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ABSTRACT

Purpose The Study of Transition, Outcomes and Gender
(STRONG) was initiated to assess the health status of
transgender people in general and following gender-
affirming treatments at Kaiser Permanente health plans

in Georgia, Northern California and Southern California.
The objectives of this communication are to describe
methods of cohort ascertainment and data collection and
to characterise the study population.

Participants A stepwise methodology involving
computerised searches of electronic medical records
and free-text validation of eligibility and gender
identity was used to identify a cohort of 6456 members
with first evidence of transgender status (index date)
between 2006 and 2014. The cohort included 3475
(54%) transfeminine (TF), 2892 (45%) transmasculine
(TM) and 89 (1%) members whose natal sex and
gender identity remained undetermined from the
records. The cohort was matched to 127 608 enrollees
with no transgender evidence (63 825 women and
63783 men) on year of birth, race/ethnicity, study site
and membership year of the index date. Cohort follow-
up extends through the end of 2016.

Findings to date About 58% of TF and 52% of TM
cohort members received hormonal therapy at Kaiser
Permanente. Chest surgery was more common among
TM participants (12% vs 0.3%). The proportions of
transgender participants who underwent genital
reconstruction surgeries were similar (4%-5%) in the
two transgender groups. Results indicate that there are
sufficient numbers of events in the TF and TM cohorts
to further examine mental health status, cardiovascular
events, diabetes, HIV and most common cancers.
Future plans STRONG is well positioned to fill
existing knowledge gaps through comparisons of
transgender and reference populations and through
analyses of health status before and after gender
affirmation treatment. Analyses will include incidence
of cardiovascular disease, mental health, HIV and
diabetes, as well as changes in laboratory-based
endpoints (eg, polycythemia and bone density), overall
and in relation to gender affirmation therapy.

Strengths and limitations of this study

» Perhaps the most important strength of this study is
systematic cohort identification without a need for
participant opt-in.

» Additional strengths inlude accurate determination
of gender identity and comprehensive ascertainment
of hormonal and surgical treatment received at
Kaiser Permanente.

» Notable weaknesses of the study include relatively
short follow-up, dearth of information on gender
affirmation treatment received outside of the health
plans and lack of data on outcomes not captured in
the medical records.

INTRODUCTION
Transgender people are a diverse group of
individuals whose biological sex does not
match their gender identity.' Typically, sex
is assigned at birth based on the appear-
ance of the genitalia.” In contrast, an indi-
vidual’s gender identity is defined as being a
male/man, female/woman or of a different
gender.”® Many transgender people may not
self-identify based on binary definitions;*
however, a person whose gender identity
differs from a male natal sex assignment is
often referred to as male-to-female or trans
woman, and a person whose gender identity
differs from a female natal sex s often referred
to as a female-to-male or trans man.”® More
recently, the terms transfeminine (TF) and
transmasculine (TM) have become preferred
as they also apply to individuals who do not
identify with binary gender categories.7
Transgender individuals sometimes seek
medical gender affirmation, which may involve
administration of cross-sex hormone therapy
(HT) to achieve desired masculinisation or
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Figure 1

STRONG transgender cohort ascertainment flow diagram. EMR, electronic medical record; ICD-9; International

Classification of Diseases, Ninth edition; STRONG, Study of Transition, Outcomes and Gender; TF, transfeminine; TM,

transmasculine.

feminisation, and/or surgical change of the genitalia and
other sex characteristics.® ¥ Although several organisations
have established guidelines for clinical care of transgender
patients,” ' many issues in transgender health and gender
affirmation therapy remain unresolved due to lack of direct
evidence.'" Consequently, many current practices and stan-
dards of care are based on expert opinion, case reports
or extrapolation of research findings from other popula-
tions. For example, current recommendations regarding
risk of venous thromboembolism in TF patients receiving
oestrogen are based on the observed effects of hormone
replacement therapy in postmenopausal women.'? ™ Simi-
larly, expected health risks in TM are inferred from comor-
bidities associated with polycystic ovary syndrome.'*
Critical knowledge gaps include the effect of HT and
surgery on gender dysphoria (the feeling of distress when
natal sex does not match gender identity'”) and other
mental health issues, haematological side effects of HT
and risk of cardiovascular disease, metabolic or endocrine
disorders and cancer following hormonal or surgical
gender affirmation.'® A direct evaluation of some of these
issues requires longitudinal studies with large numbers
of TM and TF participants with sufficient follow-up and
variable history of surgical interventions and cross-sex HT

use.'” These considerations motivated the design of the
longitudinal cohort for ‘Study of Transition, Outcomes
and Gender (STRONG)’. This paper provides a summary
of the challenges facing transgender health research,
describes the main elements of the STRONG study design
and data collection and discusses lessons learnt during
the implementation of this project. In this ‘cohort profile’
communication, we offer a detailed documentation of
methods used to assemble, validate and characterise the
STRONG cohort and offer an overall description of the
study population that will provide data for a multitude of
subsequent hypothesis-testing studies.

