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 CURRENT
OPINION Linking household members and defining relational

networks using routine health data
1040-8703 Copyright © 2024 Wolte
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Purpose of review

The growth of rich electronic health record (EHR) data and large health databases has introduced new
opportunities to link individuals together into households and relational networks. These ‘linked relational
networks’ hold promise for providing family-level care and studying intergenerational epidemiology and
clinical outcomes. However, as linked relational networks become more commonly available in EHRs and
research databases, it is critical to understand their challenges and limitations.

Recent findings

Matching algorithms are being used to create linked relational networks in EHR and health databases.
Clinically, these algorithms have been most useful to provide dyadic maternal–newborn care. In research,
studies using these algorithms investigate topics ranging from the pharmacoepidemiology of parental drug
exposure on childhood health outcomes, to heritability of chronic conditions, to associations between
parental and child healthcare access and service delivery. However, ethical and technical challenges
continue to limit use of these algorithms. There is also a critical research gap in the external validity of
these matching algorithms.

Summary

Linked relational networks are in widespread use in pediatric clinical care and research. More research is
needed to understand the scope, limitations, and biases inherent in existing matching strategies.

Keywords

caregiver, electronic health record, family, household, pharmacoepidemiology, relational network
INTRODUCTION For this review. we adopt a definition of a linked
Department of Pediatrics, Boston University Chobanian & Avedisian

School of Medicine, Boston, Massachusetts, USA

Correspondence to Jeffrey I. Campbell, MD, MPH, 670 Albany Street,

6th floor, Boston, MA 02118, USA. Tel: +1 617 414 5160;

fax: +1 617 414 7230; e-mail: jeffrey.campbell@bmc.org

Curr Opin Pediatr 2024, 36:000–000

DOI:10.1097/MOP.0000000000001415
Delivering family-centered care has long been a goal
of clinicians and health organizations. As increasing
volumes of health data have been electronically
recorded, health information technology (HIT)
strategies emerged to create linked databases. These
linked databases achieve matching by using sets of
unique identifier data to relate individuals or groups
across multiple databases or clinical records.

An extension of database linking is the ability to
connect records and data of one individual to the
records and/or data of other individuals. The net-
work of linked individuals – what we call a ‘linked
relational network’ – can exist within electronic
health records (EHR), claims databases, and epide-
miologic datasets. Generating linked relational net-
works has introduced new opportunities and
challenges in pediatric and family-centered care.
As linking strategies become more prevalent and
sophisticated, it is important for clinicians and
researchers to understand what these tools are,
the expanding ways in which they are used, and
their limitations.
rs Kluwer Health, Inc. All rights rese

rs Kluwer Health, Inc. Una
relational network as the set of individuals who can
be linked by shared identifying attributes that: are
routinely collected for the provision of healthcare,
can specify a unique network of two or more indi-
viduals, and that plausibly mirror established real-
world relationships. Surveying seminal and recent
literature, we highlight algorithms that identify
linked relational networks, and scientific advances
that these algorithms have enabled. We discuss how
these algorithms have been and likely will be used in
clinical care, and their uses in epidemiology and
health policy research (Table 1). Finally, we discuss
important ethical considerations surrounding the
use of these algorithms.
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KEY POINTS

� Matching algorithms are widely used to link individuals
to each other in electronic health records, and in
research and administrative databases, forming what
we call ‘linked relational networks’.

� Linked relational networks enable novel opportunities
for family-level care, and to understand disease
epidemiology and health service delivery within
interpersonal networks at a large scale.

� As new applications of these algorithms emerge, it will
be important for clinicians and researchers to
understand the current limitations of linking, and the
potential ethical challenges that use of these
algorithms create.

� More research is needed to demonstrate the external
validity of these matching algorithms.

