Mattos Russo Rafael de et al. BMC Public Health ~ (2024) 24:1475 BMC Public Health
https://doi.org/10.1186/512889-024-19002-x

Check for
updates

Accuracy, potential, and limitations

of probabilistic record linkage in identifying
deaths by gender identity and sexual
orientation in the state of Rio De Janeiro,
Brazil

Ricardo de Mattos Russo Rafael"”, Kleison Pereira da Silva', Helena Goncalves de Souza Santos', Davi Gomes Depret',
Jaime Alonso Caravaca-Morera” and Karen Marie Lucas Breda®

Abstract

Background Globally, the counting of deaths based on gender identity and sexual orientation has been a challenge
for health systems. In most cases, non-governmental organizations have dedicated themselves to this work.

Despite these efforts in generating information, the scarcity of official data presents significant limitations in policy
formulation and actions guided by population needs. Therefore, this manuscript aims to evaluate the accuracy,
potential, and limits of probabilistic data relationships to yield information on deaths according to gender identity
and sexual orientation in the State of Rio de Janeiro.

Methods This study evaluated the accuracy of the probabilistic record linkage to obtain information on deaths
according to gender and sexual orientation. Data from two information systems were used from June 15, 2015 to
December 31, 2020. We constructed nine probabilistic data relationship strategies and identified the performance
and cutoff points of the best strategy.

Results The best data blocking strategy was established through logical blocks with the first and last names,
birthdate, and mother’s name in the pairing strategy. With a population base of 80,178 records, 1556 deaths were
retrieved. With an area under the curve of 0.979, this strategy presented 93.26% accuracy, 98.46% sensitivity, and
90.04% specificity for the cutoff point > 17.9 of the data relationship score. The adoption of the cutoff point optimized
the manual review phase, identifying 2259 (90.04%) of the 2509 false pairs and identifying 1532 (98.46%) of the 1556
true pairs.

Conclusion With the identification of possible strategies for determining probabilistic data relationships, the retrieval
of information on mortality according to sexual and gender markers has become feasible. Based on information from
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the daily routine of health services, the formulation of public policies that consider the LGBTQ + population more
closely reflects the reality experienced by these population groups.

Keywords Epidemiology, Gender identity, Sexual orientation, Probability, Mortality records

Background

Mortality has been considered an important indicator
in the context of public health, especially in the area of
health surveillance and for public policymakers in Brazil
and worldwide. It is not by chance that numerous stud-
ies address this topic [1-4]. This is because monitoring
of death rates not only helps to identify the patterns and
causes of death of population groups but also is useful
in defining priorities for the allocation of resources and
evaluating the quality of life and well-being of popula-
tions, in addition to allowing the measurement of the
efficiency of the programs implemented [5, 6]. Given the
importance of monitoring these data, since the 1970s
Brazil has implemented one of the most robust infor-
mation systems for monitoring deaths, the Sistema de
Informagdo sobre Mortalidade (Mortality Information
System — SIM). Under the administration of the Brazilian
Ministry of Health and fully integrated into the Sistema
Unico de Saiide (Unified Health System), SIM can pub-
lish detailed data on the cause of death using the Interna-
tional Classification of Diseases-10 and several individual
and clinical characteristics [7-9].

On the other hand, it is still not possible to say that
information on deaths truly reaches all population
groups. The literature is vast that points out that les-
bian, gay, bisexual, travesti, transgender, and queer indi-
viduals (LGBTQ+; using the “plus” sign to represent the
broad variety of sexual and gender identities) have worse
health indicators than others group [10-15]. However,
SIM still does not monitor specific information on sexual
orientation and gender identity. Thus, travestis and trans
women who were unable (or did not have the desire to)
to rectify their names had their death records classified
as belonging to the male population. The same occurs for
trans men, who are classified as part of the female popu-
lation. This is because only the sex assigned at birth and
recorded in Brazilian administrative systems is identified
in SIM [16, 17]. This is the paradox of the country that,
according to nongovernmental agencies, murders the
most LGBTQ+ people worldwide [18].

Regarding the travesti population, a group which may
be unfamiliar to parts of the international community, it
is crucial to underscore that this is a demographic group
with a gender identity that is unique to Brazil. Traves-
tis express and embody a feminine gender presentation
equal to that of cisgender women, despite being assigned
a different gender at birth. The travesti community is
notable for its long-standing struggle for rights and
its resistance against frequent marginalization [15]. In

recognition of the importance of gender self-identifica-
tion and the diverse expressions thereof, this manuscript
will use the term “fravesti” to discuss such identities,
comprehending the unique socio-cultural context of their
experiences.