METHODOLOGICAL CHALLENGES FACING TRANSGENDER
HEALTH STUDIES

The methodological challenges in observational studies
of transgender health fall into five categories: (1) attaining
sufficient sample size and statistical power; (2) systematic and
comprehensive identification of eligible study participants
and comparable reference groups; (3) determination of natal
sex and/or gender identity; (4) assessment of current and
past gender affirmation treatment and (5) engagement of
patient and physician stakeholders at all stages of research.'”
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Table 1 ICD-9 codes and keywords used to identify potentially eligible STRONG transgender cohort members among KPGA,
KPSC and KPNC members

ICD-9 diagnostic codes ICD-9 V codes*+internal KP codes Keywords
302.5—trans-sexualism V49.89+121141596 —other conditions influencing "Transgender’
302.50—trans-sexualism with unspecified sexual health: transgender "Transsexual'
history (aka ‘trans-sexualism not otherwise specified’) V45.77+121141596—acquired absence of genital '"Transvestite'
302.51 —trans-sexualism with asexual history organs: history of sex reassignment surgery '‘Gender
302.52 —trans-sexualism with homosexual history V07.8+12124952 —other specified prophylactic identity"
302.53 —trans-sexualism with heterosexual history measure: male-to-female hormone supplementation 'Gender
302.85—gender identity disorder in adolescents or V07.8+12124310—other specified prophylactic dysphoria'
adults measure: female-to-male hormone supplementation 'Gender
302.6—gender identity disorder in children reassignment'

302.3—transvestic fetishism

*ICD-9 V codes are used for supplementary classification of factors influencing health status.*°*' As V codes may cover several conditions,
they have to be used in conjunction with internal KP codes to ensure specificity.

ICD-9, International Classification of Diseases Ninth edition; KP, Kaiser Permanente; KPGA, Kaiser Permanente health plan located in
Georgia; KPNC, Kaiser Permanente health plan located in Northern California; KPSC, Kaiser Permanente health plan located in Southern

California; STRONG, Study of Transition, Outcomes and Gender.

Transgender people represent a hard-to-reach popu-
lation, and to date most existing cohorts assessing trans-
gender health were assembled in specialised clinics that
provide gender affirmation care.'® ' This approach
provides good options for collecting detailed treatment
data and biospecimens but may exclude individuals
who have not sought or who have already completed
treatment, and makes it difficult to select comparable
reference groups.”’ In addition, establishing a large clin-
ic-based cohort requires coordination across multiple
sites, is costly and may still have small numbers resulting
in studies of relatively low statistical power.'”

Besides clinic-based studies, previous efforts to identify
transgender individuals for health research also involved
population surveys®' and reviews of electronic records for
relevant International Classification of Diseases (ICD)
codes.”* * While surveys offer generalisable population

estimates, they may be affected by recall bias and low
response rates and require large-scale efforts to identify
sufficient numbers of transgender people. Reliance on
ICD codes allows identifying large samples from insur-
ance claims or electronic medical records (EMRs), but
may exclude eligible study participants who do not have or
do not wish to receive a transgender-specific diagnosis.**

A critical aspect of transgender research is accurate
identification of gender identity. In recent years, the
US Department of Health and Human Services issued
a directive that EMR systems should enable providers
to record gender identity and sexual orientation.” This
directive should improve documentation over time; but
in the meantime, determination of TF or TM status pres-
ents a methodological challenge because the available
demographic data can reflect natal sex or gender iden-
tity, without specifying which is which. Assessing TM/TF

Table 2 Keywords used for STRONG transgender cohort natal sex assignment

Transfeminine Natal sex keywords

'Testes', 'testicular', 'penis', 'penile’, 'prostate’, 'prostatic’, 'PSA', 'scrotum’,

'neovagina’, 'neo vagina', 'neo-vagina', 'sperm', 'erection'

Hormonal therapy
keywords

‘Estrogen’, 'anti-androgen', 'progesterone’, 'aldactone’, ‘avodart’, ‘cenestin’,
‘climara’, 'cyprostat’, 'cyproterone’, 'delestrogen’, 'depo-estradiol', 'divigel’,

'dutasteride’, 'elestrin’, 'enjuvia’, 'estrace’, 'estradiol’, 'estroderm’, 'estrogel’,
'estrosorb’, 'flutamide’, 'finasteride', 'lupron’, 'medroxyprogesterone’, '‘premarin’,
‘premphase’, 'prempro’, 'propecia’, ‘proscar’, 'prometrium', 'provera’,

'spironolactone’
Procedure keywords

'Castration’, 'orchiectomy', 'penectomy’, 'vaginoplasty', 'breast augmentation’,

'breast enlargement’, 'laryngeal shave', 'feminization’, 'electrolysis', 'hair transplant’,
‘collagen’, 'silicone’, 'voice therapy'

Transmasculine  Natal sex keywords

'Ovary', 'ovaries', 'ovarian', 'cervix', 'uterus', 'uterine', 'vagina', 'PAP smear",

'menstrual bleeding', 'menses’

Hormonal therapy
keywords

Procedure keywords

'striant', 'testim'’

‘oophorectomy’

'Android', 'androderm’, 'androgel’, 'axiron’, 'delatestryl’, 'depo-testosterone’,

