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Abstract

The Murcia Twin Registry (MTR) has steadily expanded over two decades and has become a key resource for twin research in the
Mediterranean region. The registry currently includes data from 3971 individual twins born between 1940 and 1999, as well as an associated
biobank containing samples from 1586 participants. Its primary research focus is on health and health-related behaviors within a public health
framework, covering areas such as lifestyle, health promotion, quality of life, and environmental factors. Across multiple waves of data
collection, the MTR has compiled extensive and wide-ranging phenotypic data. These data can be further expanded and have strong potential
for record linkage with other health databases, particularly those of the regional public health care system, including both primary and
inpatient care. Efforts are also underway to establish record linkage with additional sources of information, such as the educational system. In
the near future, the registry aims to expand its biobank and continue the collection of longitudinal data, as well as increasing the ability to
collect additional data that could enrich the information from participants in the register.
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Introduction: 20 Years of Twin Research in Spain

TheMurcia Twin Registry (MTR) was established in 2006 through a
collaboration between the University of Murcia and the Murcia
Health Council. The health authorities provided information on
regional residents who shared two surnames and birthdate, along
with additional identification and location data. This information
was supplied for each subsequent data collection wave, including
mortality data for earlier cohorts when longitudinal follow-up was
planned. It is, so far, the only population-based twin registry in
Spain. It was conceived as a fundamental research tool to investigate
the genetic and environmental determinants of complex pheno-
types, particularly those related to health and behavior. Initially, the
registry focused on a small, geographically limited sample, with
plans for progressive expansion (Ordoñana et al., 2006). The MTR
target population encompasses all twins living in the Region of
Murcia, a southeastern Spanish province with approximately 1.5
million inhabitants (Ordoñana et al., 2019). At present, the core
registry includes data from individuals born between 1940 and 1977,

and it is planning ongoing expansion to incorporate younger
cohorts. Additional sources of information are also being explored,
including record linkage with the regional health and education
systems, as well as the development of parallel datasets on neigh-
borhood characteristics and the use of geographic information
systems to collect data on environmental conditions, such as climate
and air pollution. In parallel, a satellite register keeps records of
younger, university-educated twins (born 1981−1999).

Over the past two decades, theMTR has developed into a robust
longitudinal research platform, comprising data from same-sex
and opposite-sex twins, as well as higher order multiples. It
includes both self-reported data and objective measurements,
alongside a dedicated biobank. Its comprehensive approach has
positioned the MTR as a key reference in the Spanish scientific
community and a valuable resource for both national and
international research collaborations. Despite the global pro-
liferation of twin registries, the MTR remains unique in Spain, and
its work continues to contribute significantly to the understanding
of the interplay between genetics, lifestyle, and environmental
factors in shaping health-related outcomes (Ordoñana et al., 2018).

MTR Trajectory Since 2006

TheMTR was established with the aim of forming a basic scientific
research resource for the analysis of genetic and environmental
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factors involved in the development of health behaviours. In fact,
the first data collection focused on collecting information on
phenotypes previously assessed by the health surveys that the
Spanish government carries out periodically (e.g., anthropometric
data, reproductive history, or health status and quality of life).
Currently, the information collected in subsequent data collec-
tions, as well as the performance of specific studies derived from
specific collaborations with other research groups, has con-
siderably expanded the traits and variables available in the MTR
databases. A summary of the main phenotypes gathered in the
MTR can be found in Table 1.

From its first steps, the MTR has been managed, specifically, by
the area of Psychobiology of the University ofMurcia. The inclusion
criteria, in principle, would only consist of being a pair of twins who
are resident in the Region of Murcia. Of course, collaboration with
the MTR is completely voluntary and conditional on the signing of
an informed consent form. In addition, registry protocols and
procedures of specific projects are submitted to the Research Ethics
Committee of the University ofMurcia for approval. Moreover, and
with the objective of ensuring future participation of twins, theMTR
tries to take the maximum care of its members, looking after their
interests in each of its collaborations. Finally, the register complies
with all European legal requirements on personal data protection
and was registered with the Spanish Data Protection Agency. The
information provided by participants is not stored together with
their identification data, and the process that would allow this
connection to be re-established is totally limited.

Waves of Data Collection

The MTR is defined as a population-based twin registry. Thus, the
twin recruitment procedure must ensure that all potential candi-
dates who meet the general criteria (being eligible twins) and

specific criteria (e.g. age for that specific wave) are invited to
participate. For this purpose, information on potential twin pairs is
obtained from public regional health system databases, which
incorporates virtually all residents in the region. First, individuals
with identical surnames and the same date of birth are selected
from the database. A letter is then sent to all potential twins, jointly
signed by the two participant institutions (the Health Council and
Murcia University). The purpose of this letter is to introduce the
MTR and explain its procedures, as well as to confirm the recip-
ients’ twin status. This initial contact is usually followed by a phone
call from registry researchers at the university; however, in more
recent data collections, twins have also been given the option to
participate directly via an online questionnaire. Participation in the
MTR is voluntary, and each request to participate in a specific
study is independent. Each specific invitation can be accepted or
rejected without abandoning participation in the registry.

