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ABSTRACT 

MITOCHONDRIAL GENETIC EPIDEMIOLOGY OF LIFESPAN IN A POPULATION 
ISOLATE 

By 

Joseph Donald Bonner 

Mitochondria play a crucial role in cellular processes.   They are where oxidative 

phosphorylation (OXPHOS) occurs. OXPHOS produces ATP which powers most 

cellular functions.  Mitochondria are also regulators of other cellular processes such as 

apoptosis, cell cycle regulation, calcium signaling and neuronal synaptic transmission. 

They contain the only extra-nuclear DNA in eukaryotes. Mitochondrial DNA (mtDNA) 

encodes crucial components required for OXPHOS. Reactive oxygen species (ROS) 

are a natural byproduct of OXPHOS. In healthy states, ROS production facilitates 

mitochondrial cell signaling.  ROS levels are kept in homeostasis by naturally occurring 

anti-oxidants. When dysregulated, ROS can cause mutations in mtDNA ultimately 

thereby decreasing ATP production capacity.   

Aging in humans manifests as a gradual decline in cellular functioning, leading to 

loss of tissue function and eventual death.  The rate at which humans age and 

eventually die, is a complex interplay between genes and environment.  Mitochondria 

are closely related to cellular function and their decline mirrors the aging process. These 

observations suggest that mitochondrial dysfunction might play a role in the aging 

process. 

Human mtDNA is exclusively transmitted from mother to child with no possibility 

for paternal recombination.  Certain patterns of mtDNA haplotypes cluster in geographic 



    
 

regions.  Observing these geographic differences has allowed researchers to put 

groups of mtDNA haplotypes into phylogenic trees that mirror human migration patterns.  

Epidemiologic studies have sought to associate disease patterns with mtDNA haplotype 

groups.  Some studies of longevity have found that carriers of certain mtDNA haplotype 

groups are more common among aged cases than younger controls. However, these 

studies leave many questions unsettled. Prior studies do not account for nuclear genetic 

factors, have not achieved sufficient statistical power, have been unable to account for 

changes in age-at-death that have occurred over time and have not use time-to-event 

analysis. 

This dissertation examines that hypothesis that mtDNA Haplogroup J carriers live 

longer than carriers of other haplogroups.   This work focuses on a newly-identified 

population isolate in Mid-Michigan with a well-documented pedigree. It is within this 

pedigree that we propose to test the Haplogroup J and longevity or lifespan association.   
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Within hours of meeting my bride-to-be in 1989, I apologized for just having a 
bachelor’s degree. With this dissertation, I fix that short-coming.   Soon after we met, we 
started genealogy as a hobby.  She encouraged me to pursue this degree and the 
master’s degree before it. She stood by me during emotional angst with deadlines and 
contradictory feedback from reviewers, tricky financial times and several major job 
changes.   

My father worked many years at a factory.  He had several friends and a brother-
in-law relocate with their families for ministerial studies. When I was young, he studied 
Theology via correspondence.  I watched him prepare and review flashcards to study 
for exams and stay up late to do homework. 

During  these past five years, my precious children watched me prepare and 
review flashcards to study for exams and rising early to do homework. They observed 
me peeking around mountains of photocopied journal articles to catch glimpses of 
basketball practices.  They watched me typing on a laptop analyzing data and writing 
these chapters; sometimes while in the car at soccer or football practice; sometime in 
school cafeterias or hallways or libraries; sometimes trying to ignore the television just 
to be in the same room with them. They watched me pipette, weigh, measure, prepare 
gels and clean up in the laboratory; sometimes helping.  They reviewed colorful 
chromatographs of their own mitochondrial DNA. I hope they learned study habits and 
life-planning lessons from me who learned them from my father.  I hope they share 
these skills with their children.  I hope they plan their academics differently than my 
father and I.  

To my bride and fellow genealogist Tracie, my father Thomas Henry II, my 
observant children Thomas Robert (Toby) and Roza, I dedicate this work. 
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CHAPTER 1: INTRODUCTION 

1.1 Heritability of Longevity  

In 1891, Oliver Wendell Holmes suggested that to live a long life one should 

choose one’s parents well [1].  He followed that “Especially let (your) mother come from 

a race in which octogenarians and nonagenarians are very common.”  In 1899 and 

1901, Beeton et al presented genealogical evidence to bolster Holmes’ observation [2, 

3].  Using genealogical databases, they showed that parent’s ages at death correlated 

positively with children’s age at death. Jalavisto (also using genealogic data) suggested 

that the mother-offspring correlates were significantly higher than the father-offspring. 

[4]. Table 1-1 presents the genealogic evidence to quantify Holmes’ observation.  

Heritability estimates for age at death differ considerably, however mother-offspring 

estimates trend higher than father-offspring estimates. [2-4]  

Table 1-1. Heritability of longevity 

Citation 
Father-
Son 

Father-
Daughter 

Mother-
Son 

Mother-
Daughter Population 

Jalavisto  [4] 0.12 0.04 0.16 0.20 
Finnish and  
Swedish Nobility 

Korpelianen  [5] 0.48 0.44 0.84 0.66 

Japanese 
Imperial 
Genealogy 

Mayer [6] 0.1-0.3 0.12-0.21 0.1-0.32 0.17-0.33 

North 
American/New 
England  

 

These studies support a stronger maternal heritability of longevity than paternal.  

Among the many biologic contributions from parents to children, mothers give more.  

Fathers contribute only half a genome; but mothers give half a genome and the 
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cytoplasm within the ovum.  The ovum cytoplasm contains the initial pool of 

mitochondria that will eventually populate every cell and power cellular processes 

throughout the life of the child.  The background of maternal heritability of longevity in 

the setting of mitochondrial inheritance offers the context of the work herein presented. 

1.2 Mitochondria 

Mitochondria are cellular organelles that contain the energy producing machinery 

needed for tissue function.   Thus they play a key role in energy production by 

synthesizing ATP along the electron transport chain (ETC).    They are also the foci of 

apoptosis initiation. They buffer calcium and they regulate the cell cycle. [7-10] 

1.3 Electron Transport Chain 

The electron transport chain (ETC) is a series of enzymatic reactions that 

transform the potential energy of consumed calories into chemical energy for cellular 

work.  ETC occurs within the mitochondrial inner membrane (MIM).  Electrons move 

from a high to low reduction potential state through electron carriers in the chain. Their 

movement enables ETC complexes to translocate protons from the matrix into the inter-

mitochondrial space thereby driving production of a proton gradient.  The chemiosmotic 

pressure of the gradient drives the production of adenosine triphosphate (ATP), the 

chemical energy form used for cellular biologic processes.  [11] 

In humans most consumed calories are digested into glucose, amino acids and 

fatty acids. These molecules circulate through the blood stream and are imported into 

most cell types.  Inside the cytosol, glycolysis culminates with two pyruvate molecules 

formed from each glucose molecule.  Through dedicated shuttle systems, pyruvate, 
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amino acids and fatty acids are imported into mitochondrial via the inter-membrane 

space and into the matrix.  Pyruvate dehydrogenase and the Krebs cycle, occurring 

inside the matrix, oxidize pyruvate to produce NADH.  One step of the Krebs cycle 

oxidizes succinate into fumarate producing FADH2.  Also inside the matrix, fatty acids 

are oxidized into Acetyl-Coenzyme A (Acetyl-CoA) which joins the Krebs cycle.  The 

products of the Krebs cycle (NADH and FADH2) are the high-energy final products of 

consumed calories, carriers of the reducing equivalents (electrons and hydrogen 

atoms).  The ETC transforms the energy from NADH, FADH2 into ATP for cellular 

utilization. [11] 

The ETC consists of electron donors (NADH, FADH2), electron acceptors 

(Complex I, Complex II, Complex III, and Complex IV), electron carriers (Ubiquinone 

and Cytochrome C) and an ATP production complex (Complex V). The ETC 

enzymatically transforms the potential energy of consumed calories into chemical 

energy, heat, water and sometimes reactive oxygen species. [11]  