'Vaginectomy', 'phalloplasty’, 'metoidioplasty’, 'mastectomy’, 'hysterectomy’,

PAP, Papanicolau; PSA, prostate specific antigen; STRONG, Study of Transition, Outcomes and Gender.
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Box Data available for Study of Transition, Outcomes and
Gender transgender cohort

Data categories and specific elements

Demographic and membership characteristics

» Age, sex and race/ethnicity

» Health plan site

» Area-based socioeconomic status factors*

» Enrolment/disenrolment intervals

» Insurance plan type

General health indicators

» Height/weight (body mass index)*

» Smoking status*

» Comorbidities

Gender affirmation procedures

» Current Procedure Terminology and/or International Classification of
Diseases code

» Date of procedure

» History of gender affirmation procedures (clinical notes)

Pharmacy records (hormone therapy, psychiatric medications)

» Medication prescribed

» Filled prescription for medication

» Dose

» Form

» Dates of prescription and fill

Visit-associated diagnoses

» Cardiovascular disease

» Diabetes

» HIV

» Mental health problems

Cancer diagnoses

» Stage

» Site

» Histology

» Date of diagnosis

Laboratory results

» Laboratory test

» Value

» Date

Vital status

» Date of death

» Cause of death

Note: *Assessed at index date (date of first evidence of transgender status in
electronic medical record).

status can be achieved by asking two questions about natal
sex and gender identity%; however, reliance on self-re-
port requires contact with individual participants and is
subject to non-response, which increases the risk of selec-
tion bias.

Insurance coverage for gender affirmation therapy has
increased over timeg7_29; however, it remains sporadic
and incomplete, and many transgender people seek
care outside of regular healthcare plans.”’ This presents
a specific challenge for any study that aims to ascertain
hormonal exposures and surgical procedures, particularly
for transgender people with no or inadequate insurance
coverage and for persons who initiated gender-affirming
therapy years ago.

In a rapidly developing field, such as transgender
health, even experienced researchers may lack specific
expertise required to prioritise research questions
and select the most relevant patient-centred outcome
measures. Thus, it is important to involve members of the
transgender community and their physicians to ensure
that the proposed research questions, study design and
data collection methods are relevant, appropriate and
feasible.! Conversely, as the research methods and
interpretation of findings are becoming increasingly
complex, researchers should communicate with stake-
holders directly to convey information relevant to their
decision-making.*

In sum, transgender health research faces signifi-
cant methodological challenges and logistical barriers.
These challenges and barriers contribute to the lack of
knowledge about the health risks in this population and
preclude development of evidence-based recommenda-
tions for transgender healthcare."'

COHORT DESCRIPTION

Study goals, design and setting

STRONG was initiated in September 2013 with the
primary long-term goal of assessing the health status
of transgender individuals overall, among TF/TM
subgroups, and in both subgroups after different types
of gender-affirming treatment. It was designed as an
EMR-based retrospective/prospective cohort study of
transgender members enrolled in three Kaiser Perma-
nente (KP) health plans located in Georgia (KPGA),
Northern California (KPNC) and Southern California
(KPSC). These health plans are prepaid integrated care
systems and currently provide comprehensive health
services to approximately 8 million members. Individuals
and their families may enrol through an employer, state
or federal programmes such as Medicaid and Medicare,
or directly. The populations of enrollees are sociode-
mographically diverse and broadly representative of the
communities in the corresponding areas.” **

The three KP organisations are members of several
research consortia including the Healthcare Systems
Research Network™ and the Mental Health Research
Network.” They share similarly structured databases
organised into ‘Virtual Data Warehouses’ (VDW), with
files stored behind security firewalls at each site. The files
have identical variable names, formats and specifications
that allow using centrally generated and/or distributed
programs to create harmonised analytic datasets.”” VDW
files are linked by unique individual identifiers, allowing
researchers to construct historical and prospective
cohorts.™

The study was conducted in partnership with the Emory
University, which served as the coordinating centre. All
activities described in this manuscript were reviewed and
approved by the Institutional Review Boards (IRBs) of the
four institutions.
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ICD-9 codes only ICD-9 codes + keywords Keywords only 518 Only11CD-9 code
5440 Text stringsirrelevant
to patient
v v v 2 Age at index < 3 years
612 (54%) 3968 (98%) 1876 (26%) 41 Evidence of disorders
Validated Validated Validated of sex development
6456
Final transgender cohort
2892 (45%)
g TM cohort
3475 (54%)
] TF cohort
N 89 (1.4%)
Unknown natal sex

Figure 2 Results of STRONG transgender cohort ascertainment and validation. ICD-9; International Classification of Diseases
Ninth edition; STRONG, Study of Transition, Outcomes and Gender; TF, transfeminine; TM, transmasculine.

The stakeholder involvement was achieved by assem-
bling a project advisory group. To recruit the Stakeholder
Advisory Group members, investigators at each site were
charged with identifying a leading clinician specialising
in transgender care. The physicians were then asked to
nominate one or two patients to serve as representatives
of the transgender community. The resulting Stakeholder
Advisory Group included 12 members. The stakeholders
made a number of important contributions to the project
at various stages of study design, planning and implemen-
tation, as described below.