Over the past two decades the MTR has conducted several large
data collections, each lasting between 6 and18 months depending
on the objectives and volume of data collected.Main characteristics
of these waves (i.e., date of collection, sex and birth year of par-
ticipants, and interview method) are described in Table 2. In
addition, selected subsamples of participants have taken part in
specific small-scale studies.

All in all, the MTR currently holds information on 3971 indi-
vidual twins, comprising 1780 complete twin pairs, 381 unpaired
twins, and 30 individuals from triplet sets, who have participated at
any stage (Tables 2 and 3). Longitudinal data are available for a
variable number of participants, depending on phenotype and
collection wave involved. The MTR core registry is representative of
the population of both the Region ofMurcia and Spain, as evidenced
by the distribution of sociodemographic characteristics and the
prevalence of major health-related traits among individuals born
between 1940 and 1977 (Ordoñana et al., 2018).

Table 1. Summary of the main phenotypes collected across different waves

Twins and family sociodemographic
characteristics

Zygosity screening, ancestors’ origin, number and sex of siblings, birth order, town of residence throughout life,
parental education, fusion with the twin.
Sex, year of birth, marital/partner status, number of children, education, occupation, employment, religiosity.

Anthropometric data Self-reported: eye color, natural hair color, laterality, birth weight, height, weight, BMI. Objectively measured
(only females and university students): height, weight, BMI, body composition (bioimpedance), waist and hip
circumferences.

Reproductive history (only females) Age at menarche, number of childbirths, contraception, breastfeeding, nausea and vomiting during pregnancy,
postpartum depression, use of contraceptives, menopause, hormonal replacement therapy, menopause-related
quality of life.

Health status and quality of life Self-rated health, health-related quality of life (EQ-5D), medical history, musculoskeletal pain, persistent
physical pain, use of medicines, functional status, use of health services, hospital admissions.

Health-related lifestyles, behaviors and
perceptions

Smoking, alcohol use, parental smoking and alcohol use, drug use and abuse, coffee and tea consumption,
physical activity, physical exercise, treatment adherence, disease prevention and early detection activities,
overweight perception, eating behavior (TFEQ), timing of meals, sleep quality (PSQI), sleeping patterns,
depression (STDI, IDER, CES-D, PHQ8), anxiety (GAD7), life satisfaction, subjective happiness, social support
(OSLO-3).

Chronobiological measures* Circadian rhythmicity (temperature, activity and position), hormonal variation, chronotype (M-EQ).

Ocular measures* Ocular biometry, peripheral optics, optical quality (corneal and ocular aberrations), refractive error, visual
quality (visual acuity, contrast sensitivity), intraocular scattering.

Cognitive functions* Intelligence (K-Bit), working memory (WAIS), creativity (CREA).

Vital events Stressful life events.

COVID and pandemic situation, vaccine
use (flu and COVID)

Use of screening tests, diagnosis and treatment, characteristics of the period of infection and disease, concerns
related to COVID

Time perspective Zimbardo Time Perspective Inventory (ZTPI)

Note: *Only available from selected subsamples.
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Zygosity Assessment

Zygosity of participant pairs has been ascertained byDNA analyses
in 48% of complete same-sex pairs of the sample. Methods have
included micro-satellite and SNP comparison. For those for whom
biological determination has not been possible, a standard ques-
tionnaire focusing on physical similarity and difficulties in telling
the twins apart has been used. The accuracy of zygosity deter-
mination by this method was determined by comparison with
DNA testing in a subsample (342 pairs/triplets), and the ques-
tionnaire correctly classified 95.5% of the pairs (Ordoñana et al.,
2013). Distribution of pairs by zygosity and sex is described in
Table 3.

Scientific Highlights

The MTR was created to address key public health issues such as
health-related traits and behaviors, wellbeing and quality of life, or
health promotion and prevention of disease. By incorporating a
behavioral genetics perspective, the MTR aims to unravel the
complex interplay between genetic, environmental, psychological,
S and social factors in shaping health outcomes.