1.3.1 Reactive Oxygen Species  

When oxygen is partially reduced, a superoxide anion is formed.  Anti-oxidant 

molecules and enzymes like manganese superoxide dismutase catalyze conversion of 

superoxide anions into hydrogen peroxide.   Hydrogen peroxide can be further reduced 

to water or into the hydroxyl radical.  The hydroxyl radical reacts with nitric oxide to form 

peroxynitrite.  Both the hydroxyl radical and peroxynitrite readily and indiscriminately 

react with nucleic acids, lipids, or proteins.  [11] [12]  
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Along the electron transport chain, electrons that build up on certain redox 

centers—particularly ubiquinol—can react with molecular oxygen, forming superoxide 

anions. This reaction is most likely to occur in periods of high electron-donor molecule 

availability, low activity of Complex IV, or high oxygen pressure.  The mitochondrial 

proteins, the membranes, and the nucleic acid of the mitochondrial nucleoid can be 

targets of the reactive oxygen species (ROS) damage. [11] [12]  

The full molecular integrity of the ETC complexes requires transcription and 

translation of mitochondrial DNA (mtDNA) located inside the matrix.  Since reactive 

oxygen species have an affinity for nucleic acids, mtDNA is vulnerable to oxidative 

damage.  When mtDNA is damaged, ETC complex subunits cannot be produced with 

fidelity or at all.   When the ETC complexes are compromised, reactive oxygen species 

production increases, damage accelerates, mitochondrial bioenergy production capacity 

is decreased. [11] 

1.4 Mitochondrial DNA  

In 1962, Nass and Nass discovered that mitochondria present the only extra-

nuclear source of DNA inside eukaryote cells.[13]  mtDNA is a circular, double-stranded 

molecule of 16,569 nucleotide positions. [14]    It can be visualized as a clock with 

nucleotide zero at noon and the bases numbered clockwise. mtDNA encodes 13 of the 

86 polypeptides of the ETC complexes and some RNA molecules .[8]  Positions 16024-

16569 and 1-576, collectively known as the D-loop, are the only non-coding regions of 

the mitochondrial genome [15]. Positions 16024-16524 are known as hyper-variable 

segment one (HVS1). Positions 1-576 are known as hyper-variable segment 2 (HVS2).  

These regions contain expression and replication regulatory elements. Without active 
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coding, the D-loop region is thought to be neutral to selection pressures.[16-19]  In the 

early 1980s, Anderson et al. published the reference sequence of human mtDNA [14].  

The same group published a revision in 1999 known as the revised Cambridge 

Reference Sequence (rCRS).  [20] 

Collectively the five ETC complexes are made up of 86 polypeptides. Thirteen of 

these are encoded in mtDNA.  Complex I has the most significant mtDNA presence with 

7 of the 45 polypeptides encoded in the mitochondrial genome.  Complex II has no sub-

units encoded in mtDNA. (Table 1-2)  [11]   

Table 1-2. ETC Complex subunits and genome encoding 
ETC Complex Total Sub-units Mitochondrial Sub-units Nuclear sub-units 
Complex I 45 7 28 
Complex II 4 0 4 
Complex III 10 1 9 
Complex IV 13 3 10 
Complex V 13 2 11 

 

1.4.1 Mitochondrial DNA Expression and Replication 

Within the D-loop are key sites that initiate, promote, and enhance mtDNA 

expression. Expression begins at transcription initiation sites.  Promoters lie upstream 

from each initiation site. Farther upstream from each promoter lie strand-specific 

enhancer elements.  The enhancer elements are the binding sites for mitochondrial 

transcription factor A (TFAM).  [21]  TFAM binds to the respective promoters and 

recruits mtRNA polymerase to initiate the mtDNA expression apparatus.  [22-25] 

The rate-limiting steps of mtDNA replication are currently unknown.  However, it 

is known that mtDNA replication is independent of the cell cycle [26], and is correlated 
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with levels of the nuclear-encoded TFAM [27]. Mouse TFAM heterozygous knock-out 

models show mtDNA depletion phenotype and cardiac-respiratory deficiency.[28]  

Homozygous TFAM knock-out mice are embryonically lethal, demonstrating the critical 

function for TFAM in mtDNA replication [28-30] 

The TFAM protein plays a pivotal role in the organization, replication, and 

expression of mtDNA. [22] It binds to the mtDNA molecule at four positions within the D-

loop (heavy-strand promoter [mt-TFH], light-strand promoter [mt-TFL], TFAM binding 

site X [mt-TFX, positions 233-260], TFAM binding site Y [mt-TFY positions 276-

303]).[23], 

1.4.2 Nucleoid Organization 

mtDNA is organized into nucleoids containing 5-7 mtDNA copies of the molecule, 

the minimal replisome components, TFAM, and other proteins [31]. Nucleoids have a 

layered structure with inner and outer zones.  The inner zone is the locus of mtDNA 

replication [26].  The outer zone is the locus of mtDNA expression [26]. The 

mitochondrial nucleoid is considered to be the unit of inheritance, rather than a single 

mtDNA molecule [32]. Within the nucleoid, the ratio of TFAM to mtDNA is 1000:1 with 

TFAM blanketing mtDNA for some measure of histone-like protection.  [22, 23, 33] 

1.4.3 Mitochondrial Haplogroups  

mtDNA is maternally inherited and thus does not recombine [34].  mtDNA 

mutates ten times faster than nuclear DNA.[35]  These two properties make the 

molecule well suited to phylogenic analysis of mtDNA sequences between and within 

populations. In 1992, Torroni et al. found four distinct groups of mtDNA  haplotypes from 
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a population of Native Americans, which  they christened Haplogroups A, B, C and D 

[36].  Since then, other haplogroups have been discovered.   It is now commonly 

accepted that mtDNA from human population groups can be classified into haplogroups 

using an alphabetical naming convention from A –Z  [36, 37] in order of publication [38].   

mtDNA haplogroups are determined by nucleotide sequence differences in the 

coding region [20].  Haplogroups of European populations can be deduced by 

sequencing seven SNPs of the coding region (mt11719A/G, mt7028T/C, mt12308A/G, 

mt10398A/G, mt15607A/G, mg12612A/G, mg1715C/T)  [39].  Most haplotype grouping 

SNPs in the coding region are in disequlibrium with SNPs in HVS-I or HVS-2.  

Therefore, to infer the haplogroups when ancestry is unknown, one can sequence the 

full region of HSV-I and HSV-II, compare to a reference sequence and score based on 

common algorithms  [18].  There are several haplogroup-scoring algorithms available. 

One relies on genotypes of coding region SNPs (MTDNAManager) [15], and another 

uses SNPs from coding and non-coding regions to produce a probability (HaploGrep) 

[40].  Haplogrouping efforts choose a deductive method when a subject’s or 

population’s ancestry is known, or an inductive/discovery method when ancestry is 

unknown. 

1.4.5 Haplogroups in Genealogy 

Archaeological evidence suggests that humans migrated out of Africa within the 

past 200k years [10]. Phylogenic trees of mtDNA haplogroups retrace human migration 

across time and geographic space.  The African Haplogroup L is the trunk from which 

all other lines radiate.  Haplogroup L gave rise to the branching macro Haplogroups M 
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and N.[38]  European populations stem from Haplogroup N and Asian populations 

separate from Haplogroup M.[10, 38]  

1.4.6 Mitochondrial Haplogroups and Biologic Variation 

A growing body of evidence suggests that haplogroups associate with biologic 

variation and health states. Total energy expenditure is the daily requirement for dietary 

calories to produce physiologic energy.  It measures the efficiency with which 

mitochondria convert calories to energy needs for respiration, brain/neural activity, and 

body heat. Tranah et al. reported in 2011 that total energy expenditures differ by macro 

haplogroups.  They reported that elderly individuals with African Haplogroup L require 

158 (7%) fewer daily calories than elderly individuals with European Haplogroup N [41].   

In 2009, Beckstead et al. reported that the single nucleotide polymorphism 

14766T>C is the principal difference between Haplogroup H and Haplogroup U.  This 

single change substitutes a threonine for an isoleucine at Position 3 in of Complex III 

subunit 8.  This changes make complex III within Haplogroup U more hydrophobic than 

the same complex within Haplogroup H.  Beckstead reported that in times of caloric 

deprivation, the hydrophilic Haplogroup H confers a survival benefit over Haplogroup U.  

However, outside of times of caloric deprivation, the difference is unappreciated [42].  

This group used a genealogical database like by Korpelianen [5], Jalavisto, [4]and 

Mayer [6]. Using genealogical records allows a test of survival benefit over time with the 

potential of large sample sizes.   

Five of the six European haplogroup defining SNPs present synonymous 

mutations. The sixth is a non-synonymous mutation that lacks evolutionary 

conservation.[39]  Since the variation is synonymous and lacks evolutionary 
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conservation, none of the differences have biologic consequence as measured in the 

coding region. Any biologic consequence to European haplogroup variation would need 

to come from non-coding region variation.  

