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Probability of dying
for elderly men and women 1950-2003
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Large variation in lifespan
within a birth cohort
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Danish Twin Registry
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LSADT

4,731 have completed 460 [ 366 [ 298
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Relative Recurrence Risk

Age MZ male DZ male P
Both survived past age 6

75+ 1.3 (1.2,1.3) 1.1 (1.0,1.2) < 0.0001

80+ 1.4 (1.3,1.6) 1.2 (1.1,1.4) 0.003

85+ 2.0 (1.6,2.4) 1.7 (1.4,2.0) 0.03

90+ 3.6 (2.1,5.0) 1.9 (0.8,2.9) 0.004

Hjelmborg et al., Hum Genet 2006



Lifespan of Twin
by Lifespan of Co-Twin
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Conclusion
» Constant or increasing heritability of
lifespan at the highest ages

» Limited genetic influence before age 60

» Focus on the highest ages when looking for
genetic variants influencing lifespan

Hjelmborg et al., Hum Genet 2006



Twin Design

» Heritability
- Life span 25%



Twin Design

» Heritability
- Life span 25%
- Functioning 50%



Twin Design
» Heritability

- Life span 25%

- Functioning 50%

- Alzheimer 70%



Twin Design

» Heritability

Life span
Functioning

Alzheimer

Parkinson
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Meta-analysis of the heritability of human
traits based on fifty years of twin studies
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Genetics: MZ Twin Pairs Concordant for Level
but Discordant at Specific Assessments
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Chance!

Gene + environment

fixed



Lifespan C. elegans
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Age-Related Traits

Age 45-90
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Heritability in the Latter Half of the Lifespan
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Middle Age Danish Twin Study

Intake (MADT):
 Completed in 1998
* N=4314 born 1931-1952
* 83% of surviving eligible twins

Follow-up (MADT & MIDT):

* Completed in 2008-2011

 N=2402 (MADT) and 10,281
(MIDT) born 1931-1969

 ~“50% eligible twins participated

McGue, Skytthe & Christensen, Int J Epi, 2014



MADT Lifestyle Assessment

mm Reliability Description/Sample Items

Physical Go on a rapid walk for exercise?
Activity a=.6 Cycle at least 3 km?
Intellectual Visit a museum or art exhibit?
. . 8 a=.67 . ..
Activity Read a book, news magazine, or similar?

Attend a party or social event?

Sl ) 6 a=.71 Visit family or friends in their homes?
Healthy Diet 5 a=.56 Frequency of eating fruit, vegetables, etc.
Smoking Number of cigarettes etc. smoked daily times
2 NA
Packyears number of years smoked
Drinks per c NA Average number of drinks/week in past 6
week months

McGue, Skytthe & Christensen, Int J Epi, 2014



Twin Correlations and Biometric Estimates

Physical Activity

Intellectual Activity .52
Social Activity .38
Healthy Diet .38
Smoking .69
Drinking 43
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McGue, Skytthe & Christensen, Int J Epi, 2014



Genetics of Aging

May be (largely?) constructed to reinforce
and complement heritable tendencies

May be the basis for stable heritable
Influences

McGue, Skytthe & Christensen, Int J Epi, 2014



Twins - An old-timer in family design

ANTHROPOLOGICAL MISCELLANEA.

The History of Twixs, as a Criterion of the RELATIVE PowERs
of NATURE and NURTURE. By Frawncis Garrow, F.R.8.*

“Extreme similarity and extreme
dissimilarity between twins of the same
sex are nearly as common as moderate
resemblance.”  F. Galton (1876)




JB Watson (Behaviorism) on Twins

“Suppose we were to take individual
twins into the laboratory and begin
rigidly to condition them along utterly
different lines... Those of us who have
spent years in the conditioning of
children and animals cannot help but
realize that the two end products would
be as different as night and day.”

John B. Watson (1928)




Twin Concordance for Behavioral Disorders
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Controlling for genetic factors and shared
environment through twin studies




Leukocyte Telomere Length

Inversely correlated with age
Shorter iIn men than in women

Associated with aging-related diseases

vV V V V

Associated with mortality?

Kimura et al. AM J Epidemiol, 2008



Telomere Length and Mortality

» 274 twin pairs age 73-94

» Blood samples 1997
» Follow-up to 2007

» Deaths: 289 twins
204 pairs with at least one dead twin

» Intrapair comparison:
Control for age, sex, genetic factors

Kimura et al. AM J Epidemiol, 2008



Telomeres and Survival
Intrapair comparisons
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Anesthesia and Postoperative Cognitive Dysfunction

Anesthesia - a potential risk factor for accelerated cognitive decline in
elderly

¢ Exposure to anesthesia is associated with loss of (Moller et al. 1998,
cognition in elderly ADidstrom e o 2000,
Monk et al. 2008 )

(Xie et al. 2006, 2008,

= Wiklund et al. 2009 )

R
i\
** Anesthetic agents may be important for ’ﬁi

the loss of cognition after surgery - en

¢ Alternative explanations:
Surgical procedure, patient vulnerability, the disease leading to surgery