Cohort ascertainment

Figure 1 shows the three-step algorithm used to identify
transgender cohort members. It includes initial EMR
search to identify cohort candidates (step 1), validation
of transgender status (step 2) and determination of TM/
TF status (step 3).

Step 1: Initial EMR search

A computer programme written using Statistical Anal-
ysis Software (SAS) V.9.4 (SAS Institute Inc., Cary, NC)
was used to search the EMRs of KPGA, KPNC and KPSC
members of all ages enrolled between 1 January 2006
and 31 December 2014 to identify two types of evidence
supporting transgender status: (1) relevant International
Classification of Diseases, Ninth edition (ICD-9) codes
and (2) presence of relevant specific keywords in free-
text clinical notes (table 1). The program was developed
and pilot-tested at KPGA and then distributed to the

remaining sites. Cohort ascertainment was undertaken
before the health plans switched to ICD-10 codes.

The diagnostic ICD-9 codes suggestive of transgender
status were selected based on consultations with the
STRONG Stakeholder Advisory Group and methodolo-
gies described in earlier studies.”” * Transvestic fetishism
(ICD-9 code 302.3) was included based on previous obser-
vations that men who initially meet criteria for this diag-
nostic category may later experience persistent gender
dysphoria consistent with transgender status.*

We also used ICD-9 V codes, which allow for supplemen-
tary classification of factors influencing health status.*’ *!
As 'V codes may cover several conditions, we used them in
conjunction with internal KP codes to ensure specificity.
For example, a combination of ICD-9 code V49.89 and
KP code 121141596 means ‘Other conditions influencing
health: transgender’.

The second method of transgender ascertainment
involved another custom-written program that iden-
tified the relevant keywords in free-text clinical notes
recognising that both appropriate and inappropriate
terms could be found in the EMR. During pilot testing,
an expanded list of keywords provided by the stake-
holders was used; that list was gradually shortened after
stepwise removal of keywords that did not contribute
additional cases. The resulting list provided a complete
cohort ascertainment with the shortest program
running time.
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Figure 3 Prevalence of transgender status by site and year of health plan enrolment. Dotted lines represent linear trends.
KPGA, Kaiser Permanente health plan located in Georgia; KPNC, Kaiser Permanente health plan located in Northern California;
KPSC, Kaiser Permanente health plan located in Southern California.

Step 2: Cohort validation

A separate program extracted short strings of text that
included 100 characters before and 50 characters after
each keyword of interest. When clinical notes contained
relevant keywords (with or without an ICD-9 code), trans-
gender status was confirmed through an examination
of the deidentified text strings by two trained reviewers.
Disagreements among reviewers were adjudicated by a
review committee that included two physician investiga-
tors (MG and VT) and the project manager (RN).

Cohort candidates with no keywords but at least two
different diagnostic codes or the same code on different
dates were considered eligible. The validity of this
approach was confirmed using unstructured chart review
during pilot testing of the study protocol, as described
previously.(

Members who had evidence of disorders of sex devel-
opment (ie, abnormalities of chromosomal, gonadal or
anatomic sex42) and those younger than 3 years of age at
the index date were excluded.

Step 3: Determination of TF/TM status

Each eligible study participant was categorised as TF
or TM using several methods. We used all keyword text
strings and ICD-9 codes extracted for step 1 to identify

additional words such as ‘male-to-female’, ‘female-to-male’
and gender affirmation V codes (V07.8+12124952and
V07.8+12124310). During the validation of transgender
status, the reviewers were also instructed to categorise
each eligible person as ‘natal male’, ‘natal female’ or
‘unclear’.

For persons whose TF/TM status was unclear after
the initial review and for persons with ICD-9 codes only,
another free-text program was developed to search for
keywords reflecting natal sex anatomy (eg, ‘testes’ or
‘ovaries’), history of specific procedures (eg, orchiec-
tomy or hysterectomy) or evidence of hormonal therapy
(eg, oestrogen or testosterone). The keywords used for
assigning TM/TF status are included in table 2. Text
strings containing TF-specific and TM-specific keywords
were reviewed and adjudicated as discussed above.

Gender affirmation treatment status

During the initial STRONG cohort validation (step 2)
and natal sex determination (step 3), reviewers were
instructed to check a box for ‘Evidence of treatment’
if the text strings provided an indication of receipt or
referral for HT, surgery or other relevant procedures
(eg, electrolysis). Disagreements were adjudicated as
described previously.