In 2009, Suissa et al. reported that the functional genetic difference between 

European Haplogroups H and J is the 295C>T SNP.   This D-loop SNP is within the mt-

TFY binding site.  The change from a cytosine in Haplogroup H to the thymine in 

Haplogroup J strengthens TFAM binding in the nucleoid. To test the biological 

significance of this SNP, they injected human mitochondria from Haplogroups J and H 

into rho-zero (mitochondria-free) HeLa.  The cultured cells showed significant 

differences in both TFAM binding affinity and mtDNA copy number.  Suissa et al. 

reported that Haplogroup J cells have a greater mtDNA copy number than those of 

Haplogroup H. [43].  This greater copy number might delay the onset of mitochondrial 

dysregulation and sustain cellular functioning attributed to ROS damage and thereby 

postpone the aging process [43]. 

1.4.7 Mitochondrial Haplogroups and Longevity  

In 1998, Tanaka et al reported mtDNA SNP 150C>T to be more frequent in a 

group of Japanese centenarian cases than in a group of younger controls [44].  mtDNA 

150T is a signature SNP of Asian Haplogroup D.   Extending the SNP evidence into 

haplogroups, De Benedictis et al. studied haplogroup frequency differences in Italian 

centenarians and younger controls. They showed that among males from Northern Italy, 

Haplogroup J is more frequent among centenarian cases than in younger male controls 

evidenced by a stratum specific odds ratio of 15 (CI95%1.7-132). The association was 

absent in males from southern Italy, or in females from either region.  [45].  This high 
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odds ratio fueled other investigations of haplogroup frequency differences in older 

individuals vs. younger controls most of which did not replicate the initial findings.  [39, 

46-52].   

1.5 Summary 

The maternal heritability of longevity is well documented in genealogies in the 

nineteenth and twentieth century using pedigree data. It is commonly accepted that if a 

mother lives long, her children will live long.  Since mothers alone pass down 

mitochondrial DNA, their genetic material is identical in all maternal relatives. 

Mitochondrial DNA clusters into haplogroups, giving a trace of ancient genealogy to 

contemporary individuals. In-vivo evidence suggests that the mitochondrial DNA of 

Haplogroup J might have greater protective properties in its increased TFAM binding 

within the nucleoid. TFAM is involved in both mtDNA expression and replication. Since 

the mtDNA D-Loop contains TFAM binding sites and haplogroup-defining SNPs, I 

hypothesize that SNP variation in this region can affect longevity through a pathway 

involving a protective effect of TFAM.  The strengthened TFAM binding motif of 

Haplogroup J lends biologic plausibility to the hypothesis that haplogroup J confers a 

benefit of longevity. Several studies have investigated the Haplogroup J/longevity 

association in various populations.  However no study has placed the longevity question 

in the context of pedigree data or “pedigree space” like the original studies of maternal 

heritability of longevity.  Placing the association in “pedigree-space” 1) creates minimal 

control of nuclear genetic factors shared with most relatives 2) has the potential to 

generate a larger sample size 3) study changes over a time 4) use age at death as a 

metric for time-to-event analysis.  I hypothesize that deceased relatives of current-living 
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individuals who carried Haplogroup J, lived longer than carriers of other haplogroups.  

Placing the question in pedigree space is the singular emphasis of this dissertation. 
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2.1 Abstract 

Previous studies have identified a cluster of individuals with an autosomal 

recessive form of deafness residing in a small region of mid-Michigan.  We 

hypothesized that affected members from this community descend from a defined 

founder population.  Using public records and personal interviews, we constructed a 

genealogical database that includes the affected individuals and their extended families, 

and identified them as descendants of 461 settlers most of whom emigrated from the 

Eifel region of Germany between 1836 and 1875.  The genealogical database 

represents a 13-generation pedigree that includes 27,747 descendants of these settlers.  

Among these descendants, 13,784 are presumed living.  Many of the extant 

descendants reside in a 90-square-mile area and 52% were born to parents who share 

at least one common ancestor.  Among those born to related parents, the median 

kinship coefficient is 3.7*10-3.  While the pedigree contains 2,510 founders, 344 of the 

461 original settlers accounted for 67% of the genome in the extant population.  These 

data suggest that we identified a new population isolate in North America and, as 

demonstrated for congenital hearing loss, this rural mid-Michigan community is a new 

resource to discover heritable factors that contribute to common health-related 

conditions. 

2.2 Introduction 

Population isolates are not strictly defined.  Rather, they share a number of 

general characteristics such as a small founder population, rapid outgrowth, a history of 

isolation, an endogamous genealogy, environmental and phenotypic homogeneity, and 

the likelihood of genetically recessive health conditions [53].  Endogamy is the practice 
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of marriage between individuals of a common ethnic, social, or religious group. Within a 

few generations, most individuals of the endogamous group can be related to each 

other, often through multiple genealogical lines [53].  Repeated generations of 

endogamy increase the likelihood of homozygosity of recessive alleles [54].   This 

homozygosity might increase the risk of health-related conditions [55] and common 

diseases such as cardiac conditions [56-58] and some cancers [59, 60].  While 

relatedness of parents is noted as a risk factor for some common complex diseases, 

individuals within population isolates are at no greater risk for childhood mortality [61] 

and may also share positive health attributes such as longevity [62] and increased 

fertility [63]. 

The basic characteristics of population isolates make them important resources 

for biomedical research [53].  For example, isolated populations were instrumental in 

the discovery of genetic factors for early-onset Alzheimer’s disease [60, 64], 

Hirschsprung disease [65], hereditary non-polyposis colorectal cancer[66], 

schizophrenia [66, 67], Type II diabetes, [68] and hypertension [69].  These gene 

discoveries provided an immediate molecular diagnostic and screening benefit for the 

isolated population, and also benefited the broader population by advancing 

understanding of pathophysiological mechanisms and gene functions, and by 

accounting directly for some of the heritability of common diseases [70].  

Over the last two decades, researchers have successfully identified genetic 

factors that cause some rare familial diseases. They have also identified common 

genetic factors that contribute risk for common diseases in broader populations.  

However, despite these successes, most of the heritability in many common disorders 
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remains elusive [71].  One possible source of the missing heritability in common 

diseases is rare DNA variants of moderate-to-strong effect.  Because they are rare, 

such DNA variants are difficult to identify using strategies that rely on linkage 

disequilibrium or deep sequencing.   Approaches based on linkage disequilibrium have 

very low power to detect rare DNA variants, while approaches based on deep 

sequencing require a priori knowledge of pathophysiological mechanisms and gene 

functions [71]. 

In a population isolate, the frequency of a rare pathology-inducing DNA variant 

may be higher than in the general population, thereby increasing the likelihood of finding 

a significant association with a common disease. For example, in the Icelandic 

population, two DNA variants—one in TREM2 and one in APP—were found to be 

associated with late-onset Alzheimer’s disease [70, 72]. Both DNA variants were found 

at a lower frequency in North American and other European populations.  In fact, the 

frequency of the APP variant in North American and other European populations was 

too low to be tested for an association.  Thus, these discoveries exemplify how a 

research partnership with a population isolate can be used to identify low-frequency 

etiologic DNA variants. This example also highlights the potential general impact of 

gene discoveries in population isolates.  While both of these discoveries were highly 

significant because they provided insights into the etiology of Alzheimer’s disease, the 

TREM2 discovery had an additional immediate impact because the risk allele was found 

at a low, but significant, frequency in other populations worldwide. One way to maximize 

the impact of genetic discoveries from population isolates is to establish a research 

partnership with a population whose isolation was relatively recent.  Because the 
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isolation of such a population was recent, the etiologic variant would more likely be 

found in the broader population and account for disease risk there, too.  

North America is a challenging place to identify population isolates.  While such 

isolates exist, including the Hutterite communities [73], Old Order Amish communities 

[74], and residents of Tangier Island [75], the relatively short time since initial 

immigration, the high mobility of citizens, and the paucity of distant historical and 

genealogical records make the identification of new population isolates difficult.  In this 

paper, we present the history and genealogy of a community in mid-Michigan which 

demonstrates the features of a population isolate.  This community came to our 

attention because of numerous cases of inherited deafness within a small geographical 

region.  Genealogical analysis revealed a community of highly related individuals with a 

defined set of founders.  Our data suggest that we have identified a new North 

American population isolate of European descent. 

