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HealthTwiSt: The Berlin Twin Registry for
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The Berlin Twin Registry has its focus on health research. It is operated as a private company, making twin
studies available to academic institutions as well as commercial partners in the area of biotechnology and
nutrition. Recruitment is based on invitation in the context of mass media coverage of scientific results.
Phenotyping in the unselected twin subjects is directed toward intermediate phenotypes that can bear on
common diseases. These phenotypes include proteomic approaches and gene expression. Some results
are briefly described to give an impression of the range of research topics and related opportunities for
retrospective and prospective collaborative research.
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In 2003, HealthTwiSt was established as a spin-off from the
Medical Faculty of the Charité and Max Delbrück Center for
Molecular Medicine as the legal entity operating the Berlin
Twin Registry (BTR). Both retrospective data analyses as
well as prospective studies from the BTR sample are offered
to academic and commercial institutions.

Recruitment
Our main recruitment strategy is to increase awareness of
the twin registry’s existence, along with the uniqueness of
twins in research. This includes mass media advertisements
for specific projects as well as publication of results in non-
scientific newspapers. Motivation comes from demonstrat-
ing value for the general population as well as the indi-
vidual benefits for the twins who participate. As an in-
centive for participation, we provide a free health checkup
and free zygosity testing to twins. Aside from recruiting
new twin pairs, keeping in contact with the current reg-
istry members is the second important part of maintaining
a vibrant twin registry. While some twins will have been
participating in ongoing studies, a larger portion may ei-
ther not be suitable for the current projects or currently
not available. It is crucial to keep ties and maintain in-
volvement even if no immediate participation is possi-
ble. Regular newsletters and participation in local twin
conventions are currently our main activities; extensions
to our Web site for interaction between twins are under
development.

Data and Samples
Data storage is accomplished in a MySQL database with Web
front end. This includes all personal as well as phenotypic
information. A major part of our internal resources are
devoted to the continuing database development.

In most projects, complex measurement schemes are ap-
plied to balance effort in recruitment, time strain for the
twins, and scientific value. As long as there is a balance
between research interest and burden to the twins, combin-
ing studies is a suitable strategy to maximize the power of
phenotyping in twins.

Our twin sample is a self-selected adult sample with a
wide age range (38 ± 15 years) (Table 1) without specific
diseases; we have directed our phenotyping at intermedi-
ate traits and studied the influence of genetic variability
on normal physiological variation. Direct measurements of
traits like blood pressure were extended by functional assays
to determine venous function (e.g., Brinsuk et al., 2004).
Molecular phenotyping has been included in one study in
which we counted the percentage of neutrophils expressing
Proteinase 3 on their cell surface as a potential risk factor
for Wegener granulomatosis, finding a heritability of 0.99
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TABLE 1

Number of Twin Pairs by Age, Sex, and Zygosity

Age group MZ female MZ male DZ female DZ male DZ opposite sex Ambiguous female Ambiguous male

Under 11 0 0 0 0 1 9 15
11–20 0 5 1 0 16 27 29
21–30 13 23 5 4 81 130 63
31–40 33 32 10 3 148 261 165
41–50 35 25 17 8 58 160 54
51–60 19 6 7 4 18 74 19
61–70 11 7 5 2 7 44 6
Over 71 18 13 5 3 5 33 7

Total 129 111 50 24 334 738 358

with strong indication of epistatic effects (Schreiber et al.,
2003). Gene expression assays to measure gene activity as
an intermediate phenotype are currently under way.

While our past studies were based on status variables,
we have started intervention studies, looking at changes in
response to nutriceuticals. Using the monozygotic (MZ)
co-twin control design, a decrease in blood pressure after
an 8-week period of supplementation with an olive tree leaf
extract was found (Perrinjaquet-Moccetti et al., 2008).

Major Research Focus and Findings
Our main focus has been on the cardiovascular system. The
heritability analysis of blood pressure response to stress
(Busjahn et al., 1996) was extended to linkage and asso-
ciation with candidate genes (Li et al., 2001). For resting
blood pressure, with its well-established genetic variance
(Williams et al., 1990), a number of candidate genes were
tested based on findings from animal studies, cell-based as-
says, or case–control studies in hypertension (Busjahn et al.,
2000, 2002b; Firouzi et al., 2006; Gollasch et al., 2002; Nagy
et al., 1999).