6
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Participant characteristics Overall transgender cohort, n (%) TF cohort, n (%)* TM cohort, n (%)*

KPNC 3842 (60) 1949 (56) 1831 (63)

KPGA 174 (2.7) 95 (2.7) 79 (2.7)

Non-Hispanic white 3532 (55) 1828 (53) 1669 (58)

Asian 515 (8.0) 305 (8.9) 203 (7.0)

Other/unknown 667 (10) 384 (11) 261 (9.0)

3-17years 1347 (21) 588 (17) 745 (26)

26-35years 1329 (21) 600 (17) 707 (24)

46-55years 779 (12) 552 (16) 219 (7.6)

Smoking statust

Former 873 (14) 461 (13) 401 (14)

Unknown 543 (8.4) 312 (9.0) 207 (7.2)

Underweight 150 (2.3) 96 (2.8) 52 (1.8)

Overweight 1648 (26) 915 (26) 710 (25)

Unknown 564 (8.7) 331 (9.5) 219 (7.6)

Yes 265 (4.1) 138 (4.0) 123 (4.3)

Unknown 162 (2.5) 86 (2.5) 67 (2.3)

<80% of residents have high school or less 2634 (41) 1405 (40) 1194 (41)

>50% have high school or less 1467 (23) 795 (23) 655 (23)

Total, n (%) 6456 (100) 3475 (54) 2892 (45)

*Excludes 89 persons with unknown natal sex.

TAssessed at index date (date of first evidence of transgender status in electronic medical records).

KPGA, Kaiser Permanente health plan located in Georgia; KPNC, Kaiser Permanente health plan located in Northern California; KPSC,
Kaiser Permanente health plan located in Southern California; STRONG, Study of Transition, Outcomes and Gender; TF, transfeminine; TM,
transmasculine.

In addition to text string reviews, gender affirmation  oestradiol, spironolactone) in a natal male and TM drugs

treatment status was determined by linkage with cross-sex (eg, testosterone) in a natal female were considered as
hormone prescriptions using national drug codes, as well ~ evidence of HT.

as ICD-9, ICD-10 and Current Procedure Terminology As a result of these steps, cohort members were cate-
(CPT) codes reflecting surgeries and other interven-  gorised based on evidence of HT and surgical or other
tions (online supplementary tables 1-6). TF drugs (eg, gender affirmation procedures. Gender affirmation

~
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Table 4 Gender affirmation status of the STRONG transgender cohort members

Gender affirmation evidence and type

Overall transgender cohort, n (%) TF cohort, n (%)* TM cohort, n (%)*

Evidence of treatment

Anyt 4040 (63)

None 2416 (37)
Cross-sex hormone therapy

Specific evidence at KP 3544 (55)

Evidence in the text only 187 (2.9)

No evidence 2725 (42)
Gender affirmation surgery

Top surgery at KP only 369 (5.7)

Orchiectomy at KP with or without top 52 (0.8)

Hysterectomy and/or oophorectomy at KP

with or without top 311 (4.8)

Genital reconstruction at KP with or without

other surgery 299 (4.6)

Evidence in the text only 432 (6.7)

No evidence 4993 (77)

Procedures to alter secondary sex characteristics

Specific evidence at KP 678 (11)

Evidence in the text only 58 (0.9)

No evidence 5720 (89)
Total 6456 (100)

2244 (65) 1792 (62)
1231 (35) 1100 (38)
2030 (58) 1514 (52)
112 (3.2) 72 (2.5)
1333 (38) 1306 (45)
12 (0.3) 357 (12)
52 (1.5) 0 (0)

0 (0) 311 (11)
181 (5.2) 118 (4.1)
253 (7.3) 179 (6.2)

2977 (86) 1927 (67)

385 (11) 293 (10)
52 (1.5) 6(0.2)

3038 (87) 2593 (90)
3475 (100) 2892 (100)

*Excludes 89 persons with unknown natal sex.
FIncludes non-specific history and referral for treatment.

KP, Kaiser Permanente; STRONG, Study of Transition, Outcomes and Gender; TF, transfeminine; TM, transmasculine.

procedures were categorised as: bottom (eg, vaginoplasty
for TF or vaginectomy for TM); top (eg, breast augmen-
tation for TF or mastectomy for TM); interventions to
change secondary sex characteristics (eg, electrolysis) or
not specified (ie, evidence of surgery in the text only).

Selection of the reference cohort

Up to 10 male and 10 female KP enrollees without
evidence of transgender status were matched to each
member of the final validated transgender cohort on year
of birth (within 5-year groups for adults and 2-year groups
for children and adolescents), race/ethnicity, KP site
and membership year at the index date. Index date was
defined as the date of the first recorded evidence of trans-
gender status in the EMR. For some transgender cohort
members, the number of reference males or females was
less than 10 due to duplicate matches; however, no trans-
gender participant had less than seven referents of either
sex. A cluster ID for each matched group was assigned
to allow stratified analyses (eg, by HT type or gender-af-
firming surgery).

Data integration and follow-up

Patient identification numbers for both the transgender
and reference cohorts were linked to multiple data
sources to obtain ICD-9 and ICD-10 diagnostic codes for
the conditions of primary interest (eg, mental health

conditions, cardiovascular diseases and diabetes); disease
registries to ascertain incident cancers and HIV diagnoses;
psychiatric and behavioural healthcare utilisation; phar-
macy records to track mental health treatment and HT
receipt over time; and dates and results of laboratory tests
including bone scans, blood chemistry analyses, hormone
levels and blood cell counts (box). Mortality was ascer-
tained from linkages to death registries. All members of
the cohort were assigned a study ID by the programmer
at each KP site and no personally identifiable informa-
tion was included in the aggregated analytic file. To date,
cohort follow-up extends through the end of 2016.