2.3 Materials and Methods 

2.3.1 IRB and informed consent 

All genealogical data for the community were collected as part of a study on 

congenital deafness [76-78].  That study was approved by the Michigan State University 

(MSU) Institutional Review Board (IRB) and two community-based committees.  The 

two committees (Research Advisory Committee and Research Ethics Committee) each 

have six to nine community members and approve all research protocols and scholarly 

products from within the community, including this manuscript. 
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2.3.2 Data sources and management 

The genealogical data were ascertained from multiple sources:  private family 

genealogical documents; a community history publication; genealogical websites that 

included the International Genealogy Index (IGI) from the Church of Jesus Christ of 

Latter Day Saints (LDS), the  searchmichigan.net  website, individual family websites; 

cemetery searches in the community; verbal family histories; local historians; microfiche 

of early Michigan records at the local LDS Family History Library; and marriage banns, 

birth, death, and anniversary announcements in the local newspaper.  Ancestry.com© 

served as a secondary source to verify data from other sources or to find ancillary dates 

of birth, immigration, or death.  Collection of genealogical data for a given individual 

ended when they married someone who is not descended from the settlers.  

The genealogical data were kept in a large spreadsheet file of multiple 

worksheets.  For the present analysis, the multiple worksheets were concatenated into 

a large text file of one row per unique individual. The concatenated file was used as 

input for extended family allocation and relatedness calculations.  Each row for an 

individual contained an identification number, sex, birth date, death date, and the names 

of parents and spouse(s).  

2.3.3 Pedigree structure and relatedness measurements 

We used PedHunter2.0 to allocate individuals into extended families, identify the 

presumed living (extant) population, and calculate measures of relatedness [79].  To 

allocate individuals to extended families, we wrote a Perl script to iteratively use 

individual identification numbers (ordered by birth year) as input to the “all_relatives” 
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query in PedHunter2.0.  This query returns a list of all individuals connected to the input 

individual through parents, spouses, or offspring.  The Perl script accepted the output 

list of relatives from “all_relatives” and assigned the input individual identification 

number as the extended family identification number.   

Founders are individuals who start the genealogic lines because they lack 

parental names in a pedigree database.  Some historic community settlers are pedigree 

founders.  However, the genealogical database contains ancestors of some settlers, 

thereby creating a distinction between settlers and founders. Founders who contributed 

only one child to the pedigree were not relevant to this study and were trimmed from the 

list of founders.  We used the “trim_pedigree” utility of PedHunter2.0 to purge all non-

relevant founders.  Pedigree trimming logic was performed iteratively until no further 

genetically irrelevant individuals were identified.   

Kinship coefficients represent the probability of an allele being shared by an 

ancestor common to both parents.  PedHunter2.0 uses the algorithm of Weir [80, 81] to 

calculate f-values as a kinship coefficient.  We queried the database to produce a list of 

all mother-father combinations.  We used this list as input to the “kinship” complex 

query.  We used the output from “kinship” to assign to each child the kinship coefficient 

(f-value) of their parents.    

Relative Founder Representation (RFR) or “r-value” is 2 times the kinship 

coefficient (f-value), and represents the proportion of a genome that is contributed by a 

specific ancestor.  For example, an individual has an f-value of 0.125 with their 

grandparents.  Conversely each grandparent contributes 25% of the genomes of their 
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grandchildren; therefore the r-value between grandparent and grandchild is 0.25.  We 

generated the r-statistics for each relevant founder and their living descendants using 

the “calculate_r” and “average_r” complex queries of PedHunter2.0. 

2.3.4 Plat map 

We obtained plat maps of property ownership in 1999 from the respective county 

governments.  We scaled the maps to a common unit, and highlighted the plots owned 

by individuals who have a surname in common with the settlers.  

2.4 Results 

2.4.1 Historical context 

In 1997, we were consulted about the case of a three-year-old child with 

congenital hearing loss.  The team met with the extended family and received a copy of 

the child’s pedigree going back six generations.  The audiologist observed that the 

surname of an ancestor was the same as the surname of a child who was being 

counseled for post-cochlear implant speech therapy.  With parental permission, this 

case joined the research study.  A genealogist from the community took exhaustive 

family histories and established a genealogical link between the two families.  In total, 

15 cases of autosomal recessive deafness were identified in the community and linked 

within the pedigree.  Genetic analyses of this extended pedigree showed that 11 cases 

were homozygous for the 35delG mutation of GJB2, and four cases were compound 

heterozygous for 35delG and a novel deletion located upstream of GJB2 [76-78]. 

Further genealogical analyses revealed that a preponderance of the community 

descended from a group of settlers whose initial arrival antedates Michigan statehood in 
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1837.  In 1836, six individuals, including a Roman Catholic priest, emigrated from the 

Eifel region of Germany to mid-Michigan.  These settlers cleared land, built 

homesteads, and established a parish church and school.  Between 1836 and 1875, 

456 settlers followed.  Most settlers were other family members and acquaintances from 

Germany and were in their third or fourth decade of life.  The demographics of the 

settlers were 46% female and 54% male and 350 were married to other settlers at the 

time of immigration.  There were 288 distinct surnames among the 461 settlers. The 

most common surname was shared by 28 (6%) settlers.   

Many of the living descendants of the settlers reside within a 90-square-mile 

region.  This region contains three villages.  Much of the land surrounding the villages is 

owned by individuals whose surnames are the same as those of the settlers (Figure 2-

1).   

Figure 2-1.  Plat map of partner community.  Blue squares indicate the location of the 
three villages and magenta squares indicate property owned by an individual whose 
surname is the same as one of the original settlers.  For interpretation of the 
references to color in this and all other figures, the reader is referred to the electronic 
version of this dissertation. 
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Although the community is not isolated geographically, the German Catholic 

settlers remained isolated by language and religion from their predominantly English-

speaking, non-Catholic neighbors.  For example, classes were taught in both German 

and English in the early years of the settlement.  In addition, the school in the primary 

settlement was exclusively parochial until 1956, and the Catholic churches in each 

village remain a central social institution supporting the close-knit nature of the 

population [82] (Goris and Schutte, submitted manuscript).   

2.4.2 Genealogical database 

The primary sources of the genealogical database were family history 

publications, accounting for about 40% of the primary records.  Internet searches and 

newspaper publications contributed another 30% and 12% of the records, respectively.  

The remaining sources (local history publications, cemetery searches, verbal family 

histories, local historians, early Michigan records, and parish marriage banns) each 

contributed 5% or less of the records.  As of October 1, 2009, the genealogical 

database contained 28,256 ancestors or descendants of the original settlers.  The birth 

decades of these individuals ranged from 1650 to 2000 (Figure 2-2).  The number of 

births in the genealogical database rises rapidly in the early 1800s and corresponds 

with the birth decades of the original settlers (Figure 2-2).  During the 20th century, the 

birth rates in the genealogical database precisely parallel the changes in the broader 

US population, with a sharp decrease in 1930s, a sharp increase in the 1950s and a 

sharp decrease in the 1960s.  These data suggest that this community is strongly 
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integrated into the broader society both economically and culturally.  The precipitous 

drop in the number of births after 1970 reflects missing data. 

Figure 2-2.  Numbers of community members, settlers and founders by birth decade.  
The Settler community experienced rapid growth from the time of the original settlement 
in 1836 to present (solid line).  The apparent decline reflects the end of data collection.  
The original 254 settlers were born between 1780 and 1860 (dashed line).  As 
expected, the birth decade of the founders (dotted line) tracks about two decades 
behind the birth decade for the total number of members in the community. 

 

2.4.3 Pedigree analysis 

The family allocation logic assembled all individuals from this genealogical 

database into 310 extended families.  One of the extended families included 27,747 

(98%) individuals, spanning 13 generations.  The extended family within the database 

contained 2,754 founders.  We defined founders as individuals who lacked parental 
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rapid rise in the number of founders at the beginning of the 19th century (Figure 2-2).  As 

expected, the birth decade of these early founders coincided with the birth decade for 

the settlers.  In fact, the 461 settlers accounted for 344 of the founders in the pedigree.  

From 1850 to 1910, the rate of new founders declined or was steady (Figure 2-2).  

However, since the number of births increased during this same period, these data 

suggest a period of high endogamous growth.  The rate of new founders increased after 

1920, suggesting an increased rate of exogamous marriages. Like the decline in the 

total number of births, the decline in the number of founders after the 1970s reflects 

incompleteness of the genealogical data. 