+* Few and small studies

Up to 75 percent of the population has been exposed to anesthesia

Dokkedal et al. Anesthesiology 2016



Materials

Surveys including cognitive performance tests (N=8,503)

» Study of Middle-Aged Danish Twins (1931-52)
* <70 years
* N=4,299
* Intake assessment in 1998/99 and follow-up in the period 2008-2011

» Longitudinal Study of Aging Danish Twins (-1930)
* 270 years
* N=4,204
* First wave in 1995 with follow-up every 2nd year from 1997 to 2005

Cpr no Surgery data
« Type of surgery

Danish National Patient Register ‘ * Date of surgery
(1977->) - Date of admission

and discharge




Results

Differences in average cognitive scores
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SDU &~
ANESTHESIOLOGY

The Journal of the American Society of Anesthesiologists, Inc. ® anesthesiology.org

Surgery and Anesthesia Have No Long-term Impact
on Cognitive Function in Older Twins

Dokkedal et al. Anesthesiology 2016




Fertility, Ageing, and Longevity

A tooth per child?
- Germany
- Denmark
- Russia

- Japan



Fertility and Old-Age Health

» A tooth per child?
» Cost of reprodution?

»LSADT 1995 and 1997
2,978 twins aged 73+
- teeth
- children
- SES
- females and males



A Tooth per Child?
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A Tooth per Child?
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Biomarkers of Aging

Théodore Rousseau Harrison Ford
45 years 50 years
Gérard de Nerval Clint Eastwood
47 years 58 years




"Looking Old for Your Age”

A Genetic Condition
Associated with
Mortality?




"Looking Old for Your Age”

A Genetic Condition Associated with Mortality?

» Pictures of 387 twin pairs age 70-91
» 20 nurses act as assessors
» No knowledge about real age

» First day twin As, second day twin Bs

Christensen et al. Epidemiology, 2004



"Looking Old” and Mortality

Within twin pair comparisons:
» 49 deaths in twin pairs
» Oldest looking died first?

No diff. in
Youngest looking perceived age Oldest looking
die first (< 2 years) die first
/ 23 19

(p <0.03)

Christensen et al. Epidemiology, 2004



"Looking Old” and Mortality

Within twin pair comparisons:
» 126 deaths in twin pairs (January 2006)
» Oldest looking died first?

Assessor group Nurses Male students Elderly ladies
Youngest looking die first 19 26 31
No diff. in perceived age
(< 2 years) 55 45 46
Oldest looking die first 52 55 49

p (one-sided, two-sided) (0.000,0.000) (0.001,0.002) (0.028,0.057)

Christensen et al. BMJ, 2009



Dizygotic Twins Age 72

74.9

Perceived age

78.9




Dizygotic Twins Age 72

80.7

Perceived age

73.0




Sex, chronological age, perceived age
- and mortality

N Hazard ratios
(95% CI)

Sex 1826 0.60 (0.52-0.70)
Chronological age 1.11 (1.10-1.13)
Sex 1826 0.67 (0.57-0.78)
Perceived age 1.15(1.13-1.17)
Sex 1826 0.59 (0.51-0.69)
Chronological age 1.08 (1.07-1.10)
Perceived age 1.08 (1.05-1.10)

Christensen et al. BMJ, 2009



Environmental and Genetic Influences
— Facial Averages

Dizygotes: Better and Worse Agers

Average actual age: 69.35
Average perceived Age: 64.59 Average perceived Age: 75.19

N=14 Acknowledgements: Unilever and University of St. Andrews



Skin wrinkling
Hair graying

Lip height

Gunn et al, PLoS ONE, Nov 2009



Heritability

Monozygotic Dizygotic Heretability
correlation correlation (%)

Pigmented Spots 0.44 0.15 41 [14, 61]
Sun-damage 0.60 0.06 60 [40, 73]
Wrinkles 0.58 0.09 55 [34, 70]
Wrinkle Depth 0.60 0.16 57 [35, 73]
Lip Height 0.67 0.25 66 [48, 78]
Hair Graying 0.90 0.34 90 [80, 94]
Hair Recession 0.81 -0.03 80 [51, 94]
Hair Thinning 0.06 0.31 0[O0, 49]

Gunn et al, PLoS ONE, Nov 2009



Cancer and longevity
- is there a trade-off?

A Study of Co-occurrence in Danish
Twin Pairs Born 1900-1918

Christensen et al, ] Gerontol, 2012



Family co-occurrence of
cancer and longevity

Predictions of the two hypotheses:

= "Causal”: Low cancer risk in relatives
of long-lived individuals

" "Trade-off”: High cancer risk in relatives
of long-lived individuals

Christensen et al, J Gerontol, 2012
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The continuing value of twin studies
In the omics era

Jenny van Dongen’, P. Eline Slagboom?, Harmen H. M. Draisma’, Nicholas G. Martin®
and Dorret I. Boomsma'’

Abstract | The classical twin study has been a powerful heuristic in biomedical,
psychiatric and behavioural research for decades. Twin registries worldwide have
collected biological material and longitudinal phenotypic data on tens of thousands
of twins, providing a valuable resource for studying complex phenotypes and their
underlying biology. In this Review, we consider the continuing value of twin studies in
the current era of molecular genetic studies. We conclude that classical twin methods
combined with novel technologies represent a powerful approach towards identifying
and understanding the molecular pathways that underlie complex traits.