The registry has yielded remarkable findings in both well
studied and understudied areas. Main areas of work have focused
on anthropometric measures (e.g., BMI) or mental health (e.g.,
anxiety and depression). In these realms, the MTR has offered new

insights for such relevant health condition, such as chronic pain
(Dario et al., 2016; Dario et al., 2017; Fernandez et al., 2017;
Pinheiro et al., 2015; Pinheiro, Morosoli, Colodro-Conde et al.,
2018; Pinheiro, Morosoli, Ferreira et al., 2018) or sleep quality and
biological rhythms (Andreucci et al., 2020; Lopez-Minguez et al.,
2016; Lopez-Minguez et al., 2019; Lopez-Minguez et al., 2017;
Madrid-Valero, Andreucci et al., 2022; Madrid-Valero et al., 2023;
Madrid-Valero et al., 2017, Madrid-Valero et al., 2018; Madrid-
Valero, Sánchez-Romera et al., 2022; Pinheiro, Morosoli, Ferreira
et al., 2018).Furthermore, the information available in the registry,
and the associated biobank, has been used in studies of forensic
genetics (Illescas et al., 2012; Marqueta-Gracia et al., 2018),
breastfeeding (Colodro-Conde et al., 2018; Colodro-Conde et al.,
2013; Colodro-Conde et al., 2011), social psychology (Tornero
et al., 2018), educational attainment (Colodro-Conde et al., 2015)
or ocular optics (Pusti et al., 2021, 2024; Tabernero et al., 2017),
among others, further demonstrating its multidisciplinary value.

Biobanking: Collaboration With the National DNA
Bank-Carlos III

TheMTR has developed a biobank with biological samples from its
participants, MZ twins and DZ twins of the same or opposite sex.
Since the collection of biological material began in 2009, the
biobank has been managed in collaboration with the National
DNA Bank − Carlos III (NDNAB; www.bancoadn.org/en). The
NDNAB, created in 2006, is located at the University of Salamanca
(Spain), and its scientific management is supervised and advised by
two external and independent committees, including an External
Ethics Committee.

Regarding the collection of MTR biological samples, the first
samples collected consisted of whole blood (10 ml of EDTA and 6
ml of ACD) or whole saliva (Oragene DNA collection kit) when
blood extraction was not possible. In subsequent waves, saliva was
collected using a chlorhexidinemouthwash (10ml), a cost-effective
and safe method for obtaining DNA of adequate quality (Pinto
et al., 2018). Detailed technical information on DNA extraction
and storage can be found on the NDNAB website (www.bancoadn.
org/en). The NDNAB collaborates with hospitals, transfusion

Table 2. Number of twin individuals interviewed and incorporated in the MTR by wave of data collection

Wave Kind of pair Collecting dates Kind of contact Birth years Participants New participants Biological samples (DNA)

1 S-S female Dec/06 – Dec/07 T 1940–1966 874 874

2 S-S female Mar/09 – Oct/10 I and T 1940–1966 831 128

2b S-S male Oct/10 – Oct/11 T 1940–1966 650 650

O-S 682 682

3 S-S and O-S Jan/13 – Dec/13 T 1940–1966 1631 2

3b S-S and O-S Jan/13 – Dec/13 M 1940–1966 631

4 S-S and O-S Jun/18 – Dec/18 T and O 1967–1977 1219 1219

5 S-S and O-S Sep/20 – Jun/21 T and O 1950-1977 2244 212

5b S-S and O-S Jun/21 – Dec/21 T and O 1950-1977 1315

Total core registry 3767 1420

S-S and O-S (university students) Sept 2017 – Jun 2018 I and O 1981–1999 204 204 166

Total 3971 1586

Note: S-S, same sex pairs; O-S, opposite sex pairs; T, telephone; I, in-person interview; M, mail; O, online.

Table 3. Distribution of participants according to zygosity

Same-sex

Female Male

MZ DZ MZ DZ Opposite-sex Total

Individuals in complete
pairs*

936 742 471 452 989 3590

Individuals in incomplete
pairs

42 51 52 69 167 381

TOTAL 978 793 523 521 1156 3971

Note: *Includes higher order groups. MZ, monozygotic; DZ, dizygotic.
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centers, blood banks, and other public institutions. In this regard,
samples originating from the MTR are available to both MTR
researchers and other interested groups (www.bancoadn.org/en/
samples) with the aim of facilitating, promoting, and developing
national and international scientific research on human evolution,
genetic/genomic diversity, and health-related risk factors, or the
etiology and treatment of diseases. NDNAB currently stores DNA
samples from 1586 MTR participants (Table 2) that have been
genotyped using the Illumina GSA Beadchip v.3. Stored samples
have been used for research on different areas such as Type-2
diabetes (Christiansen et al., 2024), psychiatric and neurodeve-
lopmental phenotypes (Assary et al., 2025), or nausea and vomiting
during pregnancy (Colodro-Conde et al., 2017). Researchers
interested in using the samples can contact NDNAB via their
website or the MTR, and their proposals will be reviewed by a
committee of MTR and NDNAB members.