Other cardiovascular traits of interest included barore-
flex sensitivity (Gollasch et al., 2002; Tank et al., 2001),
the electrocardiographic QT interval (Aydin et al., 2005;
Bezzina et al., 2001, 2003; Busjahn et al., 1999b, 2004;), lipid
metabolism (Al-Kateb et al., 2002; Knoblauch et al., 1997,
1999, 2000), and cardiac function as well as morphology
as determined by echocardiography (Busjahn et al., 1997,
2000, 2009).

We have also included obesity-related measurements.
New heritability estimates have been obtained for free
(h2 = 0.28) and bound leptin (h2 = 0.72) concentra-
tions, together with the leptin receptor (h2 = 0.56; Jordan
et al., 2005). Candidate genes for obesity have also been
studied (Dieter et al., 2004; Knoblauch et al., 1999). A
recent major project focused on the impact of dietary
changes on hormones as well as gene expression; follow-
ing 2 years of data collection, analyses are currently being
conducted.

Pharmacogenetic studies have been attempted too, but
recruitment proved to be less successful compared to non-
interventional studies (Birkenfeld et al., 2009). Radiosen-

sitivity, a trait of utmost relevance for cancer in terms
of causality as well as therapy, was studied based on cul-
tured blood cells from MZ twins (Borgmann et al., 2007,
2010).

Psychological traits are not our main focus; however, we
have studied ‘stress coping’ because stress has been impli-
cated as a risk factor for various mental and physical diseases
(von Känel, 2012). Heritability estimation and gene iden-
tification studies for stress coping have been carried out,
showing heritability estimates between 0.21 and 0.52 for
four major coping factors, as well as a significant associ-
ation with the beta-2 adrenergic receptor gene (Busjahn
et al., 1999a, 2002a).

Collaborations
The BTR is open to collaboration with national as well as
international networks. Beside common scientific endeav-
ors, this may include the establishment of data management
structures for newly emerging twin registries, based on our
in-house framework. Hosting of our twin registry by a pri-
vate company has added great flexibility for collaborations,
academic as well as industrial. Traditionally, there have been
close ties with the Medical Faculty of the Charité, where
most of the clinical phenotyping takes place, and the Max-
Delbrück–Center for Molecular Medicine. Other collabo-
rations have included the University Hospital Eppendorf in
Hamburg, Tübingen University, the Max-Planck Institute
for Psychiatry in Munich, the Dr Margarete Fischer-Bosch
Institute for Clinical Pharmacology in Stuttgart, Univer-
sity Hospital Jena, and the Academic Medical Center of the
University of Amsterdam.

Collaborative research may include access to clinical data
and DNA from earlier studies in the context of candi-
date gene studies, as well as prospective studies to obtain
new data and biological samples. Prospective studies may
include intervention studies in the context of nutriceuti-
cals/cosmeceuticals, but not clinical trials in phase I or II.

Depending on the background of the collaboration, de-
velopment and fine-tuning of methodology can be done
by either party or in close collaboration. If necessary, we
can involve our local partners in phenotyping and/or
genotyping.
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Ethical Responsibilities
All our projects have been approved either by the Ethics
Committee of the Charité or the partnering research insti-
tution. There is no direct access to non-anonymized data or
twin addresses. The subjects have the option of withdrawing
at any time. Participants receive feedback on clinical mea-
surements — for example, blood pressure or cholesterol —
but not on gene variants.

Conclusions and Future Directions
In conclusion, the BTR has already managed to revive in-
terest in twin research in Germany and will continue to
serve a broad range of research interests. We believe that
twin research is a novel approach to complicated problems.
Moreover, since the healthy are the harbingers of traits that
cause disease, studies of the healthy are an underutilized
resource. The purpose of the BTS is to answer fundamental
questions regarding complex, common diseases.