Population health
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GENERATING LINKED RELATIONAL
NETWORKS

Methods to link individuals within health records
and databases can be categorized as deterministic –
requiring exact data matches to establish links – and
probabilistic – using a computed probability that
fully matching or partially matching data represent
a link (Fig. 1) [1]. To date, most linking algorithms
have used deterministic matches. In clinical prac-
tice, the certainty and uniqueness of deterministic
matching is critical so that accurate information can
be correctly routed to clinicians. For example, in the
EHR, deterministic matching ensures that neonates
Table 1. Applications of linked relational networks using health

clinical and epidemiological research

Clinical care

EHR maternal–neonatal dyad hyperlinks and data piping between clin

Policy research

Family insurance numbers enable evaluation of multiplier effect of enro

Clinical and epidemiology research

Parent–child links enable evaluation of:
Intergenerational prevalence and incidence of chronic conditions
Association between parental preventive care and child well child ca
Evaluation of co-location of clinical care services
Associations between parent and child vaccine uptake
Effects of maternal and paternal antenatal medication exposure and

Multigenerational links among large family networks enable study of h

Family insurance identifiers facilitate study of effects of surgery and me
receipt

Linkages between health and multigenerational demographic/administ
cohort designs

EHR, electronic health record.

2 www.co-pediatrics.com
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are accurately linked to their mothers to facilitate
newborn care. In administrative and research data-
bases, deterministic matching similarly ensures
linking accuracy by using specific identifiers such
as phone numbers, addresses [2,3], emergency con-
tact, and/or payment guarantor information [4].
Within claims databases, these identifiers include
shared insurance numbers and family identification
numbers [2,4,5,6

&&

,7]. Computed data can also be
deterministically matched to establish linked rela-
tional networks. For instance, address geocodes can
be matched to ascertain linked relational networks
based on residence. Recent literature has described
how combinations of data elements (e.g. phone
number plus address plus insurance information)
can increase sensitivity of matching algorithms
[2,8,9

&&

].
A limitation of deterministic matching is that

relational ties between individuals in a database or
clinical record may be overlooked because of dis-
crepancies in data, such as misspellings of addresses
or names. Thus, there has been increasing interest in
using probabilistic matching algorithms to infer
linked relational networks. A recent study of preg-
nancy-offspring outcomes conducted within the
OCHIN Accelerating Data Value Across a National
Community Health Center Network (ADVANCE)
database leveraged free text data to establish prob-
abilistic links between children’s and mothers’
records [9

&&

]. Here, the investigators matched free
text emergency contact names within a database of
candidate contacts, and added specificity by match-
ing phone numbers, street addresses, and zip codes.
Each step required only a partial datamatch, but the
and administrative data in clinical care, policy research, and

ical records enables newborn care

lling individuals in insurance

re

neonatal/childhood outcomes

eritable conditions in clinical databases

dication prescribing on spousal mental health and medication

rative databases enables sibling comparison quasi-experimental
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FIGURE 1. Established and future relational network linkages using health information technology and data collected in health
records and databases. Created in BioRender. Campbell, J. (2024) BioRender.com/k51o237.

Linked relational networks Campbell et al.
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 overall strategy generated precise mother–child

linkages that could be used for epidemiologic
research.

The types of relationships that HIT-based link-
ing strategies create are dependent upon available
data. Algorithms using individuals’ addresses will
generate networks that mirror the classical defini-
tion of a ‘household’. Meanwhile, links based on
insurance guarantor or emergency contact phone
numbers will resemble networks of social support,
which do not need to be (and often are not) based
on cohabitation.
LINKED RELATIONAL NETWORKS IN
CLINICAL CARE

To date, clinical applications of linking technologies
have been primarily developed for maternal–neo-
natal care settings. Several large EHR systems con-
tain perinatal care applications in which maternal
and delivery data from maternal records are auto-
matically piped to a neonate’s record. Integrated
clinical platforms that include linked maternal–
neonatal records have shown to improve neonatal
1040-8703 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2024 Wolters Kluwer Health, Inc. Una
care documentation and billing [10,11]. Meanwhile,
the absence of linkedmaternal–neonatal records has
been identified as a barrier to ensuring accurate
postnatal diagnosis of congenital illnesses [12].