FINDINGS TO DATE

Initial review of the EMRs identified 12457 potential
transgender individuals. Of these, 7272 (58%) were iden-
tified through keywords only, 1132 (9%) through ICD-9
codes only and the remaining 4053 (33%) had both ICD-9
codes and keywords (figure 2). Among these candidates,
6456 were confirmed as transgender: 10% from ICD-9
codes alone, 29% from keywords alone and 61% from
both codes and keywords. Based on validation results, the
positive predictive values for keywords, diagnostic codes
and both were 26%, 54% and 98%, respectively. The
leading reason for non-eligibility was the use of a keyword
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Table 5 Frequency of health outcomes in the STRONG TF cohort relative to matched comparison groups

Health outcomes TF cohort, n (%)*

Reference males, n (%)* Reference females, n (%)*

Cardiovascular disease

Venous thromboembolism 86 (2.5)
Stroke 88 (2.5)
Myocardial infarction 61 (1.8)
Peripheral artery disease 106 (3.1)
Unstable angina 64 (1.8)
Mental healtht
Anxiety 1337 (38)
Depression 1705 (49)
Self-inflicted injury% 75 (2.2)
Suicidal ideation 175 (5.0)
Substance abuse disorder 524 (15)
Cancer primary site
Colorectum 10 (0.3)
Lung and bronchus 9 (0.3)
Lymphatic and haematopoietic 22 (0.6)
Melanoma 10 (0.3)
Prostate 25(0.7)
Other chronic conditionsT
HIV§ 186 (5.4)
Diabetes 313 (9.0)
Vital status
Alive 3372 (97)
Dead 103 (3.0)
Total 3475 (100)

670 (1.9) 677 (2.0)
943 (2.7) 674 (2.0)
664 (1.9) 319 (0.9)
879 (2.6) 645 (1.9)
656 (1.9) 336 (1.0)
4323 (13) 7485 (22)
4721 (14) 8726 (25)
100 (0.3) 204 (0.6)
157 (0.5) 194 (0.6)
2860 (8.3) 1680 (4.9)
107 (0.3) 91 (0.3)
58 (0.2) 59 (0.2)
168 (0.5) 106 (0.3)
227 (0.7) 180 (0.5)
451 (1.3) 0(0.0)
190 (0.6) 15 (0.0)
3358 (9.8) 2619 (7.6)
33562 (98) 33839 (98)
818 (2.4) 551 (1.6)
34380 (100) 34390 (100)

*Percentages do not add to 100% due to overlapping categories.
TBased on at least two diagnoses in the EMR.

FCombined diagnoses of self-inflicted injury, self-inflicted injury/poisoning and possible self-inflicted injury.

§HIV status ascertained from disease registries in Kaiser Permanente health plans located in Northern and Southern California and from two
or more International Classification of Diseases codes in the EMR in Kaiser Permanente health plan located in Georgia.

EMR, electronic medical record; STRONG, Study of Transition, Outcomes and Gender; TF, transfeminine.

(eg, transgender) referring not to the patient, but to
the patient’s relative or partner. In other situations, the
keywords of interest were used as part of standard text,
such as when listing indications for hormone use. Natal
sex and/or gender identity was successfully determined
for all but 89 (1.4%) of the transgender cohort members.

The transgender cohort was matched to 127608
enrollees with no evidence of transgender status. Of those
63825 were women and 63 783 were men.

Figure 3 displays proportions of transgender enrollees
over time at each of the three participating sites. In 2006,
the prevalence estimates (95% CIs) per 100000 enrollees
were 3.5 (1.9 to 6.3), 5.5 (4.8 to 6.4) and 17 (16 to 19)
in KPGA, KPSC and KPNC, respectively. By 2014, the
corresponding estimates increased to 38 (32 to 45) in
KPGA, 44 (42 to 46) in KPSC and 75 (72 to 78) in KPNC.
The composition of the transgender population has also
changed. Whereas in 2006, the TF:TM ratio among newly

identified cohort members was approximately 1.7:1, in
2014 the same ratio was 1:1.

As shown in table 3, about 60% of all participants were
from KPNC, 38% were from KPSC and less than 3% were
from KPGA. With respect to race and ethnicity, blacks and
Asians each comprised about 8% of the study population,
19% were Hispanics and 55% were non-Hispanic whites.
Compared with TF, TM subjects were younger (76% vs
53% under the age of 36) and included a greater propor-
tion of subjects who were obese (31% vs 22%). Proportions
of smokers, insurance status and area-based measures of
education were similar in TM and TF study subjects.