In the absence of specific information and due to the
urgency of providing data that support specific pub-
lic policies for these groups, the National Association
of Travestis and Transgenders (ANTRA — Associagdo
Nacional de Travestis e Transexuais), as well as gay activ-
ist groups, monitors deaths based on newspaper reports
and information captured from hospital nets [18]. These
cases, exclusively focused on murders, represent only a
small part of the concrete reality experienced by these
people. In other words, the country is very far from being
accurate with the mortality profile of LGBTQ+popu-
lations, harming everything from the design of public
policies to the direct care provided by healthcare profes-
sionals (still under the haze of the unknown due to the
absence of data).

Since June 15, 2015, information on sexual orientation
and gender identity in the Brazilian health information
systems, has been systematically collected using only the
interpersonal and self-inflicted violence module of the
Sistema de Informagdo de Agravos de Notificagdo (Noti-
fiable Diseases Information System - SINAN) [19]. All
suspected or confirmed violent events are recorded, pro-
viding a way to expand the dataset on the LGBTQ+pop-
ulation. With possible inaccuracies, (due to the absence
of a unique key to identify the population in information
systems), the possibility of a probabilistic relationship of
data may suggest a tool to estimate deaths within the Bra-
zilian LGBTQ+ population. Data relationships are a sta-
tistical tool for combining different sets of information:
deterministically, when there is a unique key (identifying
variable) for linking, or probabilistically when keys are
used to estimate the probability that records with differ-
ent names refer to the same person [20-25]. As a way of
contributing to the systematic integration of the tech-
nique in health services, this study aims to evaluate the
accuracy, potential, and limits of the probabilistic rela-
tionship of data to obtain information on deaths accord-
ing to gender identity and sexual orientation in the State
of Rio de Janeiro.

Methods

Study design

This manuscript stems from the data collected during the
first five years of the study titled “Effects of (trans)gender
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identity and sexual orientation on notification and mor-
tality due to violence: a cohort study” Therefore, this
manuscript presents a cross-sectional study that quan-
tifies the accuracy of probabilistic data linkage to offer
insights into mortality rates according to gender identity
and sexual orientation. The analysis incorporates data
from individuals registered in SINAN for interpersonal
and self-inflicted violence, as well as data from the SIM
of 92 municipalities in the state of Rio de Janeiro, Brazil,
for the period from June 15, 2015, to December 31, 2020.

Population and selection criteria

To determine the probabilistic relationships between the
databases, the SINAN records and occurrence of inter-
personal/self-inflicted violence between June 15, 2015
and December 31, 2020. The beginning of this period
(June 15, 2015) was established based on the introduc-
tion date of collecting the variables ‘sexual orientation’
and ‘gender identity” in the SINAN.

The records of adults aged 19 to 59 years were
included. Records without information or with invalid
data on birthdate, name, mother’s name, and date of
occurrence of violent acts were excluded. For SIM quali-
fication, records without identification or with invalid
names or mothers’ names (e.g., indigent, male, black
male, white female, etc.) were excluded. To reduce the
number of records and accelerate the data relationship
process, records of people younger than 19 years of age
were excluded, as this was the criterion for selection in
SINAN.

Study variables

Linkage key variables

The variables used as link keys between the databases
were “name’, “mother’s name’, and “birthdate” from the
SINAN dataset. Additionally, the variables “notifica-
tion number’, “date of notification’, and “date of occur-
rence” were sourced from SINAN, while “death number’,
and “date of death” were obtained from the SIM dataset.
These variables were utilized to construct an identifier
code and to verify duplicate records.

Variables of interest

The main variable under investigation was death, which
was identified and retrieved from the SIM through a
linkage process between databases. All deaths recorded
during the study period (from June 15, 2015, to Decem-
ber 31, 2020), regardless of cause, were included in this
analysis.

Variables such as sex, sexual orientation, and gender
identity, which were of interest in this investigation, were
synthesized to build analytical groups approximating
the realities of exposure of people to the concrete real-
ity. Originally present in SINAN, the possible entries

Page 3 of 13

included female (SO) and male (S1) for the variable “sex”;
heterosexual (O0), bisexual or homosexual (O1), and
“unknown” or “omitted” (O2) for “sexual orientation”;
and, for the gender variable, it is important to consider
that the registration was made only for “travestis” and
“transgender women” (G1) and “transgender men” (G2),
with the interpretation that data “unknown” or “omitted”
(GO) referred to the cisgender population, despite the
validity problems that this may produce [17].

Thus, eight groups were created, as demonstrated by
Fig. 1. The participants were cisgender and heterosexual
women (S0+0O0+G0), women who had sex with women
(S0+01+G0), cisgender women of unknown sexual ori-
entation (S0+0O2+GO0), travestis and transgender women
(G1), cisgender and heterosexual men (S1+00+G0),
men who had sex with men (S1+01+G@GO0), cisgender
men with unknown sexual orientation (S1+02+G0),
and transgender men (G2). Due to the limited number
of cases retrieved from the databases, the sexual orien-
tations of transgender people were not combined in the
groups formed, limiting the definition of interest groups.