The routine linkage of maternal–neonatal
records expands the amount and variety of data
available for novel clinical tools in newborn care.
For example, Gerard et al. [13

&

] used linked mater-
nal–infant records and machine learning to develop
predictivemodels of neonatal hypoglycemia. In their
analysis, an identifier was used to specify maternal–
neonatal dyads, enabling incorporation of maternal
medical history and comorbidity variables in candi-
date predictive models. These linked data will likely
be valuable as machine learning, and similar meth-
ods are used to identify patterns in large clinical
datasets that can be translated to the bedside.

Scant literature describes implementation of
linkage techniques for clinical care beyond the neo-
natal period. Clinical tools that link caregiver–child
dyads as well as siblings in the EHR have several
potential applications. One potential application is
a ‘family health record’, which would share clinical
information of family members between multiple
rved. www.co-pediatrics.com 3
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clinicians and locations, thereby improving family-
centered care [14]. In public health, linked rela-
tional networks could facilitate provision of infec-
tion control and prophylaxis to at risk household
members after exposure to transmissible infectious
diseases. Finally, if embedded widely in the EHR,
linked relational networks might decrease patient
and care navigator burden when households, not
individuals, are screened for household-level social
needs. Despite benefits, technical and ethical hur-
dles may hinder use of health data-defined rela-
tional networks beyond the newborn period, as it
will be discussed in the following. To mitigate chal-
lenges, it will be important for patients and clini-
cians to provide input and ideally co-create
clinically linked relational network tools to ensure
acceptability.
LINKED RELATIONAL NETWORKS IN
POLICY RESEARCH

The use of family identifier numbers in claims data-
bases has enabled evaluation of the effects of health
policy interventions within linked relational net-
works. In a seminal study, DeVoe et al. used house-
hold identification numbers within the Oregon
Health Plan (Oregon’sMedicaid program) and emer-
gency contact and guarantor linkages within the
OCHIN EHR database [4] to generate a cohort of
caregiver and linked children [15]. Then, investiga-
tors examined the association between caregiver
insurance enrollment and subsequent enrollment
of their children in the health plan, finding
increased enrollment of children when their parents
had been selected to enroll in the health plan. This
finding indicates that policies targeting adult cover-
age can have ripple effects on children’s access to
healthcare, while illustrating how linked relational
networks can be used to study health policy effects
within families.
INNOVATIVE USES OF LINKED
RELATIONAL NETWORKS IN CLINICAL
RESEARCH AND EPIDEMIOLOGY

Themost common use of linked relational networks
in research databases has been to study clinical and
epidemiologic relationships within network mem-
bers. Many of these studies use data elements inten-
tionally designed to specify family units – in
particular, family identification numbers within
insurance databases. Other studies have used inno-
vative linkages of data elements that were not ini-
tially designed to specify relational networks, such
as emergency contact information, address geoco-
des, and insurance guarantor data.
4 www.co-pediatrics.com
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Research using unique, linked identification
numbers in administrative databases
Studies have used established family identifiers in
insurance and administrative databases to examine
clinical outcomes and epidemiology within rela-
tional networks. For instance, several insurance
databases include a ‘family identifier number’ that
can be used to link family members who share
insurance plans (notably, Medicaid removed this
identifier number in 2014) [9

&&

]. The archetypical
use of these unique identifiers are studies linking
mothers to neonates [16–18]. Recent research has
sought to expand the sample sizes of these studies to
enable population-level assessments. A key example
is a recent population-wide study on the effects of
maternal disability on children’s receipt of well
child care using linked clinical data from dyads
mother–child born in-hospital in the Ontario (Can-
ada) MOMBABY dataset [19]. Likewise, strategies to
create maternal–neonatal relational network links
within the widely used Pediatric Health Information
System database have recently been published [20].

Another keyadvance in this fieldhasbeen theuse
of a broad array of relational ties that can be defined
using family identification numbers, expanding
linked relational networks beyond maternal–neona-
tal dyads. In a retrospective, claims-based analysis
using theOptumLabsDataWarehouse,Meserve et al.
[21] used an insurance family identifier number to
link expectant fathers to neonates. The investigators
examined whether paternal receipt of immunomo-
dulators for immune-mediated inflammatory dis-
eases was associated with adverse birth outcomes,
finding no association. Other studies have linked
adults to other adults [22,23], illustrating how family
identifiernumbers in insurancedatabases canbeused
to understand family-level clinical and epidemio-
logic outcomes.