There are 14,756 (53%) individuals in the extended family who were born after 

1930. Of these, 972 (3%) have a recorded death date.  Thus, the genealogic database 

contains 13,784 living descendants of the 461 settlers, with equal numbers of males 

and females.  Of the 461 settlers, 389 (84%) have living descendants among the 

presumed living population.  One settler couple has more than 8,000 living 

descendants.  

The extant descendants carry 963 surnames, 116 of which are shared with the 

settlers. The shared surnames are used by 70% (9,531/13,784) of the extant 

descendants.  One surname is shared by 8% (1,047/13,784) of the living descendants. 

2.4.4 Measures of relatedness 

We measured relatedness in two ways: 1) the frequency of children born to 

parents who share at least one common ancestor, and 2) the median f-value (kinship 

coefficient) between all children born to related parents.  For a closed population, both 
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of these values should increase with time, and following completion of the immigration 

phase, all children should be born to related parents.  In this population we observed 

that the frequency of related parents peaked at 68% in 1970 and, after an initial modest 

rise, the kinship coefficient decreased (Figure 2-3). Again, these data suggest that while 

the community was isolated, it was not closed. However, the median f-value (kinship 

coefficient) was 3.7*10-3 (range 2.0*10-6 – 3.4 *10-2), demonstrating the presence of 

measurable amounts of homozygosity within the extant population.  

Figure 2-3.  Relatedness of Settler community by birth decade.  Proportion of couples 
who have a common ancestor (solid line) and average F value (dashed line) by birth 
decade of the female in each couple. 

 
 

The extant genome represents the genetic contributions of the full set of 

founders.  To estimate a settler’s contribution to the extant genome, we calculated the 

relative founder representation (RFR) for all founders.  One founder, born in 1811, 

contributed 1% of the extant genome.  The settlers collectively contributed 67% of the 

extant genome (Figure 2-4).  In comparison, the Old Order Amish population (a closed 

community) [79] has fewer founders and thus each has a greater contribution to the 

extant genome.  (Figure 2-5).    
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Figure 2-4.  Cumulative mean relative founder representation (RFR) of 13,874 living 
descended from 2500 founders (461 settlers) in the genealogical database.  The RFR 
curve is organized from the founder with the highest to lowest representation in living 
members.  The indicated points are compared with the cumulative RFR between the 
Settler (closed circles) and the Old Order Amish databases (open circles; data from Lee 
et al., 2010). 

 
 
 

Figure 2-5.  Relative founder representation (RFR) and number of founders by birth 
decade.  The genomes of the 254 settlers born in the 1780s to the 1860s represent 
62% of the genome of all living members of the community.  The founders born since 
1870 represent 17%; founders born before 1780 contribute 21%. 

 
 
2.5 Discussion 

The purpose of this study was to consider whether a community in mid-Michigan 

settled by a few immigrants in 1836 constitutes a new North American population 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

0

0.02

0.04

0.06

0.08

0.1

0.12

16
50

16
60

16
70

16
80

16
90

17
00

17
10

17
20

17
30

17
40

17
50

17
60

17
70

17
80

17
90

18
00

18
10

18
20

18
30

18
40

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

19
30

19
40

19
50

19
60

19
70

19
80

1 Founder: 0.7% (7.0%) 

Founders at 50% 

Founders at 95% 

Founders at 100% 

16 

128 
554 

186 

1855  2500 

Settler 
Old Order 
Amish 



 

26 
 

isolate.  While there is no strict definition for a population isolate, we can compare the 

characteristics of this community with three known population isolates of European 

descent in North America:  the Old Order Amish, the Hutterites of South Dakota, and 

Tangier Island (Table 2-1). 

Table 2-1.  Characteristics of population isolates of North America of European 
descent. 
 German-Catholic Old Order 

Amish 
Hutterite 
(South 
Dakota) 

Tangier Island 

Date of origin 1836 1757  Early 1700s 1722 
Founders 2510 554 64 104 
Contemporary 
cohort 

~14,000 295,095 722 ~200 

Isolation Language/Religion Religion Religion Geographic 
Endogamy 42%    
Mean F-value 0.0037 0.015 0.034 0.018 
Homogeneity 90 sq mile region  Communal 

lifestyle 
 

Recessive 
traits 

Congenital 
hearing loss 

  Tangier 
disease 

References  [83] [73] [75] 
 

The origin of the isolated community was well-documented, beginning with 461 

settlers who emigrated primarily from the Eifel region of Germany. In comparison, the 

Old Order Amish, Hutterites, and Tangier Island populations settled in North America a 

century earlier, indicating a more recent isolation in our subject community.  The Old 

Order Amish and Hutterite communities are closed, while the present community is only 

isolated with 52% of the extant members born to parents that have a common ancestor.  

Additionally, the median kinship coefficient value for the community (f = 3.7*10-3) 

indicates that the related individuals share a common ancestor within the past six to 

seven generations. This value is much lower than other North American isolates, yet 
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considerably higher than the broader population estimates of 99 generations [84] and is 

consistent with a population isolate.   

The pedigree database at the core of this work was assembled by community 

members and the authors, with the goal of elucidating the biological relationships 

among the descendants of the settlers. Thus, the founders’ descendants were tracked 

until an individual married someone who was not a descendant of the settlers.  While 

this focus would tend to increase the proportion of individuals born to related parents, 

the focus does not inflate the degree of relatedness between parents. 

Another characteristic of a population isolate is the occurrence of recessive 

disorders.  We previously identified a number of cases of autosomal recessive deafness 

in the community [76] caused by homozygosity or compound heterozygosity for GJB2 

mutations.  We discovered a novel mutant allele that bears a deletion of distant GJB2-

regulatory sequence [25, 26]. This allele was found in compound heterozygosity with a 

common mutation of GJB2 in four deaf individuals in separate sibships.  These four 

individuals, and the other deletion carriers in our study population, share a set of four 

common ancestors born in Germany between 1702 and 1723, suggesting its presence 

among German descendants of these four individuals.  However, this allele has not 

been found in other populations [78]  and is likely to be rare.  Although this rare 

mutation has not itself contributed to diagnostic yield in genetic testing for hearing loss 

outside of Michigan, it has provided strong evidence for the location of critical GJB2-

regulatory elements.   
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Lastly, isolated populations share a relatively homogenous environment.  

Although this study did not directly study the environment of our partner community, the 

plat map provides a very broad overview.  Both the rural setting and the close proximity 

in which descendants of the settlers currently reside are consistent with a shared and 

homogenous environment [85].  

In summary, although the extent of isolation is somewhat lower than in other 

well-characterized North American isolates, the historical, genealogical, and 

geographical data are consistent with the conclusion that the community herein 

presented represents a newly identified North American population isolate. 

2.6 Perspectives 

We believe that we describe a newly identified population isolate.  Importantly, 

the community in which the descendants reside has demonstrated an ongoing 

willingness to participate in biomedical research projects, which were focused initially on 

the genetic causes of congenital deafness.  A community health-needs assessment and 

some early environmental descriptions are underway to guide an expanded research 

focus to examine the genetic and environmental causes of common complex diseases.  

The interests and priorities of the community will set the directives.  We hypothesize 

that these processes, coupled with the unique community characteristics, provide a 

powerful tool to aid in searching for the missing heritability in common complex 

diseases.   
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CHAPTER 3: A META ANALYSIS OF MITOCHONDRIAL DNA HAPLOGROUP J AND 

LONGEVITY 

3.1 Abstract 

Epidemiologic studies of mitochondrial DNA haplogroups and longevity show 

mixed results. These studies require large sample sizes because they define population 

strata within a study cohort. To approach a large sample size, we performed a meta-

analysis of the studies presenting mitochondrial DNA haplogroup frequency differences 

in longevious cases and younger controls. With the pooled measure, we can assess an 

overall effect size and estimate statistical power within the background haplogroup 

frequencies and understand the study-level differences contributing to the mixed results. 

We followed the well-established meta-analysis steps of literature discovery, 

citation inclusion, data abstraction, study exclusion and meta-analysis, sensitivity 

analysis, inter-study heterogeneity assessment, and statistical power estimation.  