Population characteristics variables

Drawing from the SINAN database, variables were
selected to characterize the investigated population. The
“age group” was defined by categorizing the continuous
numerical variable “age” into four adult strata. The other
variables used to characterize the population included
“marital status”, “schooling’, and “self-declared race/
color”. The variables “person with a disability” and “peo-
ple with mental or behavioral disorders” were considered
as “yes” if at least one disability, and mental or behavioral
disorder respectively, were documented in the database.
Similarly, the “referral to the care network” was marked
as “yes” if there was at least one referral to social, legal,
or healthcare services documented. The “chronicity of
violent episodes” variable was constructed based on the
repeated entries in the SINAN database, as explained in
the section on probabilistic data linkage.

Routines of the probabilistic relationship of data

Stage 1: preprocessing

The first stage, titled preprocessing, was intended for
the preparation and standardization of the databases
for the probabilistic relationship of the data [21]. In
this stage, computational scripts were built in Python
3.11.2 software in the Visual Studio Code 1.84.2 envi-
ronment. Initially, the databases were reduced, leaving
only the variables of interest for linking the databases
(notification number/death number, date of notifica-
tion, date of occurrence/date of death, name, mother’s
name, and birthdate) to facilitate the process. The study
selection criteria were also applied, and unique keys
were constructed for each record in the database. This
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Fig. 1 Flowchart of study’s interest groups based on sex, gender identity, and sexual orientation variables from SINAN. State of Rio de Janeiro, Brazil,

2015-2020

construction was necessary because, at least in SINAN,
the notification number, which should be unique for each
record, shares the same number with other people. In
other words, different people had the same notification
number without being homonymous. Thus, the unique
key was generated based on the combination of the noti-
fication (or death) number, birthdate, first and last name,
and mother’s name of each person.

With the expectation of reducing potential spelling
errors in name records, a set of standardizations was
implemented. This stage of standardizing letters and
dates serves as a critical phase in the preprocessing for
probabilistic linkage. Specifically, in the case of names,
variations in spelling and the presence of special charac-
ters can increase discrepancies between records across
two databases even when they pertain to the same indi-
vidual. Consequently, standardizing records, particularly
in personal identification, enhances the likelihood of
matching between two distinct data sources [21, 23, 25].

Thus, all letters were converted to uppercase let-
ters. Accents, special characters, excessive spaces, and
other punctuation were eliminated (“C” became “C’ “A”
became “A’; etc.), as were prepositions (“DE’, “DE’, “DO’,
“DA’, “DOS’; “DAS’, “E”). Duplicate letters were kept only
once (e.g., “TT” became “T”). The letters were standard-
ized according to Portuguese phonetics. In this context,
the syllables “WA’, “KA’, “KO’, “KU’, “CE’, “CI’; “GE’, and
“GI” were replaced by “VA’, “CA’, “CO’, “CU’, “SE’, “SI,
“JE”, and “JI’; respectively. The names starting with “H”
had this letter deleted (e.g., “HUGO” became “UGQO”),
and the letter “Y” was replaced by “I”. With this approach,
the standardization of syllables takes phonetics into
account [21].

To handle last names in the preprocessing phase, the
names were separated into fragments (first name, middle
name, and last name) to optimize the next steps of build-
ing data relationships. Dates were standardized to write
the day, month, and year as two, two, and four numerals,
without separation by slashes.

Stage 2: initial deduplication

The following steps, which included the completion of
database preparation and the steps related to the proba-
bilistic relationship of the data itself, were conducted in
Link Plus version 3.0. This software, developed by the
USA’s Centers for Disease Control and Prevention, was
initially designed for the probabilistic relationship of
cancer registries in the USA [26]. However, in the field
of public health, its use has spread in other contexts and
countries, including Brazil [22, 25, 27-29].

Thus, to finalize the preparation of the databases, the
deduplication technique was applied due to the possibil-
ity of multiple records in SINAN since the recurrence of
different violent events throughout life and multiple noti-
fications of the same events are quite likely. Events may
be recorded by more than one professional or health unit.
The deduplication technique consists of verifying these
repeated records in a database [21, 23]. Cases of duplicity
were treated according to the following rules: (1) When
the occurrence number was the same, with the same noti-
fication and occurrence dates, victim’s name, mother’s
name, and birthdate, even allowing for spelling variations
indicative of error, the record was considered the same,
so only one such record was selected. (2) When the date
of occurrence was different but the name, mother’s name,
and birthdate were the same, even with the presence of
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spelling changes, it was considered a recurrence of the
event, which we treated as a recurrent/chronic case. In
this second rule, only the oldest record was selected, and
we counted the number of repeated events in a new vari-
able named “chronicity of violent episodes”

Stage 3: blocking and matching

After standardization and preprocessing were com-
pleted, the blocking and pairing stage began. Blocking
is a method of creating logical subsets based on specific
criteria of variables to reduce the number of compari-
sons during the database relationship. This reduces the
processing time. Pairing is intended to compare the cor-
responding records in the databases using preestablished
algorithms in the relationship software [21, 23].