Nearly two-thirds of the transgender cohort had
some evidence of gender-affirming treatment (table 4).
Approximately 55% of all transgender cohort members
had evidence of HT received at KP. This proportion
was slightly higher (58%) in TF than in TM participants
(52%).
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Table 6 Frequency of health outcomes in the STRONG TM cohort relative to comparison groups

Health outcomes TM cohort, n (%)*

Reference males, n (%)* Reference females, n (%)*

Cardiovascular disease

Venous thromboembolism 45 (1.6)
Stroke 42 (1.5)
Myocardial infarction 17 (0.6)
Peripheral artery disease 38 (1.3)
Unstable angina 20 (0.7)
Mental healtht
Anxiety 1323 (46)
Depression 1594 (55)
Self-inflicted injuryt 121 (4.2)
Suicidal ideation 193 (6.7)
Substance abuse disorder 418 (14)
Cancer primary site
Breast 20 (0.7)
Cervix 70
Melanoma 8 (0.3)
Other chronic conditionst
HIV§ 9(0.3)
Diabetes 153 (5.3)
Vital status
Alive 2853 (99)
Dead 39 (1.3)
Total 2892 (100)

266 (0.9) 356 (1.2)
360 (1.3) 250 (0.9)
210 (0.7) 88 (0.3)
309 (1.1) 242 (0.8)
215 (0.8) 123 (0.4)
3583 (13) 6089 (21)
3806 (13) 6813 (24)
109 (0.4) 181 (0.6)
160 (0.6) 186 (0.7)
2391 (8.4) 1523 (5.3)
1 217 (0.8)
0 (0.0) 172 (0.6)
109 (0.4) 71(0.2)
117 (0.4) 10 (0.0)
1329 (4.7) 1213 (4.2)
28237 (99) 28366 (99)
283 (1.0) 183 (0.6)
28520 (100) 28549 (100)

*Percentages do not add to 100% due to overlapping categories.
TBased on at least two diagnoses in the EMR.

FCombined diagnoses of self-inflicted injury, self-inflicted injury/poisoning and possible self-inflicted injury.
§HIV status ascertained from disease registries in Kaiser Permanente health plans located in Northern and SouthernCalifornia and from two
or more International Classification of Diseases codes in the EMR in Kaiser Permanente health plan located in Georgia.

f|Counts <5 are suppressed.

EMR, electronic medical record; STRONG, Study of Transition, Outcomes and Gender; TM, transmasculine.

About 23% of the transgender cohort had some
evidence of gender affirmation surgery. Top surgery
receipt at KP was far more common among TM cohort
members than among their TF counterparts (12% vs
0.3%). Similar proportions of TM and TF cohorts had
genital surgeries (4%-5%) or procedures aimed at
altering other secondary sex characteristics (11%).

Tables 5 and 6 present the number of cases for various
health outcomes in the STRONG population through the
end of 2016. These frequencies should not be interpreted
as evidence of increased or decreased risk because they do
not account for person-time of follow-up, time ordering of
the conditions and transgender status and do not take into
consideration exposures to cross-sex hormones or surgical
procedures. Nevertheless, these data indicate that both TF
and TM cohort members, as well as their corresponding
referents, have sufficient numbers of cardiovascular
events, mental health conditions, HIV, diabetes and several
common cancers to permit meaningful analyses. Addi-
tional analyses will include changes in laboratory-based

endpoints including polycythemia and bone density. These
analyses are beyond the scope of this communication,
which is focused on the study methods rather than specific
findings. The planned analyses will include comparisons of
transgender and reference cohorts as well as within-trans-
gender cohort examination of health status before and
after surgery and initiation of HT.

STRENGTHS AND LIMITATIONS

In this communication, we describe STRONG, a health
system-based observational study that was designed to
examine the health status of transgender people and to
evaluate the possible risks and health benefits of various
gender-affirming treatments. STRONG aimed to over-
come five previously described methodological chal-
lenges facing transgender health research.

Sample size and power considerations
Adequate sample size can be feasibly achieved with
the use of large well-defined populations that offer an
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adequate sampling frame.” In practical terms, at least in
the USA, this can be done by basing the study in large
integrated health systems with millions of members and
comprehensive EMRs. The EMR data from the health
systems allow assembling cohorts of hard-to-reach popula-
tions and ample options for selection of referent groups.
The STRONG cohort, which included almost 6500 trans-
gender people and nearly 130000 referents, represents
one of the largest studies of its kind available to date.
Nevertheless, a number of important analyses by different
subtypes of gender affirmation treatment may not be
feasible due to sparse stratum-specific data.

Systematic identification of eligible study participants

We demonstrated that by using a relatively simple algo-
rithm—based on standard codes and supplemented
with analysis of digitised provider notes—it is possible to
comprehensively identify transgender enrollees of large
community-based health plans. The use of keyword-con-
taining text strings enhanced cohort ascertainment
relative to ICD code-alone-based approaches. On the
other hand, reliance on keywords without text validation
would have erroneously included a substantial number
of persons who are not transgender. A review of records
to confirm transgender status added considerable time
and resources; however, it is still more efficient and more
comprehensive than the traditional unstructured chart
review. In conducting cohort validation, we reviewed up
to three clinical note excerpts on 11325 people. This task
was accomplished within 6 months.

A comprehensive identification of all transgender
people in the KP population (with and without evidence
in the medical records) would require contacting more
than 8million members to inquire about their natal sex
and gender identity; this does not appear feasible at this
time.