It is our vision to set up a regional, population-based twin
registry in the Berlin and Brandenburg areas in the future.
Furthermore, we strive toward greater ties with interna-
tional partners within various initiatives; a major step was
the recent establishment of the Web site worldwidetwins.net
as a platform for collaboration between twin registries.
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G., Krüger, N., . . . M. F. (2009). Genetic influences on the
pharmacokinetics of orally and intravenously administered
digoxin as exhibited by monozygotic twins. Clinical Phar-
macology & Therapeutics, 86, 605–608.

Borgmann, K., Haeberle, D., Doerk, T., Busjahn, A., Stephan,
G., & Dikomey, E. (2007). Genetic determination of chro-
mosomal radiosensitivities in G0- and G2-phase human
lymphocytes. Radiotherapy and Oncology, 83, 196–202.

Borgmann, K., Raabe, A., Reuther, S., Szymczak, S., Schlomm,
T., Isbarn, H., . . . Dikomey, E. (2010). The potential role

of G2- but not of G0-radiosensitivity for predisposition of
prostate cancer. Radiotherapy and Oncology, 96, 19–24.

Brinsuk, M., Tank, J., Luft, F. C., Busjahn, A., & Jordan, J.
(2004). Heritability of venous function in humans. Arte-
riosclerosis, Thrombosis, and Vascular Biology, 24, 207–211.

Busjahn, A., Aydin, A., Uhlmann, R., Krasko, C., Bahring,
S., Szelestei, T., . . . Lang, F. (2002b). Serum- and
glucocorticoid-regulated kinase (SGK1) gene and blood
pressure. Hypertension, 40, 256–260.

Busjahn, A., Faulhaber, H. D., Freier, K., & Luft, F. C. (1999a).
Genetic and environmental influences on coping styles: A
twin study. Psychosomatic Medicine, 61, 469–475.

Busjahn, A., Faulhaber, H. D., Viken, R. J., Rose, R. J., & Luft,
F. C. (1996). Genetic influence on blood pressure with the
cold-pressor test: A twin study. Journal of Hypertension, 14,
1195–1199.

Busjahn, A., Freier, K., Faulhaber, H. D., Li, G. H., Rosenthal,
M., Jordan, J., . . . Luft, F. C. (2002a). Beta-2 adrenergic re-
ceptor gene variations and coping styles in twins. Biological
Psychology, 61, 97–109.

Busjahn, A., Knoblauch, H., Faulhaber, H. D., Boeckel, T.,
Rosenthal, M., Uhlmann, R. . . . Luft, F. C. (1999b). QT
interval is linked to 2 long-QT syndrome loci in normal
subjects. Circulation, 99, 3161–3164.

Busjahn, A., Knoblauch, H., Knoblauch, M., Bohlender,
J., Menz, M., Faulhaber, H. D., . . . Luft, F. C. (1997).
Angiotensin-converting enzyme and angiotensinogen gene
polymorphisms, plasma levels, cardiac dimensions: A twin
study. Hypertension, 29, 165–170.

Busjahn, A., Li, G. H., Faulhaber, H. D., Rosenthal, M., Becker,
A., Jeschke, E., . . . Luft, F. C. (2000). Beta-2 adrenergic
receptor gene variations, blood pressure, and heart size in
normal twins. Hypertension, 35, 555–560.

Busjahn, C. A., Schulz-Menger, J., Abdel-Aty, H., Rudolph, A.,
Jordan, J., Luft, F. C., & Busjahn, A. (2009). Heritability of
left ventricular and papillary muscle heart size: A twin study
with cardiac magnetic resonance imaging. European Heart
Journal, 30, 1643–1647.

Busjahn, A., Seebohm, G., Maier, G., Toliat, M., Nurnberg,
P., Aydin, A., . . . Lang, F. (2004). Association of the
serum and glucocorticoid regulated kinase (sgk1) gene
with QT interval. Cellular Physiology and Biochemistry, 14,
135–142.

Dieter, M., Palmada, M., Rajamanickam, J., Aydin, A., Bus-
jahn, A., Boehmer, C., . . . Lang, F. (2004). Regulation of
glucose transporter SGLT1 by ubiquitin ligase Nedd4-2
and kinases SGK1, SGK3, and PKB. Obesity Research, 12,
862–870.