In the specific case of this study, nine blocking and
pairing strategies were compared. The blocking strategies
combined the first name (FN), last name (LN), mother’s
first name (FM), mother’s last name (LM), and birthdate
(BD) using the soundex code to reduce potential spelling
errors and nominal variations. For the pairing strategies,
combinations of the full name (N), mother’s name (M),
and birthdate (BD) were used, defining the minimum
probabilities of agreement (M-probability) as 0.95 and
0.65 for the name and birthdate, respectively. In addition,
the direct method of pairing and an initial cutoff point of
10 were used for the scores calculated from the data.

Stage 4: manual review of pairs

A manual peer review was performed for each strat-
egy. The defining criteria for true pairs were as follows:
(1) same name, birthdate, and mother’s name; (2) same
name, mother’s name, and day and month of birth but
with a variation of +2 years for the last digit of the year
of birth; (3) same name, mother’s name, and year of birth,
with inversion of the day and month digits; (4) same
name, mother’s name, and day and year of birth; (5) same
name, mother’s name, and month and year of birth; (6)
similar name and mother’s name with variation in the
orthographic scan; and (7) unusual name and mother’s
name (foreign names, for example) that agree on the date
of birth.

Stage 5: Postpairing

In the postpairing phase, a new deduplication was
applied to the sets of pairs formed in each strategy. The
selection of the best matching and blocking strategy was
based on the shortest processing time and the most true
pairs after deduplication. Once the best strategy was
found, the files were combined based on the unique key
constructed during the preparation phase, thus joining
the true pairs (deaths) with the SINAN database and all
its variables. The same occurred with the SIM variables,
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specifically concerning true pairs. The bank combina-
tions were performed using Stata SE 15 software.

Statistical analysis

We analyzed the processing times, minimum and maxi-
mum scores, absolute numbers, and proportions of true
pairs formed by each blocking and pairing strategy in the
probabilistic data relationship. We determined the crite-
ria that composed the optimal strategy. We computed the
areas under the receiver operating characteristic (ROC)
curves to determine the best cutoff point for the match-
ing scores. In addition, the sensitivity (%), specificity (%),
accuracy (%), positive and negative likelihood ratios,
number of true pairs, and number of false pairs were cal-
culated for each cutoff point of the scores of the optimal
strategy.

After integrating the SINAN database with the true
pairs data from the SIM, and determining the optimal
matching strategy, we calculated the proportions for
each variable of interest in the study. This process also
involved determining the number of deaths from any
cause within this specific group and calculating the mor-
tality rates per thousand individuals. These rates were
derived by comparing the total number of deaths identi-
fied through the linkage of the SIM and SINAN databases
against the records of violence victims listed in SINAN.
This approach has allowed us to gauge the mortality
among violence victims recorded in SINAN, without
intending to establish a direct causality between the vio-
lent incidents occurring over time and death.

We then analyzed these rates to identify differences
between the initial cut-off point and the one chosen
through the most effective matching strategy. In addition,
with the objective of observing the existence of differ-
ences between the cutoff points, the proportion of agree-
ment, the kappa statistic, and the respective p values were
calculated for each covariate of the study. The interpreta-
tion of the kappa statistic was classified as full agreement
(0.81-1.00), substantial agreement (0.61-0.80), moderate
agreement (0.41-0.60), fair agreement (0.21-0.40), slight
agreement (0-0.20), or no agreement (<0) [30, 31]. All
analyses were performed using Stata SE 15 software.

Ethical considerations

Our study was conducted following Brazilian ethi-
cal guidelines for research involving human subjects.
The State University of Rio de Janeiro Research Ethics
Committee (Rio de Janeiro, Brazil) waived the need for
informed consent, and reviewed and approved the study
under protocol number 5,009,244.
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Fig. 2 Flowchart of the study population composition for probabilistic record linkage. State of Rio de Janeiro, Brazil, 2015-2020

Table 1 The results of probabilistic record linkage according to blocking and matching strategies. State of Rio de Janeiro, Brazil,