Widening Research Perspectives: Record Linkage to
Health Databases

The MTR is able to combine survey responses with health,
administrative or educational records, which requires approaches
that address the unique challenges posed by multiple data sources.
Its database can be integrated with the regional electronic health
record system to obtain or verify medical information. With
participants’ informed consent, data from both primary care and
specialized health services may be linked to their survey responses.
This may include data from medical visits, analytical records, or
pharmaceutical prescriptions. Such linkage allows researchers to
confirm self-reported information and to add further details on
diagnoses, laboratory tests, and treatments. For this task, verifi-
cation of linkage quality proceeds with diagnostics such as match
rates, agreement indices, and probabilistic linkage scores to ensure
that records correspond to the correct individuals. It also includes
handling of missing data and identification of repeated mea-
surements and/or cases. Once linkage accuracy is established,
descriptive comparisons can identify systematic differences
between linked and unlinked cases, helping to assess potential
selection or linkage bias.

For twins recruited through the University of Murcia, and only
after receiving their explicit authorization, the MTR is also able to
access their university entrance examination results. These records
contain standardized scores across core academic areas such as
mathematics, history, and literature, which are used nationwide to
determine eligibility and priority for admission into different
university programs.

Within this framework, the MTR seeks to expand the available
information by linking it to other datasets. Efforts are also
underway to connect with the regional education system in order
to gain access to relevant data on educational trajectories and
academic achievement. In parallel, additional linked datasets are
being developed on neighborhood conditions and characteristics,
drawing on geocoding strategies and systematic social observation
tools. Furthermore, a map of climatic and air pollution data is
being constructed using information from regional (SINQLAIR)
and national (AEMET) systems.

MTR in International Collaborative Infrastructures

The MTR was originally conceived as a collaborative and inte-
grative research infrastructure, designed to foster partnerships
and knowledge exchange across institutional, national, and

international boundaries. In line with this ethos, it remains fully
open to cooperation with a broad range of research groups and
scientific networks. Over time, the registry has actively established
and maintained collaborations with multiple research teams and
has taken part in a diverse array of consortia and interdisciplinary
initiatives. These partnerships have not only broadened the sci-
entific scope of the MTR, but also significantly enhanced its vis-
ibility, multidisciplinary character, and potential for impact within
the global research community. This interdisciplinary approach
enhances the scope and impact of MTR studies, fostering inno-
vative research that bridges genetics, health, and other domains.
The primary focus of these joint endeavours has been the
exploration of health-related topics, approached through a variety
of methodological and theoretical frameworks.

The characteristics of the Spanish population provide a unique
sample for the study of specific phenotypes, such as sleep, diet, or
use of psychoactive medication due to factors such as climate,
health system organization, or cultural habits. This uniqueness
adds valuable diversity when MTR data are integrated into col-
laborative, multicohort projects, enhancing the generalizability
and comparative power of genetic and environmental analyses.

Notable examples have included genetic investigations into
quality of life by the GENEQOL Consortium (Sprangers et al.,
2009); studies examining nausea and vomiting during pregnancy
by the NVP Genetics Consortium (Colodro-Conde et al., 2017);
the utilization of anthropometric measures for the Cohort
Description of Collaborative Project of Development of
Anthropometrical Measures in Twins by CODATwins
Consortium (Silventoinen et al., 2015; Silventoinen et al., 2019); as
well as participation in twin research development initiatives (e.g.,
International Network of Twin Registries (Buchwald et al., 2014),
IGEMS (Pedersen et al., 2019) and EuroDiscotwin (Willemsen
et al., 2015). Additionally, the registry has contributed to efforts in
applied behavioural genetics (e.g., Enhancing Psychiatry Genetic
Counselling, Testing and Training in Europe [EnGage]), thereby
reinforcing its commitment to multidisciplinary and translational
research.

Conclusion

The MTR has been very prolific during its first two decades, and
many more initiatives still can be created and further developed.
There are several aspects on which this fundamental research
resource should focus: from the inclusion of participants from
other age groups — including children — to fostering collabo-
ration with other research structures and groups, as well as an
increasing effort in public education on issues related to the impact
of genetics in everyday life.

With these aims in view and maintaining a public health
approach, the MTR intends to continue conducting traditional
quantitative genetic analyses of relevant phenotypes, while also
incorporating recent advances in molecular genetics into its
research. Overall, by following a strategy that has proven effective
so far, the MTR remains committed to advancing scientific
knowledge and to acting as a key reference for twin research
in Spain.
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Riquelme, F., Polo-Tomás, M., & Ordoñana, J. R. (2011). Relationship
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Ordoñana, J. R., Pérez-Riquelme, F., González-Javier, F., Carrillo, E.,
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Disparity between central and peripheral refraction inheritance in twins.
Scientific Reports, 11, 12196. https://doi.org/10.1038/S41598-021-90838-8

Pusti, D., Benito, A.,Madrid-Valero, J. J., Ordoñana, J. R., &Artal, P. (2024).
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