Firouzi, M., Kok, B., Spiering, W., Busjahn, A., Bezzina, C. R.,
Ruijter, J. M., . . . de Leeuw, P. W. (2006). Polymorphisms
in human connexin40 gene promoter are associated with
increased risk of hypertension in men. Journal of Hyperten-
sion, 24, 325–330.

Gollasch, M., Tank, J., Luft, F. C., Jordan, J., Maass, P.,
Krasko, C., . . . Bähring, S. (2002). The BK channel beta
1 subunit gene is associated with human baroreflex and
blood pressure regulation. Journal of Hypertension, 20, 927–
933.

TWIN RESEARCH AND HUMAN GENETICS FEBRUARY 2013 165

https://doi.org/10.1017/thg.2012.95 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2012.95


Andreas Busjahn

Jordan, J., Brabant, G., Brinsuk, M., Tank, J., Horn, R., Luft, F.
C., . . . Busjahn, A (2005). Heritability of free and receptor-
bound leptin in normal twins. American Journal of Physiol-
ogy — Regulatory, Integrative and Comparative Physiology,
288, R1411–R1416.

Knoblauch, H., Busjahn, A., Muller, M. B., Faulhaber, H. D.,
Schuster, H., Uhlmann, R., & Luft, F. C. (1999). Peroxisome
proliferator-activated receptor gamma gene locus is related
to body mass index and lipid values in healthy nonobese
subjects. Arteriosclerosis, Thrombosis, and Vascular Biology,
19, 2940–2944.

Knoblauch, H., Busjahn, A., Munter, S., Nagy, Z., Faulhaber,
H. D., Schuster, H., & Luft, F. C. (1997). Heritability analysis
of lipids and three gene loci in twins link the macrophage
scavenger receptor to HDL cholesterol concentrations. Ar-
teriosclerosis, Thrombosis, and Vascular Biology, 17, 2054–
2060.

Knoblauch, H., Muller, M. B., Busjahn, A., Ben Avi, L., Bahring,
S., Baron, H., . . . Leitersdorf, E. (2000). A cholesterol-
lowering gene maps to chromosome 13q. American Journal
of Human Genetics, 66, 157–166.

Li, G. H., Faulhaber, H. D., Rosenthal, M., Schuster, H., Jor-
dan, J., Timmermann, B., . . . Busjahn, A. (2001). Beta-
2 adrenergic receptor gene variations and blood pressure
under stress in normal twins. Psychophysiology, 38, 485–
489.

Nagy, Z., Busjahn, A., Bahring, S., Faulhaber, H. D., Gohlke,
H. R., Knoblauch, H, . . . Luft, F. C. (1999). Quantitative
trait loci for blood pressure exist near the IGF-1, the Liddle
syndrome, the angiotensin II-receptor gene and the renin
loci in man. Journal of the American Society of Nephrology,
10, 1709–1716.

Perrinjaquet-Moccetti, T., Busjahn, A., Schmidlin, C.,
Schmidt, A., Bradl, B., & Aydogan, C. (2008). Food sup-
plementation with an olive (Olea europaea L.) leaf extract
reduces blood pressure in borderline hypertensive monozy-
gotic twins. Phytotherapy Research, 22, 1239–1242.

Schreiber, A., Busjahn, A., Luft, F. C., & Kettritz, R. (2003).
Membrane expression of proteinase 3 is genetically deter-
mined. Journal of the American Society of Nephrology, 14,
68–75.

Tank, J., Jordan, J., Diedrich, A., Stoffels, M., Franke, G., Faul-
haber, H. D., . . . Busjahn, A. (2001). Genetic influences
on baroreflex function in normal twins. Hypertension, 37,
907–910.

von Känel, R. (2012). Psychosocial stress and cardiovascular
risk: Current opinion. Swiss Medical Weekly, 142–154.

Williams, R. R., Hunt, S. C., Hasstedt, S. J., Hopkins,
P. N., Wu, L. L., Berry, T. D., . . . Kuida, H. (1990).
Genetics of hypertension: what we know and don’t
know. Clinical and Experimental Hypertension A, 12, 865–
876.

166 FEBRUARY 2013 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2012.95 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2012.95