2015-2020

ID  Blocking strategy Matching strategy ~ Score Processing Time  P1 TP1 %TP1  PD P2 TP2 %TP2
1 FN+LM N+BD+M 10.6-29.7  00:11:50 4087 1578 3861 22 4065 1556 3828
2 FN+LN+BD+FM+LM  N+BD+M 10.6-29.7  02:28:54 7296 1570 2152 19 7277 1551 21.31
3 FN+LN+FM+LM N+BD+M 10.6-29.7  00:25:46 7262 1570 21.62 20 7242 1550 214
4 FN+LN+FM+LM N+BD 121-200 00:20:24 2388 1111 46.52 10 2378 1101 46.3
5 FN+LN+FM+LM BD+M 106-185  00:19:11 5561 996 1791 9 5552 987 17.78
6 FN+LN+BD N+BD+M 10.6-29.7  02:19:07 7296 1570  21.52 20 7276 1550 213
7 FN+LN+BD N+BD 121-200 01:32:52 2397 1103 46.02 10 2387 1093 4579
8 FN+BD N+BD+M 10.6-29.7  02:10:48 7296 1570 2152 20 7276 1550 213
9 BD N+BD+M 10.6-29.7  02:07:21 7296 1570 2152 20 7276 1550 213
Legend

ID: identification of the data linkage strategy; P1: pairs formed after data linkage; TP1: proportion of true pairs formed after data linkage; DP: number of duplicate
pairs; P2: pairs formed after the deduplication strategy; TP2: true pairs formed after deduplication; %TP2: proportion of true pairs formed after deduplication; DB:
birthdate; N: name; FN: soundex of the first name; LN: soundex of the last surname; M: mother’s name; FM: soundex of the mother’s first name; LM: soundex of the

mother’s last surname

Results

Data preparation and matching strategy

Figure 2 shows the sample composition that formed the
baseline of the SINAN probabilistic relationship of inter-
personal and self-inflicted violence, as well as the SIM
rating. Note that 60.35% (n=128,620) of the records were
excluded from SINAN based on the selection criteria. In
addition, 3639 cases of notification recurrence were iden-
tified—i.e., when the case was the same but with different
events and dates. In this case, only one record was kept,

for which purpose we created a specific variable, which
represented the chronicity of violent episodes. Thus, the
baseline consisted of 80,178 records. In turn, SIM had
90,279 (10.12%) exclusions of records based on the quali-
fication criteria of the database, totaling 737,493 death
records (Fig. 1).

Table 1 presents the results of the probabilistic rela-
tionship according to the 9 blocking and pairing strate-
gies. strategy 1, although not the one with the highest
percentage of true positives after deduplication, had the
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Fig. 3 ROC curve of the best blocking and matching strategy (strategy number 1). State of Rio de Janeiro, Brazil, 2015-2020 (n=4065)
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Table 2 Accuracy by cutoff point of the best blocking and matching strategy (strategy 1). State of Rio de Janeiro, Brazil, 2015-2020

(n=4065)

Cutoff S% E% Ac% LR+ LR- PT PF
>10.60 100.00 - 38.28 - - 0 906
>12.10 100.00 36.11 60.57 1.00 - 3 1.088
>12.30 99.81 7947 87.26 1.56 - 8 133
>13.80 99.29 84.77 90.33 4.86 0.002 13 131
>16.50 98.46 90.00 93.23 6.52 0.008 0 1
>17.90 98.46 90.04 93.26 9.84 0.02 367 199
>18.50 74.87 97.97 89.13 9.88 0.02 110 9
>20.00 67.8 9833 86.64 36.83 0.26 175 14
>21.70 56.56 98.88 82.68 40.50 0.33 12 11
>23.50 55.78 99.32 82.66 50.68 044 73 13
>29.70 51.09 99.84 81.18 82.33 044 795 4
>29.70 0 100.00 61.72 32048 049 - -

Legend: S%: sensitivity value expressed as a proportion; E%: specificity value expressed as a proportion; Ac%: accuracy value expressed as a proportion; LR+: positive
likelihood ratio; LR-: negative likelihood ratio; TP: true pairs; FP: false pairs

highest absolute number of true pairs (n=1156) and the
shortest data processing time (11 min and 50 s). There-
fore, according to the preestablished criteria, the best
strategy for further analysis was strategy 1.

Performance of the best matching strategy

Figure 3 shows the ROC curve of strategy 1. With an area
under the curve of 0.979 (95% confidence interval: 0.976—
0.983), the probabilistic relationship has an excellent abil-
ity to discriminate between true and false pairs. Table 2
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lists the properties of the strategy. When a cutoff point
of 17.9 was used for the score, the sensitivity was 98.46%,
the specificity was 90.04%, and the positive and negative
likelihood ratios were 9.84 and 0.02, respectively. This
means this cutoff point allowed the correct identifica-
tion of 98.46% of the true pairs and 93.26% of the false
pairs. In addition, the likelihood ratio values show that a
positive rating in the relationship significantly increased
the chances of the pair being truly positive, while a nega-
tive classification, due to the very low negative likeli-
hood ratio, provided strong evidence that the pair was
not a true pair. Finally, when analyzing the accuracy, we
observed that this cutoftf point could correctly classify
93.26% of the observations, i.e., 1532 (98.46%) of the 1556
true pairs, as well as correctly classify 2259 (90.04%) of
the 2509 false pairs, greatly reducing the need for manual
review after the probabilistic relationship of the data.

