela tion ship between antitrans 
stigma, cop ing, and mor tal ity risk in this sam ple. Thus, lon gi tu di nal cohort stud ies 
are needed to explore antitrans stigma and other driv ers of health inequities on mor
tal ity among trans pop u la tions. Such stud ies would allow research ers to estab lish the 
tem po ral rela tion ship between antitrans stigma and mor tal ity for trans pop u la tions 
and con tinue to uncover the mech a nisms through which stigma operates to inform 
inter ven tion efforts.

Findings from this study largely supported our hypoth e ses related to dif fer ences in 
mor tal ity risk by gen der sub group. Consistent with our sec ond hypoth e sis, TFN peo ple 
were at increased risk of mor tal ity com pared with both nontrans males and females at 
nearly all  ages. Additionally, we found that the over all stan dard ized rates of mor tal ity 
among TMN were sta tis ti cally bet ter than those of nontrans males, but were not sta
tis ti cally dif fer ent from those of nontrans females over all, which does not sup port our 
sec ond hypoth e sis. Notably, how ever, when explor ing spe cific age inter vals, we found 
that between the ages of 18 and 29, TMN peo ple expe ri enced over a two fold increased 
mor tal ity risk com pared with nontrans females, which sug gests this may be a par tic
u larly vul ner a ble period for TMN peo ple. This dif fer ence was not sta tis ti cally sig nifi -
cant, which may be due to our small sam ple size dur ing this period rather than actual 
risk. Prior research has documented higher rates of selfinjury and sui cidal ide a tion 
among young (ages 18–29) TMN peo ple than among their non-trans peers (James et al. 
2016; Marshall et al. 2016); thus, it is pos si ble that death by sui cide may be driv ing 
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these agerelated disparities. Future research should focus on cap tur ing the cause of 
death to under stand the driv ers of these disparities.

In addi tion to the betweengroup disparities observed, we found that TFN indi
vid u als were at greater risk of mor tal ity than their TMN coun ter parts. Moreover, 
although recent data sug gest that TMN peo ple are at a greater risk of mor bid ity than 
their TFN peers (Hughes et al. 2021), our ana ly ses sug gest that TFN peo ple are at 
a greater risk of morbidity than their TMN peers. This find ing is anal o gous to the 
gen der par a dox described in cisgender pop u la tions, in which cis women expe ri ence 
greater risk of mor bid ity but improved sur vival out comes (Case and Paxson 2005; 
Nathanson 1975). Prior stud ies have documented par tic u larly high risks of homi cide, 
sub stance use, and chronic health con di tions among trans women, which may be driv
ing the dif fer ences in the risk of mor tal ity observed here (Becasen et al. 2019; Dinno 
2017; Downing and Przedworski 2018; Hughto et al. 2021; Jasuja et al. 2020). Fur
ther, although other research has reported com pa ra ble or even higher rates of  sui cide 
attempts among trans men in com par i son to trans women, one study conducted in the 
Netherlands found that the inci dence of death by sui cide among trans women was 
more than twice that of trans men (Marshall et al. 2016; Wiepjes et al. 2020). Future 
research is needed to explore the causal mech a nisms under ly ing mor tal ity disparities 
between trans women, trans men, and nonbinary peo ple so that inter ven tions can be 
devel oped to pre vent pre ma ture death among these pop u la tions.

Future mor tal ity stud ies with trans pop u la tions should strat ify anal y sis by gen der 
iden tity (or when not pos si ble, by gen der expres sion) and con sider explor ing other 
pop u la tionlevel fac tors such as race, eth nic ity, class, and migra tion sta tus, which 
may inter act with gen der modal ity to affect mor tal ity risk. In par tic u lar, research ers 
might focus on exam in ing the mor tal ity con di tions of trans women of color, who are 
at high risk of vio lence, homi cide, HIV, and posttrau matic stress and other men tal 
health con di tions that may drive excess mor tal ity when com pared to other trans pop
u la tions (Becasen et al. 2019; Dinno 2017; Poteat et al. 2016; Reisner et al. 2016; 
Sherman et al. 2020).

Given the nec es sary use of mas cu lin iz ing and fem i niz ing hor mones or pro ce dure 
claims to cat e go rize the gen der expres sion (e.g., TFN vs. TMN) of trans indi vid u als, 
we were unable to clas sify 53% of the trans sam ple according to gen der (trans unclas
si fied). Notably, how ever, we found that this sub set of the trans sam ple had among 
the greatest risk of mor tal ity, sim i lar to the risk of TFN peo ple. It is pos si ble that this 
unclas si fied group may con tain a greater per cent age of trans peo ple who do not desire 
med i cal gen der affir ma tion (lead ing them to have an uniden ti fied gen der expres sion 
in our algo rithm) and have increased mor tal ity risk because of the increased anti
trans stigma asso ci ated with gen der non con for mity or a non bi nary iden tity (Miller 
and Grollman 2015) and expres sion (Reisner et al. 2015). It is also pos si ble that such 
indi vid u als have higher rates of chronic med i cal con di tions that pre clude them from 
accessing med i cal forms of gen der affir ma tion—con di tions that are also asso ci ated 
with increased mor tal ity (e.g., untreated seri ous psy cho log i cal ill ness, prior venous 
throm bo sis, endstage chronic liver dis ease) (Coleman et al. 2012). Additionally, 
prior research has found that lack of access to med i cal gen der affir ma tion is asso-
ci ated with poor phys i cal and men tal health, as well as suicidality (Coleman et al. 
2012; Glick et al. 2018; Nemoto et al. 1999; Sanchez et al. 2009; White Hughto et al. 
2015). Thus, if indi vid u als in this group desire med i cal gen der affir ma tion but are 
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unable to receive it owing to geo graphic, finan cial, social, or med i cal bar ri ers, they 
may be at greater risk for mor bid ity and mor tal ity rel a tive to the other trans sub groups 
in our sam ple who were  able to access med i cal gen der affir ma tion and be clas si fied 
according to gen der expres sion (Wilson et al. 2015). Our work high lights the need 
for gov ern ment, admin is tra tive, and pop u la tion health sur veil lance sys tems to col
lect appro pri ate gen der iden tity data. Demographic stud ies have the oppor tu nity to 
pro vide vital sta tis tics to esti mate mor tal ity and mor bid ity in the gen eral pop u la tion. 
With few excep tions (Downing and Przedworski 2018; Meyer et al. 2017), exist
ing sur veil lance efforts do not col lect indi vid u als’ gen der iden tity, which con tin ues 
to erase trans peo ple and fore close empir i cal anal y sis of many impor tant ques tions. 
Large national data sets that con tain indi ca tors of gen der iden tity and cause of death 
are there fore needed to bet ter char ac ter ize mor tal ity risks among trans sub groups rel
a tive to their nontrans coun ter parts.