We found nine studies that present Haplogroup J carrier frequency differences 

between longevious cases and younger controls. The independent studies have 

considerable inconsistency in definitions of case, control definitions, genotyping 

methods, and haplogroup scoring. Studies inconsistently present male:female ratios of 

their populations. Pooling the independent studies yields 1,224 cases and 1,734 

controls. The Haplogroup J carrier rate was 128/1,224 (10.4%) among the longevious 

cases, and 146/1,734 (8.4%) among the younger controls for a pooled odds ratio of 

1.18 (CI95 0.8-1.76 p-value=0.408). The Cochran Q value of 14.424 (p-value = 0.044) 

indicates considerable inter-study effect size heterogeneity.  The studies of definably 
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European populations show a pooled Haplogroup J carrier rate in longevious cases of 

98/864 (11.3%) and 77/1,060 (7.3%) in the younger controls. The stratum-specific 

pooled odds ratio is 1.47 (CI95 1.052-2.056).  When stratified by European vs. Non-

European cohorts, the Cochran Q value indicates considerably less inter-study 

heterogeneity among the European (p=0.267) vs. the Non-European cohorts (p=0.098). 

In our pooled analysis of studies of proportionally represented European 

haplogroups, longevious cases are 1.47 times more likely to be Haplogroup J carriers 

than younger controls. Future studies in a population isolate with less environmental 

and genetic heterogeneity focusing on lifespan rather than longevity are required.  To 

achieve sufficient statistical power to confirm or refute an effect of 1.47 in a population 

that contains the nine European haplogroups requires more than 3,000 cases and as 

many appropriately chosen controls.  

3.2 Introduction  

Mitochondria power most cellular processes by generating adenosine-

triphosphate (ATP) through oxidative phosphorylation (OXPHOS) along the electron 

transport cycle (ETC).  Mitochondria have their own DNA that is semi-independent from 

that of the nucleus and which encodes 13 of the 86 polypeptides required for OXPHOS.  

As a byproduct of the ETC, reactive oxygen species (ROS) or free radicals can be 

generated. ROS are mutagenic to DNA.  The free-radical theory of aging suggests 

aging cells produce more ROS, thereby increasing the likelihood of mitochondrial DNA 

(mtDNA) mutations and leading to cellular dysfunction.  Conversely, minimized ROS 

production or tighter mtDNA nucleoid binding might promote a longer lifespan.  [9, 86]  
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Human mtDNA is a 16,569-base-pair circular molecule that has mostly coding 

nucleotides.  Positions 16,024-16,569 and 1-576 are non-coding and hold control 

regions that house the binding sites for the initiation of transcription and replication. 

Since there is little selection pressure on mutations in the control regions, these areas 

are highly variable between individuals and by cell-type within an individual. [9] 

Haplotypes of mtDNA polymorphisms can be clustered into haplogroups.  

Haplogroup names are given in alphabetical order based on their discovery in specific 

ancestral populations. Haplogroups correlate with the geographic origination of an 

individual’s most distant maternal relative. European populations carry haplogroups H, I, 

J, K, T U, V, W, and X; while A, B, C, D, E, F, and G indicate Asian ancestry. 

Haplogroup L is the predominant African haplogroup. [9, 52, 87-91]   mtDNA 

haplogroups can be organized into phylogenetic trees with the African Haplogroup L as 

a trunk, M and N as transitional branches from which the Asian and European groups 

stem, and sub-haplogroups as smaller branches.  [38] 

Europeans carry one of two possible mtDNA polymorphisms at coding position 

mt11719 (mt11719g or mt11719a).  Haplotypes that include mt11719g form the basis of 

haplogroups H and V. Likewise, haplotypes of mt11917a form the basis of haplogroups 

I, J, K, U, W, X, and Z.  All nine European haplogroups are haplotypes of coding region 

polymorphisms at mt11719, mt7028, mt12308, mt10393, mt15607, and mt1715.  Each 

haplogroup is in disequilibrium with a haplogroup of non-coding region polymorphisms 

(e.g., mt73A is frequently presented with mt11719G).  Sequencing the compact 1,069 

base-pair non-coding region can inductively discover all possible haplogroups in a study 

cohort. Conversely, a limited set of polymorphisms deductively shows haplogroups 
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presented in a well-characterized cohort with limited discovery potential and diminished 

sub-group presentation capacity. 

In 1998, Tanaka [44] observed that the coding-region polymorphisms mt5178A, 

mt8414T, and mt3010A were more frequent in Japanese centenarian cases than 

younger adult controls.  Mt5178A is within Asian Haplogroup D  [92].  Building on this 

evidence, De Benedictis et al. [45] reported finding more Haplogroup J carriers among 

male northern Italian centenarians than in younger adult controls.  Feng et al. found that 

Haplogroup F is over-represented in Chinese healthy longevious cases compared with 

younger female controls [93].  It is possible that certain population-specific haplogroups 

associate with longevity.   

Following the De Benedictis work, other groups have presented differing effect 

sizes on the Haplogroup J and longevity association. [94]. Despite the inconsistent 

results, the association was highlighted as a genetic variation favorable to longevity. 

[95]    

Samuels showed that studying the effect of one haplogroup in the background of 

those in a population requires sample sizes larger than those presented in any single 

study. [94]  They presented a universal formula to be used to estimate sample size and 

statistical power for haplogroup association studies.  The formula offers a sample-size 

inflation factor to account for the multiple association testing that is inevitable when 

assessing one haplogroup against the background others present in a population.  

In order to measure the effect of mtDNA Haplogroup J and longevity, we 

undertook this meta-analysis to assemble and analyze all the published evidence of the 

topic.    
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3.3  Methods 

3.3.1 Four Stages 

We followed the recommendations of the “Meta-Analysis of Observational 

Studies in Epidemiology (MOOSE)”  [96] while executing the steps of Harrison [97].    

To discover all available literature, we conducted a thorough literature search. Two of us 

(MF, JB)  independently reviewed the abstracts of each discovered article while 

applying the inclusion criteria (Table 3-1).    

Table 3-1. A priori Inclusion / Exclusion Criteria 
Inclusion Criteria: 

- Age of cases clearly described and presented 
- Haplogroup frequency differences between cases and controls 

 

Exclusion Criteria; 

- Haplogroup J frequency not presented  
- Controls are younger than cases 

 

We then read the complete text of each included study to determine whether the 

methods and findings were consistent with our objectives.  Studies that did not further 

this objective were dropped from further review. We then abstracted data into the data 

abstraction form (Table 3-2).   
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Table 3-2. A priori selected variables abstracted from each manuscript 

Population Ancestry 
Geography 

From which geographic region was the population 
taken.  Sub-population or minorities are favored over 
larger groups 

Major Conclusion What does the study cite as its major finding 

Molecular Method 

What areas of the mitochondrial genome are used to 
find haplogroup/SNPs coding region PCR fragments, 
HVS1, HVS2, Whole genome sequencing, SNP 
sequencing, RFLP) 

Phylogeny Method 
What method is used to ascribe haplogroups to the 
SNPs 

Included in pooled analysis Yes/No- if no, why 

Case Definition 
How does the study define its cases (e.g., Centenarians 
(100+)) 

Case Age Range What is the age range of the cases 
Median Case Age What is a the median or mean age of cases 
Control Age Range What is the age range of controls 
Median Control Age Range What is the median or mean age of the controls 
# Cases How many controls 
# Controls How many cases 
% Female Cases What percentage of the cases were female 
%Female Controls What percentage of the controls were female 
% J in Cases What percentage of the cases were of Haplogroup J 
% J in Controls What percentage of the controls were of Haplogroup J 
Haplogroup rank and % in 
Controls 

List haplogroups in rank order of frequency among the 
controls 

Point Estimate (Odds ratio 
and Confidence Interval) 

Calculate the odds ratio of Haplogroup J in the cases 
(and 95% Confidence Interval) 

 

Our literature search used PubMED and EMBASE to discover all potentially 

relevant articles on January 1, 2013.   In PubMED, we searched using the MeSH terms 

and a keyword search. The selected MeSH search terms were: "DNA, 

Mitochondrial/genetics," "Aging/genetics," "humans,” "Haplotype," “Haplogroup,” and 

“Longevity/genetics.”  The keyword search terms used were: “mitochondrial DNA,” 

"Centenarian,*" "Octogenarian.*” and "Nonagenarian.*" We searched EMBASE using 

the following terms: “mitochondrial DNA,” “aging” “human,” “longevity,” “lifespan,” 

“haplotype,” and “haplogroup.” 
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 We anticipated that most of the studies we discovered would present categorical 

dependent (longevious cases and younger controls) and ordinal (haplogroup 

frequencies) independent variables. However, it was also possible that studies present 

a continuous dependent variable (age of death).  If a preponderance of included studies 

sustained the anticipated data types, we would use an odds-ratio statistic to measure 

the pooled effected.  However, if the preponderance of studies presented with ordinal 

and continuous age at death, we would use a time-to-event statistical approach.  