Characteristics of population, mortality rates, and linkage
cutoff agreement

Table 3 presents the characteristics of the study popula-
tion; the crude mortality rates for the two cutoff points
of the scores generated in the probabilistic relationship
of the data; and the kappa statistic for each population
subgroup. The study population was mostly composed of
women (76.72%), whether cisgender or transgender, aged
up to 39 years (73.74%), black (65.46%), single (45.56%),
and having more than 8 years of school (66.23%). A total
of 2.31% of people with disabilities were identified, 4.77%
of the population reported some mental or behavioral
disorders, and 3.77% had chronic episodes of violence.
Most patients (78.12%) had been referred to the assis-
tance network. Compared with women, mortality rates
were ~3 times greater in men. Notably, after exclud-
ing groups of women with an unknown sexual orienta-
tion, the women who had sex with women and travestis
and transgender women had higher mortality rates than
did cisgender women. Higher mortality rates are also
observed with advancing age; in black, married and non-
single people; with less schooling; in people with disabili-
ties or mental and behavioral disorders; and in cases of
chronic violence. In contrast, people who received refer-
rals to the health care network had lower mortality rates.
With the kappa statistic indicating full agreement for all
covariates (p<0.001), the adoption of the cutoff point
of 217.90 did not produce substantial differences in the
interpretation of the results.

Discussion

The main results of this study are focused on demonstrat-
ing the feasibility and good accuracy of determining the
probabilistic relationship of data between the SINAN
database of interpersonal and self-inflicted violence
and the SIM database to obtain information on sexual
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orientation and gender identity. Keeping a certain pio-
neering spirit, our findings make a significant contribu-
tion to addressing critical gaps on this subject both in
Brazil and globally. As noted, the utilization of data link-
age techniques allows for the retrieval of information
about gender and sexuality markers, a facet still relatively
underexplored in research. Determining a linkage strat-
egy, with parsimonious parameters for identifying true
and false pairs, tends to contribute to the use of the tech-
nique in the daily routine of health services and in aca-
demic production.

By adopting preprocessing routines and consider-
ing the relationship time as a function of the number of
true pairs detected, the recognition of the best blocking
and processing strategies constitutes an advance for the
systematic adoption of this method in the daily life of
the services, especially when considering sexual orienta-
tion and gender identity as exposure variables in future
analyses. These procedures resulted in a true-pair detec-
tion rate with proportions compatible with those found
in other investigations whose outcome variable was the
registration of death in SIM [20, 32].

On the other hand, it is important to note that we are
faced with slightly different connecting keys between
these investigations. In this article, the linking keys
were restricted to the variable’s “name’;, “birthdate’, and
“mother’s name”. Although the municipality of residence
is traditionally used in probabilistic relationships, in the
specific case of our study, this variable could bring more
elements of uncertainty than solutions. This is because
when reaching groups such as travestis and transgen-
der women, as well as people known to be victims of
violence, depending on the population base used, it is
imperative to consider the possibility of constant changes
in addresses over time due to stigma and the structure of
violence itself that surrounds them [33]. There has been
a consensus in Brazilian production that housing insta-
bility is a factor present in the lives of a significant por-
tion of travestis and transgender women [10, 34]. These
distinctions in the probabilistic data matching strategies
necessitate caution when comparing the data linkage
results of different studies.

Complementing this analysis, the definition of a cutoff
point in the scores of the probabilistic relationship of data
constitutes another important aspect for the advance-
ment of the adoption of this technique in analyses both
by health surveillance services and by the academic sec-
tor. Recognizing the cutoff point, the manual peer review
phase tends to be more efficient [4, 24], significantly
reducing processing time and improving accuracy in
future data relationships. The adoption of scores>17.9
reduced 56.16% of the pairs to be reviewed, with 90.04%
of the pairs being truly negative. In other words, with
high specificity (>90.00%) and with the loss of only 25
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Table 3 Characteristics of the study population, mortality rates (per 1000 persons), and agreement among the cutoff points of the
best strategy (#1) for each population subgroup. State of Rio de Janeiro, Brazil, 2015-2020 (n=380.178)