Unique identifier numbers have also enabled
creation of linked relational networks across multi-
ple health-related, administrative, and demographic
databases. In a systematic review of the association
between paternal medication prescriptions and
linked neonatal outcomes, Gaitonde et al. used
national patient registries that enabled determinis-
tic linkages with birth records and other adminis-
trative databases [24

&

]. Similarly, Chen et al. [25
&&

]
analyzed the relationship between experiencing a
traumatic event and subsequent development of a
psychiatric disorder, using a comparison cohort
comprised of siblings who had not experienced a
traumatic event. This sibling network enabled the
investigators to control for potential confounding
by unmeasurable familial factors. To create the sib-
ling comparison cohort, the authors linked individ-
ual and family-level identifiers across the Swedish
Volume 36 � Number 00 � Month 2024
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Patient Register and Swedish Multi-Generation
Register. This study illustrates how a sibling com-
parison quasi-experimental study design can be
implemented at a population level when data in
registries can be linked [26].
Novel linkage strategies to define relational
networks in clinical research and
epidemiology

Although unique identifier numbers facilitate crea-
tion of relational networks across clinical and
research databases, many databases do not contain
such numbers. This data limitation has led inves-
tigators to explore the use of other deterministic and
probabilistic linking methods, often using more
than one identifier common to members of the
linked relational network.

One of the first research databases to implement
these linkages for clinical and epidemiologic studies
was the OCHIN research database [4,8]. Within the
database, investigators determined caregiver–child
relational networks using common emergency con-
tact records and/or guarantor fields of patients who
were labeled in the relevant field as the children’s
mother or father and who were 12–55years older
than the child to examine health service delivery
within the specified networks [27,28

&

,29]. Notably,
in one study in the OCHIN database, researchers
were only able to link 33% of children with a parent
[8]. Of these, 82%were linked to amother only, 14%
to a father only, and 4% to both. Most families
consisted of only one linked child (61%). These
statistics indicate potential limitations and gaps in
using health record data to define relational net-
works that comprehensively reflect family or house-
hold membership.

Others have added data elements to matching
algorithms to improve the yield of linkage genera-
tion. The ongoing PReventing Obesity through
healthy Maternal gestational weight gain In the
Safety nEt (PROMISE) Study uses a combination of
deterministic and probabilistic matching to capture
maternal–neonatal dyads, which it leverages to
examine relationships between antenatal weight
gain and neonatal outcomes in the OCHIN database
[9

&&

]. This study uses deterministic guarantor, emer-
gency contact, geocode, and phone number match-
ing, plus probabilistic ‘fuzzy matching’ of a variety
of data elements to establish linkages. Similarly, to
investigate the impact of prenatal drug exposure on
neonatal and pediatric outcomes, Weaver et al.
developed an algorithm using mother’s sex, age,
pregnancy with a live birth, children’s age, child’s
birthdate, insurance identifier number, and insur-
ance coverage time to link mothers and neonates in
1040-8703 Copyright © 2024 Wolters Kluwer Health, Inc. All rights rese
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two large claims datasets [30
&&

]. The use of multiple
variables resulted in a high linkage rate. Linked
mothers and infants comprised 73.6% of all mothers
and 49.1% of all infants in these databases, respec-
tively. Heerman et al. [31] used insurance (common
plan identification), child’s identification (listed on
maternal records), address (common geocoded loca-
tion), home phone, and emergency contact infor-
mation variables to link mother–child dyads while
investigating the intergenerational impact of anti-
biotic treatment during pregnancy on child obesity
at 5 years.