Using an a-priori established data-abstracted form, we reviewed established 

binary outcomes (case/control) and therefore the odds-ratio as the most appropriate 

effect-size estimating technique.  A random-effect model was used to determine 

confidence intervals and significance levels.  We used OpenMetaAnalyst© [7] as our 

database and analytic software for the pooled, heterogeneity, and sensitivity analyses. 

To assess publication bias, we present the published studies in chronologic order 

to discover whether over time the point estimates migrate to unity.  

3.4. Results 

3.4.1 Literature Discovery, Study Inclusion, Data Abstraction and Study Exclusion 

The PubMED search returned 334 citations. The EMBASE search returned 103 

distinct citations.  From a review of the abstract of these 437 discovered citations, and 

following the criteria in Table 3-2, we chose to include 85 unique citations for an in-

depth review for possible selection.  We dropped 67 studies for reasons listed in Table 

3-3. We selected 17 citations for data abstraction and further consideration in the 

analysis stage.  Two co-authors (JB and MF) independently abstracted data and jointly 

discerned which articles to exclude.  Reasons for exclusion are presented in Table 3-4.  
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Nine studies of 17 were ultimately chosen for the analysis stage.  All studies were in 

English with no references to unpublished datasets.    

Table 3-3 Results of inclusion round 
# 

Review Findings Article Title 
First Author –
[Citation] 

1 

No Haplogroup J 

Enrichment of longevity phenotype in 
mtDNA haplogroups D4b2b, D4a, and 
D5 in the Japanese population. Alexe  [92] 

2 

Not Longevity 

Mutations for Leber hereditary optic 
neuropathy in patients with alcohol and 
tobacco optic neuropathy 

Amaral-
Fenandes [98] 

3 
Review Aging Liver. A review. 

Anantharaju  
[99] 

4 
Review Biology and genetics of human longevity 

Baggio 1998  
[100] 

5 

No Haplogroup 

Evolutionary pressure on mitochondrial 
cytochrome b is consistent with a role of 
CytbI7T affecting longevity during caloric 
restriction 
 Beckstead [42] 

6 
No Haplogroup 

Mitochondrial DNA haplogroup D4a is a 
marker for extreme longevity in Japan. Bilal  [101]  

7 Include  Benn [39] 
8 Review The genetic factors of longevity Blanche  [102] 
9 

Not mitochondrial 
haplogroups 

Increase of homozygosity in 
centenarians revealed by a new inter-Alu 
PCR technique Bonafe [103] 

10 

Not Mitochondria 

An allele of HRAS1 3'variable number of 
tandem repeats is a frailty allele: 
implication for an evolutionarily-
conserved pathway involved in longevity. Bonafe [104] 

11 
Review The genetics of human longevity   

Capri 2008  
[105] 

12 

Not Mitochondria 

Human longevity within an evolutionary 
perspective: The peculiar paradigm of a 
post-reproductive genetics Capri [106] 

13 

Include 

Mitochondrial Polymorphisms Are 
Associated Both with Increased and 
Decreased Longevity Castri [107] 

14 
Not mitochondrial 
haplogroups 

Decreased reactive oxygen species 
production in cells with mitochondrial 
haplogroups associated with longevity. Chen  [108] 

15 
Not Mitochondria 

A role for the CISD2 gene in lifespan 
control and human disease Chen  [109] 
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Table 3-3 Cont'd 
16 

Not a primary study 
MtDNA mutations in aging and 
apoptosis. 

Chomyn   
[110]  

17 

Epistasis 

Variation in mitochondrial genotype has 
substantial lifespan effects which may be 
modulated by nuclear background Clancy [111] 

18 

Include 

Data from complete mtDNA sequencing 
of Tunisian centenarians: testing 
haplogroup association and the golden 
mean" to longevity." Costa  [46] 

19 

Include 

Mitochondrial Haplogroup X is 
associated with successful aging in the 
Amish 

Courtenay 
[112] 

20 
Poster 

Is mitochondrial genome chicken or egg 
of carcinogenesis? 

Czarnecka 
[113] 

21 

Include 

Association of the mitochondrial DNA 
haplogroup J with longevity is population 
specific Dato [47] 

22 
Review 

Does a retrograde response in human 
aging and longevity exist? 

De Benedictis  
[114] 

23 

Review 

Inherited variability of the mitochondrial 
genome and successful aging in 
humans. 

De Benedictis 
[115] 

24 

Include 

Mitochondrial DNA inherited variants are 
associated with successful aging and 
longevity in humans. 

De Benedictis  
[45] 

25 
Not a primary study 

Recent advances in human gene-
longevity association studies 

De Benedictis  
[116] 

26 
Not Longevity 

Genetics and anthropology in studies on 
aging and Chagas disease 

De Buenos 
Aries [117] 

27 

Not a primary study 
Another case of Leber hereditary optic 
neuropathy in an octogenarian. 

Decanini-
Mancera  
[118] 

28 

Include 

Association of mitochondrial haplogroup 
J and mtDNA oxidative damage in two 
different North Spain elderly populations 

Dominguez-
Garrido [48] 

29 

No Haplogroup J 

Association of mtDNA haplogroup F with 
healthy longevity in the female Chuang 
population, China Feng [93] 

30 

Not Mitochondria 

Biomarkers of immunosenescence 
within an evolutionary perspective: The 
challenge of heterogeneity and the role 
of antigenic load 
 

Franceschi 
[119] 
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Table 3-3 Cont'd 
31 

Not Mitochondria 

Genetics of healthy aging in Europe - 
The EU-integrated project GEHA 
(GEnetics of Healthy Aging) 

Franceschi 
[120] 

32 

Not Mitochondria 

Inflammaging and anti-inflammaging: A 
systemic perspective on aging and 
longevity emerged from studies in 
humans 

Franceschi 
[121] 

33 

Not Mitochondria 

Inflammaging as a major characteristic 
of old people: Can it be prevented or 
cured? 

Franceschi 
[122] 

34 
Not mitochondrial 
haplogroups 

Aging, resting metabolic rate, and 
oxidative damage; Results from the 
Louisiana healthy aging study Frisard [123] 

35 

Not Longevity 

Mitochondrial genotype frequent in 
centenarians predisposes resistance to 
adult-onset diseases Gong [124] 

36 
Not Humans 

Emerging area of aging research: long-
lived animals with negligible senescence  Guerin  [125] 

37 
Not mitochondrial 
haplogroups 

Repeats, longevity and the sources of 
mtDNA deletions: evidence from 
'deletional spectra'. Guo [126] 

38 
Not mitochondrial 
haplogroups 

Mitochondrial DNA, direct repeats, 
deletions, and centenarians: An 
unfinished puzzle Guo [127] 

39 
Review 

Inflammation and genetics: an insight in 
the centenarian model. Iannitti [128] 

40 
Include 

Mitochondrial genotype associated with 
French Caucasian centenarians. Ivanova [129] 

41 

Not mitochondrial 
haplogroups 

Aging-related occurrence in Ashkenazi 
Jews of leukocyte heteroplasmic mtDNA 
mutation adjacent to replication origin 
frequently remodeled in Italian 
centenarians. Iwata [130] 

42 Review Current view on biology of aging   Kasabri  [131] 
43 

Not Longevity 

Cell-by-cell scanning of whole 
mitochondrial genomes in aged human 
heart reveals a significant fraction of 
myocytes with clonally expanded 
deletions. Khrapko  [132] 

44 
Not longevity 

Mitochondrial genotype in vulvar 
carcinoma - cuckoo in the nest. Klemba  [133] 
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Table 3-3 Cont'd 
45 

Not mitochondrial 
haplogroups 

Longevity-associated mitochondrial DNA 
5178 A/C polymorphism modulates 
effects of daily drinking and cigarette 
consumption on serum triglyceride levels 
in middle-aged Japanese men. Kokaze [134] 

46 

Not Mitochondria 

Gender-specific association between -
1082 IL-10 promoter polymorphism and 
longevity.  Lio [135] 

47 
Include 

Mitochondrial DNA in Polish 
centenarians. Lorenc [136] 

48 

Not Mitochondria 

TOMM40 rs10524523 polymorphism's 
role in late-onset Alzheimer's disease 
and in longevity  

Maruszak  
[137] 

49 

Not Longevity 

Defining the cytokine and 
immunoglobulin phenotype associated 
with mitochondrial J haplotype carriers in 
the BELFAST Elderly Longitudinal Free-
Living Ageing Study (BELFAST)  

Mcnerlan  
[138] 

50 
Not Longevity 

Mitochondrial DNA 3644T-->C mutation 
associated with bipolar disorder. 