Determination of natal sex and/or gender identity
Our study definitively ascertained natal sex and/or
gender identity for nearly 99% of cohort members.
We obtained information on TM/TF status from three
sources: keyword text strings, pharmacy records and
procedure codes. In most instances, these sources were
in agreement; however, in some cases the results were
discordant. Each disagreement was used as an opportu-
nity to check data accuracy and allowed reducing misclas-
sification, which would have been substantial if STRONG
relied on demographic data in the EMR. For example,
among adult TF study subjects, 41% were documented as
‘female’ and 59% were documented as ‘male’. The corre-
sponding proportions of people classified as ‘female’ and
‘male’ among adult TM cohort members were 59% and
40%, respectively, with 1% recorded as unknown in the
EMR. By contrast, in 96% of persons under the age of 18,
the demographic variable reflected natal sex.

A limitation of the current data is the inability to accu-
rately identify persons who reject binary gender catego-
ries. These individuals are likely to be found among cohort

members who do not have a transgender-specific diag-
nosis and receive no HT or surgical treatment; however,
at the present time EMRs alone are not sufficient for
determination of non-binary gender identity. This will be
possible in the near future after KP introduces new data
capture systems with separate fields for natal sex, gender
identity, preferred pronouns, organ inventory and history
of gender-affirming procedures.

Assessment of current and past gender affirmation treatment

Although the information on gender affirmation received
within the KP system is high quality, one of the main
limitations of STRONG data is the lack of information
on HT and surgical treatment received outside the KP
system. This restricts our ability to identify a subcategory
of transgender cohort members with no history of gender
affirmation treatment of any kind. For this reason, the
most definitive analyses are limited to people who initi-
ated therapy at KP. These individuals can be identified
among those STRONG participants whose EMR demon-
strates a gap between index date and the first prescription
for HT. This ‘HT initiation’ group represents about 35%
of TM and 32% of TF subjects.

The broadening of coverage for gender affirmation
services at KP occurred relatively recently. As the propor-
tion of transgender people among enrollees has been
increasing and many patients now initiate and receive
gender affirmation therapy exclusively within the system,
itis important to both expand the cohort and extend the
follow-up of current participants.

Engagement of patient and physician stakeholders

A critical feature of STRONG is patient-centredness.
During the study implementation, we held monthly stake-
holder calls and had three inperson Stakeholder Advisory
Group meetings. These interactions had direct impact
on study design and implementation. For example, the
list of keywords used for STRONG cohort ascertainment
was proposed, pilot-tested and refined in close consulta-
tion with the study stakeholders. Following advice from
stakeholders, we expanded eligibility criteria to include
transgender and gender non-conforming youth (persons
under 18 years of age). This change allowed a number
of additional analyses and offers important opportunities
for future follow-up. STRONG stakeholders also helped
to develop a comprehensive list of hormonal medica-
tions and procedures used for gender affirmation. The
publications describing our formative research,* ** the
current communication and the reports in preparation,
all include stakeholders as coauthors.

CONCLUSIONS

Although the body of literature addressing transgender
health issues has been growing,46 most studies focus on
substance use, sexual health, sexually transmitted infec-
tions and, to a lesser extent, mental health conditions.*’
By contrast, limited data are available on general health

Quinn VP, et al. BMJ Open 2017;7:e018121. doi:10.1136/bmjopen-2017-018121

11



Open Access 8

status, or the incidence of chronic age-related conditions
including cardiovascular disease, endocrine disorders
and cancer.

To date, most data on morbidity and mortality in
transgender populations come from clinical centres in
Europe.'? **" These studies are characterised by detailed
clinical data; however, they are limited by relatively small
sample sizes.

In terms of overall design and size, STRONG is compa-
rable to US-based studies that used the Veterans Health
Administration (VHA) data.?? ' Unlike our study,
however, the VHA data did not distinguish between TF
and TM subjects and were limited to transgender persons
identified via ICD-9 codes, without keywords.

We recognise that transgender people enrolled
through an integrated healthcare system will yield a
cohort of persons with health insurance. Weighing
against this concern is the demonstrated ability to cost-ef-
fectively identify a large cohort of transgender subjects
and referents with high degree of internal validity. The
availability of a well-defined underlying population with
detailed EMR ensures that participation does not require
subject opt-in and allows selecting a complete cohort
(rather than a sample) of eligible subjects. Moreover, as
KP now provides ‘one-stop’ delivery of transgender care,
the likelihood of capturing full details of gender affirma-
tion treatment is increased. These internal validity advan-
tages weigh heavily as a counter against concerns about
representativeness.

In summary, STRONG is well positioned to fill existing
knowledge gaps and make important contributions to the
current literature. Lessons learnt while conducting this
project provide support to future transgender health-re-
lated research. The methodology can be implemented
at other healthcare institutions with EMRs, particularly
in organisations participating in the Healthcare Systems
Research Network (total population of almost 20 million)
with little site-specific customisation. With extended
follow-up and expanded cohort size, the data will permit
additional analyses of rare health endpoints across
various categories of surgical procedures, and different
HT formulations, routes of administration and doses.
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