Variables N % Cutoff=10.60 Cutoff = 17.90 % Agreement Kappa pvalue
Deaths MR Deaths MR
Overall 80,178 - 1556 19.41 1532 19.11 99.97 0.992 <0.001
Groups 80,169 - - - - - -
HCW 28987 3620 285 9.83 281 9.69 99.99 0.993 <0.001
WSW 1159 145 13 1122 13 11.22 100.00 1.000 <0.001
CWUnknow 30,884 3850 474 1535 467 1512 9998 0.992 <0.001
TGW 472 0.59 7 1483 7 1483 100.00 1.000 <0.001
HCM 4496 5.61 172 3826 171 3803  99.98 0.997 <0.001
MSM 534 0.67 1 2060 10 1873 99.81 0951 <0.001
CMUnknow 13,550 1690 591 4362 580 4280 9992 0.990 <0.001
TGM 87 011 3 3448 3 3448  100.00 1.000 <0.001
Age group 80,178 - - - - - -
19-29 years 35,327 4406 494 1398 483 1367 9997 0.989 <0.001
30-39 years 23,800 2968 360 1513 353 1483  99.97 0.990 <0.001
40-49 years 13,848 1727 342 2470 339 2448  99.98 0.996 <0.001
>50 years 7203 8.98 360 4998 357 4956  99.96 0.996 <0.001
Self-declared race/color 62,620 - - - - - - - -
White 21,001 3354 378 18.00 371 1766  96.50 0.990 <0.001
Black (Black/Pardos) 40.991 6546 818 1996 808 1971 9698 0.994 <0.001
Asian 495 0.79 4 8.08 4 8.08 100.00 1.000 <0.001
Indigenous 133 0.21 2 1770 2 15.03  100.00 1.000 <0.001
Marital status 47,110 - - - -
Married and other 21,461 4556 347 16.17 340 1584  99.97 0.990 <0.001
Single 25,649 5444 404 1575 399 1556 99.98 0.994 <0.001
Schooling 29,326 -
> 8 years of study 19,423 6623 195 10.04 192 9.89 99.98 0.999 <0.001
Up to 8 years of study 9903 3377 235 2373 231 2333 9996 0.991 <0.001
Persons with a disability 80,178 - - - -
No 78,325 9769 1463 18.68 1440 1838 9997 0.992 <0.001
Yes 1853 231 93 5019 92 4965  99.95 0.994 <0.001
Persons with a mental or behavioral disorder 80,178 - - - -
No 76,350 9523 1368 1792 1346 1763 9997 0.992 <0.001
Yes 3828 4.77 188 4911 186 4859  99.95 0.994 <0.001
Chronicity of violent episodes 80,178 - - - -
No 77159 9623 1493 1935 1469 1904 9997 0.992 <0.001
Yes 3019 3.77 63 2087 63 20.87  100.00 1.000 <0.001
Referral to the assistance network 80,178 - - - -
No 17,545 2188 438 2496 428 2439 9994 0.988 <0.001
Yes 62,633 7812 1118 17.85 1104 1763 99.98 0.994 <0.001

Legend: MR: Mortality Ratio; HCW - Heterosexual cisgender women; WSW - Woman who had sex with women; CWUnknow - Cisgender women of unknown sexual
orientation; TGW - Travestis and Transgender women; HCM - Heterosexual cisgender men; MSM - Men who had sex with men; CMUnknow - Cisgender men of

unknown sexual orientation; TGM - Transgender men

true pairs erroneously classified as false (98.46% sensitiv-
ity), our strategy 1 demonstrated excellent properties and
elements compatible with other linkage strategies with
Brazilian datasets [20, 32]. In addition, when incorporat-
ing the deaths into the SINAN database, the degrees of
agreement for the kappa indicator are high and close to
1 for all the variables of interest in this study, revealing
that the adoption of a higher cutoff point (=17.9) does
not imply losses for future analyses.

The mortality rates observed at the two cutoff points
established by the linkage strategy revealed a scenario
consistent with the investigations on the subject. That
is, advanced age, black race/color, a shorter length of
schooling, and disabilities and mental and behavioral
disorders [35-37] were associated with higher mortality
rates. Thus, these results corroborate the effectiveness of
the probabilistic data relationship strategy in the produc-
tion of reliable information on this topic.
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The same occurs in relation to gender markers and sex-
ual orientation. It was observed that transgender women
and those who have sex with other women have higher
mortality rates than heterosexual cisgender women. Men,
whether they are cisgender or transgender, as well as men
who have sex with men, also have a higher risk of dying
than heterosexual cisgender women [38—41]. Thus, hav-
ing established the cutoff point and the best strategies for
capturing information in large datasets, it is essential to
scrutinize in more detail how sexual and gender markers
affect the risk of dying in the population.

Furthermore, the number of deaths among travestis
and transgender people is likely higher than that cap-
tured in the linkage process, resulting in classification
bias. While cisgender men and women have their names
established passively, that is, during birth [42], transgen-
der and nonbinary people are actively involved in the
choice of this name and still face important bureaucratic
barriers to be able to make it compatible with their iden-
tity [16]. It’s conceivable that the name recorded in the
SINAN form for some transgender individuals may have
been changed over time [19]. It’s plausible to consider
that the deaths of some transgender individuals may not
have been accurately captured during the linkage pro-
cess. In these cases, the death will not be attributed to
the person, resulting in a false-negative result and, once
again, approaching the mortality rates between cisgender
and transgender people.