Although most relational networks in this liter-
ature have been used to study clinical outcomes and
epidemiology, investigators in New York City lever-
aged multigenerational networks established with
health record linking to study disease heritability
and simulate large-scale observational genetics stud-
ies [32]. Investigators developed a method to create
linked relational networks for a subset of patients
within two large healthcare systems. This algorithm
– named relationship inference from the electronic
health record (RIFTEHR) – used emergency contact
name, ZIP code, and phone number matching,
along with relationships specified in emergency
contact fields in the EHR. This method was used
to infer 7.4 million relationships in this clinical
database. This approach has been subsequently
adapted to other healthcare systems to understand
multigenerational patterns of obesity [33].
ETHICAL CHALLENGES IN GENERATING
AND USING LINKED RELATIONAL
NETWORKS

The principal challenge that linkage strategies raise
is potential breaches of privacy. In 2020, passage of
the 21st Century Cures Act required health systems
to provide patients with access to their EHR infor-
mation [34]. When data from linked relational net-
work members are piped between clinical charts,
private health information may be unintentionally
shared between patients. Lamar et al. [35

&

] report an
instance in which a history of intimate partner
violence, legal information, and a safety plan docu-
mented in a mother’s chart was automatically trans-
ferred to the chart of her newborn and thereby
became visible to the newborn’s father, who was
also the perpetrator. EHR systems may contain pri-
vate information-blocking features, but in this case,
these systems had not been activated. Other poten-
tial protections could include restricting access to
relational network data to clinicians only. Several
questions surrounding consent have also not been
addressed because clinical applications to date have
focused on maternal–newborn dyads. If clinical
rved. www.co-pediatrics.com 5
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applications expand to other relationships (e.g. con-
necting adults to other adults), should individuals
who could be linked be informed and given the
option to opt in or out? Should consent be reviewed
periodically in case relationships have changed? Or
should these linkages be automatic or covered under
blanket privacy clauses signed by patients when
they enroll in clinical care? Addressing these ques-
tions will be important to ensure ethical standards
are maintained and that potential clinical tools are
acceptable to patients.

When used in research, linked relational net-
works may exacerbate disparities in cases of incom-
plete or inaccurate data. English et al. developed a
linkage algorithm based on insurance identification
numbers, phone numbers, and addresses, and found
that patients with lower socioeconomic status had
lower chances of having a linkage [2]. This differ-
ence may have been because of higher absence of
family identifier numbers in Medicaid insurance
plans than commercial insurance, due to frequent
changes in phone numbers, multiple moves, or due
to residence in multiunit buildings where a shared
addresses were flagged as false-positive linkages.

To date, the sensitivity and specificity of health
data-linked relational networks has been validated
using other health record data (e.g. using maternal–
child dyadic links in an EHR to understand perform-
ance of multiple-variable linkage strategies). How-
ever, no external gold standard, such as direct
patient interviews, has been developed to under-
stand potential limitations or systemic errors in
these algorithms. Performing external validations
will be critical for understanding the scope and
limitations of linked relational networks. External
validation will also be important for uncovering
systemic biases in these algorithms’ abilities to
define clinically and scientifically relevant net-
works. In pediatric care and research, it is important
to perform these external validations to understand
how well linked relational networks in health data
map to real-world relationships that are important
for child health and development, such as care-
givers, parents, and siblings.
CONCLUSION AND IMPLICATIONS FOR
PRACTICE

Linked relational networks are widely used in pedia-
tric and family-centered research and clinical care.
They demonstrate how health information technol-
ogy and data science have leveraged large and com-
plex health databases, offering new opportunities
for family-centered care, epidemiological research,
and policy recommendations. As these technologies
evolve, there is potential for broader applications in
6 www.co-pediatrics.com

Copyright © 2024 Wolters Kluwer Health, Inc. Unauth
family-centered care, such as streamlining social
needs screening or enabling household-level infec-
tious disease control. Linked relational also enable
novel research designs, such as sibling comparison
studies and multigenerational analyses of health
outcomes. Key challenges include potential privacy
concerns, questions surrounding consent, and lack
of external validation of linkage algorithms. Those
utilizing these networks should be aware of their
strengths and limitations, and more research is
needed to understand the scope, limitations, and
biases inherent in existing matching strategies.
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