Limitations

Important lim i ta tions stem from our use of insur ance claims for this study. Our sam
pling frame included only those with com mer cial insur ance or enrolled in Medi care 
Advantage; it did not include indi vid u als with other forms of pub lic or pri vate insur
ance or unin sured indi vid u als. Since peo ple with com mer cial insur ance tend to be 
health ier than those with pub lic insur ance or none, we expect that the disparities 
observed here would be even more pro nounced if we were to sam ple from the gen
eral pop u la tion. Furthermore, not all  deaths among those in our study were cap tured 
by Optum’s claims data. Starting in 2011, some states stopped con trib ut ing dates of 
death to the SSA office out of pri vacy con cerns, prompting Optum to stop using state-
 reported infor ma tion for the SSA Death Master File in 2011, caus ing a 30% drop in 
reported deaths. Therefore, the results of this study reflect deflated esti ma tes of the 
true age of death. However, it is unlikely that this impacted date of death reporting 
for trans and nontrans peo ple dif fer en tially, mean ing our esti ma tes of mor tal ity dis
parities are unlikely to be biased by this lim i ta tion.

Additionally, these data did not con tain reli able infor ma tion about indi vid u als’ gen
der iden tity or sex assigned at birth, intro duc ing fur ther bias (Kronk et al. 2021). The 
algo rithm we used to iden tify trans indi vid u als is likely insen si tive because (1) not all  
trans peo ple seek gen der-affirming health care; (2) in some cases, gen der-affirming 
health care is indis tin guish able from rou tine health care; and (3) not all  trans peo ple 
with insur ance access gen der-affirming care because of lack of avail abil ity or trust in 
med i cal care sys tems (Glick et al. 2018). Thus, this sam ple rep re sents a sub set of trans 
peo ple who were engaged in a par tic u lar set of gen der-affirming health care prac tices 
over the study period and is not rep re sen ta tive of the entire trans pop u la tion. However, 
gen der-affirming care has been linked to bet ter health out comes (Keo-Meier et al. 2011; 
Murad et al. 2010; White Hughto and Reisner 2016; Wilson et al. 2015), thus we expect 
that the dis par ity in mor tal ity observed here would be even more pro nounced had we 
been  able to include trans indi vid u als who had not received a diag no sis, pro ce dure, or 
pre scrip tion that we were  able to cap ture. Moreover, given that the trans pop u la tion is 
esti mated to be 0.6% of the U.S. pop u la tion (Flores et al. 2016), the inclu sion of some 
trans peo ple into the nontrans cohort was unlikely to mean ing fully affect mor tal ity  
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esti ma tes. Although prior research has included inter sex peo ple under the trans umbrella 
(James et al. 2016), given that we do not know how par tic i pants iden tify, it is pos si ble 
that indi vid u als who iden tify as inter sex and do not con sider them selves to be trans were 
included in the trans cohort if they did not have a trans diag no sis code, had received an 
endo crine NOS code, or were tak ing sexdis cor dant hor mones at a level con sis tent with 
those used for gen der-affirming care. Lastly, we defined the sub pop u la tions within the 
trans cohort as trans mas cu line/non bi nary and trans fem i nine/non bi nary on the basis 
of their sex at enroll ment and use of fem i niz ing or mas cu lin iz ing hor mones and pro ce
dures. This cat e go ri za tion may not have accu rately cap tured their sex assigned at birth 
and does not reflect gen der iden tity. As a result, we were unable to exam ine mor tal ity 
disparities across mul ti ple gen der iden tity sub groups (e.g., non bi nary vs. trans men vs. 
trans women).

Conclusion

To our knowl edge, this is one of the larg est stud ies to doc u ment withingroup and 
betweengroup disparities in mor tal ity among U.S. trans and nontrans pop u la tions. 
Trans peo ple in our study had sig nifi  cantly higher rates of mor tal ity at nearly every 
age than their non-trans coun ter parts. We also found sig nifi  cant var i a tion of mor tal-
ity risk within sub pop u la tions of trans peo ple, with the trans fem i nine/non bi nary and 
trans unclas si fied groups being at the greatest risk of mor tal ity. These find ings high-
light the need to col lect more robust gen der iden tity data in mor tal ity sur veil lance 
sys tems to allow for more nuanced future research. Such research could also be used 
to inform the devel op ment of pub lic health inter ven tions to pre vent early mor tal ity 
among trans pop u la tions in the United States. ■
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