Epigenetics

Aging Celf (2012) 11, ppb694-703 Doi: 10.11114.1474-9726.2012.00835.%
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Epigenetic variation during the adult lifespan: cross-sectional

and longitudinal data on monozygotic twin pairs

Rudolf P. Talens,! Kaare Christensen,®™* Hein Putter,”
Gonneke Willemsen®, Lene Christiansen,>** Dennis
Kremer,! H. Eka D. Suchiman,’ P. Eline Slagboom,"”
Dorret . Boomsma® and Bastiaan T. Heijmans ™’

'Department of Molecular Epidemiology, Leiden University Medical Center,
Leiden, The Nethedands

The Danish Aging Research Center and The Danish Twin Registry,
University of Southern Denmark, Odense C, Denmark

IDepartment of Clinical Genetics, Odense University Hospital, Odense C,
Denmark

“Department of Clinical Biochemistry and Phammacology, Odense University
Hospital, Odense C, Denmark

*Department of Medical Statistics and Bioinformatics, Leiden University
Medical Center, Leiden, The Metherlands

SDepartment of Biclgical Psychology, VU University Amsterdam,
Amsterdam, The Netherlands

Netherlands Consortium for Healthy Ageing, Leiden, The Netherlands

Introduction

The risk of most common diseases increases with age. A lifetime of accu-
mulated epigenetic changes was proposed to contribute to the develop-
ment of such diseases (Bjornsson et al,, 2004). Epigenetic mechanisms
determine the expression potential of genes without changing the DNA
sequence (Jaenisch &Bird, 2003). The molecular basis indudesthe methyl-
ation of cytesinesin C pG dinudleotides, which, together with histone mod-
ifications, noncoding RNAs, and localization, influence the accessibility of
a genomic locus to the transcriptional machinery (Bernstein et al, 2007,
Cedar & Bergman, 2009). DN A methylation can be measuredon DMNA sam-
ples that are commonly available in bichanks(Talenset al, 2010).

Various studies have investigated whether DNA methylation can
change with increasing calendar age. A crosssectional study of mited
sample size reported the genome-wide absence of changes in mean DNA
methylation between young (26 years) and old (68 years) individuals



Twins, the epigenetic clock and survival
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X inactivation patterns in female monozygotic twins aged 73 to 93 years.
Percentage of inactivation of an X chromosome (percentage of smaller allele)
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MZ discordant
— SNPs, CNV, epigenetics, omics

Kondo et al, Nat Genet, 2002



Controlling for familial factors

Child SES >  Adult SES
Genes
\ Adult %

health




Danish twin findings

An attenuation of the SES association in the
intrapair analyses (in particular for M2)

* Mortality

* Self-reported health measures

e Cardiovascular disease

* Breast cancer

* Prescription medicine

Suggest that the causal health effect of SES
may be overstated in regular cohort studies in Denmark

Osler et al., 2007; Madsen et al. 2010, 2011a, 2011b;



Methodological challenges

* Power and lack of precision

* Equal environment assumption
* Social interaction

* Measurement error

* Bigger impact of non-shared confounders
Frisell et al, Epidemiology, 2012

 Twins are different



Fetal origin

Twins 1 kg lighter at birth
+

Older parents (DZ)
+

Assisted reproduction technologies
et

2-5 times higher infant mortality
ot



Key Question

How important is early life
for later life health and
functioning?




Fetal programming
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Educational achievement
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Known type-2 diabetes cases
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Cumulative risks of CVD, cancer and death in
49,000 Swedﬂish twins and 35,000 siblings

International Journal of
Epidemiology

Published by Oxford University Press on behalf of
the International Epidemiological Association ©
The Author 2012; all rights reserved.
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155 extremely birth weight discordant MZ
twin pairs (age 30-74 years, median 58 years)

Median birth weight difference 0.5kg ~ 25%

Frost et al., Diabetologia, 2012



155 extremely birth weight discordant MZ
twin pairs (age 30-74 years, median 58 years)

Median birth weight difference 0.5kg ~ 25%

Low birth weight twins NOT disadvantaged in

2-h oral glucose tolerance test with sampling of

p-glucose, insulin, C-peptide, GIP and GPL-1

Homeostasis models for

beta-cell function (HOMA-B), insulin resistance (HOMA-IR),
insulin sensitivity index (BIGTT-Si), and acute insulin response

(BIGTT-AIR)

Frost et al., Diabetologia, 2012



Twins, worms and life course epidemiology

Science
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Christensen & McGue, Int J Epidemiol, 2012
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