Additionally, although the use of the method is prom-
ising for the analysis of mortality according to sexual
orientation and gender identity, other precautions are
necessary. Although the quality of filling out the SINAN
has improved over the years [43], notably, the present
study found that sexual orientation was not reported (i.e.,
it was considered “unknown” or “omitted”) in 44.45% of
the patients. A similar situation can be observed regard-
ing “self-reported race/color’; “marital status’, and, even
more markedly, regarding the variable “schooling”

The quality and completeness of information in Brazil-
ian health information systems have been constant and
long-standing challenges for researchers and health man-
agers since the omission of such data greatly compro-
mises the analytical capacity and formulation of public
policies [44—46]. Because they are constant variables and
are known to be associated with asymmetries and inequi-
ties in health [47-51], their omission in analytical mod-
els, either as a confounding variable or, in some cases, as
an exposure variable, can produce strong biases in the
production of knowledge on the subject. In this vein,
reflecting on professional awareness strategies for the
incorporation of these practices of sensitive and atten-
tive questioning to users, as well as awareness that these
factors are preponderant for the construction of health
actions, are currently urgent elements.
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The classification of the “gender identity” variable in
SINAN demands careful attention as the system pre-
scribes specific categories for travestis, transgender
women, and transgender men [19]. Consequently, indi-
viduals who do not fit these specified categories or whose
identities were not recorded — labeled in the system as
“unknown” or “omitted” — are automatically classified
as cisgender. This oversimplified approach might not
accurately capture the full spectrum of gender identi-
ties, particularly for those whose true identity was either
not recorded or not inquired about. This limitation can
compromise the tool’s sensitivity and, in turn, in mortal-
ity analyses, data about the cisgender population may be
skewed by inaccurately categorized deaths. This leads to
a potentially flawed estimation of mortality rates among
cisgender individuals compared to the groups of travestis,
transgender women, and transgender men [17].

In addition to the limits already exposed and which
must be considered when interpreting probabilistic rela-
tionships with these datasets, an important selection bias
must be considered in future analyses. When studying
one of the few databases that contains information on
sexual orientation and gender identity, the SINAN data-
base of interpersonal and self-inflicted violence, we par-
tially apprehended the actual information experienced by
the population. This is because not all people suffer vio-
lence, and not all people who suffer violence are notified
in health services.

Studies have shown substantial differences in the
prevalence of violence between primary surveys and the
results obtained by SINAN [52-54]. A notable example
of these differences is the fact that the surveys indicate
psychological violence as the most prevalent [55], while
the SINAN data indicate physical violence as the one with
the greatest magnitude of violent events [43]. This differ-
ence may be associated with health professionals’ own
understanding of what the phenomenon of violence is, as
well as the interpretation of which violence is worthy of
reporting and which is not, since notions about this phe-
nomenon are influenced by the sociohistorical confor-
mations of society [56]. In other words, culture, values,
and social structure directly affect people’s perceptions
of what is and is not considered violence. They also pro-
duce a kind of stratification of which types of violence
are more violent than others and, consequently, those
that are worthy of immediate reporting and those that do
not need to be recorded urgently [57]. Thus, physical and
sexual violence, as well as cases that imminently threaten
life, might be more common than others.

This information bias results in the generation of sta-
tistics based on SINAN data that differ from the reality
estimated by surveys [43, 52-55]. In this context, analy-
ses derived from linkages whose population base is based
on SINAN should be interpreted with caution, as the
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records refer to a population subjected to specific con-
texts that may be different from those observed in the
general population. Thus, the mortality rates observed
in our study should not be taken as representative of
the general population. On the contrary, their utility lies
in the ability to conduct repeated measures over time,
providing the monitoring of mortality according to sex-
ual orientation and gender identity. As mentioned, the
SINAN is the only Brazilian database where sexual and
gender markers are officially monitored.

This bias can be circumvented by introducing a unique
identification key [16] in information systems, such as
civil registry numbers, the natural persons registry, or the
national registry of the health system, as well as the intro-
duction of the variables “sexual orientation” and “gender
identity” into other data collection systems and not only
in the SINAN database of interpersonal and self-inflicted
violence [16, 58]. Until then, even with recognized inac-
curacies and analytical limits, the performance of pro-
cedures involving probabilistic data relationships should
be encouraged to better understand the needs of certain
subpopulations, improve the technique for capturing
information about the LGBTQ+ population, and thereby
advance the formulation of public policies compatible
with the needs of this group.

Conclusion

Despite the inaccuracies produced by the data collection
format of the variables “gender identity” and “sexual ori-
entation’;, the probabilistic data linkage is an important
technique with high applicability in the daily routine of
health services. With its identification of possible block-
ing and pairing strategies and the detection of the best
cutoff point for linkage scores, this technique becomes
more useful in daily research and monitoring by health
surveillance services. The application of this technique
should be considered in monitoring mortalities over
time, as it is useful in formulating public policies for the
LGBTQ+population.
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