Munakata 
[139] 

51 

Include 

Mitochondrial DNA polymorphisms 
associated with longevity in a Finnish 
population Niemi [52] 

52 

Include 

A combination of three common 
inherited mitochondrial DNA 
polymorphisms promotes longevity in 
Finnish and Japanese subjects Niemi [89] 

53 

Not mitochondrial 
haplogroups 

Absence of association between 
mitochondrial DNA C150T polymorphism 
and longevity in a Han Chinese 
population Pan [140] 

54 

Not Mitochondria 

Y chromosome binary markers to study 
the high prevalence of males in 
Sardinian centenarians and the genetic 
structure of the Sardinian population 

Passarino 
[141]  

55 

Include 

Are mitochondrial haplogroups 
associated with extreme longevity? A 
study on a Spanish cohort. Pinos [142] 

56 

Not a primary study 

Association studies on human 
mitochondrial DNA: Methodological 
aspects and results in the most common 
age-related diseases Raule [143] 
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Table 3-3 Cont'd 
57 

Not Longevity 

Mitochondrial J haplogroup is associated 
with lower blood pressure and anti-
oxidant status: findings in 
octo/nonagenarians from the BELFAST 
Study. Rea [144]  

58 

Include 

MITOCHONDRIAL DNA 
HAPLOGROUPS IN A CHINESE 
UYGUR POPULATION AND THEIR 
POTENTIAL ASSOCIATION WITH 
LONGEVITY Ren  [145] 

59 

Epistasis 

Somatic point mutations in mtDNA 
control region are influenced by genetic 
background and associated with healthy 
aging: a GEHA study. Rose [146] 

60 

Not HPG 

The mitochondrial DNA control region 
shows genetically correlated levels of 
heteroplasmy in leukocytes of 
centenarians and their offspring. Rose [147] 

61 

Not a primary study 

Paradoxes in longevity: sequence 
analysis of mtDNA haplogroup J in 
centenarians. Rose [148] 

62 
Include 

Mitochondrial DNA polymorphism: its 
role in longevity of the Irish population. Ross  [49] 

63 
Review 

Genes, ageing and longevity in humans: 
problems, advantages and perspectives. Salvioli  [149]  

64 

Not a primary study 

The impact of mitochondrial DNA on 
human lifespan: a view from studies on 
centenarians. Salvioli [150] 

65 
Not a primary study 

Mitochondrial DNA involvement in 
human longevity Santoro [151] 

66 Not mitochondrial 
haplogroups 

PROSPECTS FOR THE GENETICS OF 
HUMAN LONGEVITY 

Schachter 
[152] 

67 

Not Longevity 

Genetic variability of HVRII mtDNA in 
cord blood and respiratory morbidity in 
children 

Schmuczerova 
[153] 

68 

Include 

Ashkenazi Jewish centenarians do not 
demonstrate enrichment in mitochondrial 
haplogroup J. Shlush [50] 

69 

Not Longevity 

Cardiovascular disease: Primary 
prevention, disease modulation and 
regenerative therapy Sultan [154] 
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Table 3-3 Cont'd 
70 

Not longevity 

Association of a 5178C-->A (Leu237Met) 
polymorphism in the mitochondrial DNA 
with a low prevalence of myocardial 
infarction in Japanese individuals. Takagi [155] 

71 

Not Longevity 

Japanese Alzheimer's disease and other 
complex disorders diagnosis based on 
mitochondrial SNP haplogroups   Takasaki [156] 

72 
Not mitochondrial 
haplogroups 

Mitochondrial SNPs associated with 
Japanese centenarians, Alzheimer's 
patients, and Parkinson's patients. Takasaki[157] 

73 

Not Longevity 

Mitochondrial haplogroups associated 
with Japanese centenarians, 
Alzheimer'spatients, Parkinson's 
patients, type 2 diabetic patients and 
healthy non-obese young males 

Takasaki [158] 
 

74 

Review 

Mitochondrial genotype associated with 
longevity and its inhibitory effect on 
mutagenesis. Tanaka [159] 

75 

Not Longevity 

Golden mean to longevity: rareness of 
mitochondrial cytochrome b variants in 
centenarians but not in patients with 
Parkinson's disease. Tanaka [160] 

76 

Include 

Mitochondrial genotypes and 
cytochrome b variants associated with 
longevity or Parkinson's disease. Tanaka [161] 

77 

No Haplogroup 

Mitochondrial genome single nucleotide 
polymorphisms and their phenotypes in 
the Japanese Tanaka [162] 

78 
Not mitochondrial 
haplogroups 

Common, rare, and individual variations 
of mitochondrial DNA associated with 
diseases or longevity Tanaka [163] 

79 
Not mitochondrial 
haplogroups 

Mitochondrial genotype associated with 
longevity and its inhibitory effect on 
mutagenesis Tanaka [159] 

80 

Not mitochondrial 
haplogroups 

Single nucleotide polymorphism spectra 
in newborns and centenarians: 
identification of genes coding for rise of 
mortal disease 

Tomita-
Mitchell [164] 

81 Not mitochondrial 
haplogroups 

Low level of the mtDNA(4977) deletion 
in blood of exceptionally old individuals. 

von Wurmb-
Schwark [165] 

82 
Not mitochondrial 
haplogroups 

Genetic determinants of exceptional 
human longevity: insights from the 
Okinawa Centenarian Study Willcox [166] 
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83 

Include 

Mitochondrial DNA polymorphisms are 
associated with the longevity in the 
Guangxi Bama population of China. Yang [167] 

84 
Review 

Genes and longevity: lessons from 
studies of centenarians. Yashin [168] 

85 

Not mitochondrial 
haplogroups 

Strikingly higher frequency in 
centenarians and twins of mtDNA 
mutation causing remodeling of 
replication origin in leukocytes. Zhang [169] 
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Table 3-4. Abstracted data for meta-analysis from studies that passed the inclusion 
round 
First Author/ 
Year 

Ancestry
/ 
Geograp
hy 

Genotyp-
ing 
source 
and 
method 
 

Overall 
Odds Ratio 
CI95   

Case 
Definition 
Age Range 
Mid-point 
#  
(%Female) 

Control 
Definition 
Age 
Range 
Mid-Point 
# 
(%Female
) 

Haplo-
group  
Ranks 
by 
percent 

1. 
DeBenedicti
s [45] 
1999† 

Europea
n 
Italian 

Coding 
region 
RFLPs 
 

2.4 (1.2-
5.0) 
 

Centenarian 
100-109 
104 
N=212 
(70%) 

Younger 
Adults 
20-75 
47.5 
N=275 

H=40,U
=17, 
T=11,  
Others=
10, 
K=7, 
J=4, 
X=3,  
I=3, 
V=2 , 
W=1 

2.Ross [49] 
2001† 

Europea
n 
Irish 

Coding 
and Non-
coding 
RFLPs 

0.8 (0.4-
1.8)s 

80+ 
80-97 
 
N=129 
(70%) 

Younger 
Adults 
18-45 
31.5 
N=100 

H=45,U
=15*, 
J=14 

3.Niemi[52] 
2003† 

Europea
n 
Finnish 

Coding 
region 
RFLPs 

1.4 (0.7-
2.6) 
 

90+ 
90-97 
94 
N=225  
(n/r**) 

Younger 
Adults 
18-65 
41.5 
N=400 
Infants 

H=51,U
=21, 
J=6, 
K=6, 
T=6,  
V=4, 
I=3, 
X=2, 
W=1, 
M=1,  
OTHER
=<1 
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Table 3-4 Cont'd 
4.Dato[47] 
2004 

Europea
n 
Souther
n Italy 

Coding 
region 
RFLPs 

Not 
available 
Exclude: 
Not a case/ 
control 
study. 

  Not 
stated 

5.Lorenc[13
6] 2004 † 

Polish Coding 
region 
RFLPs 

1.6 (ns) Centenarian
s 
Range not 
specified 

Anonymo
us 
controls 

H=39,U
=21,Oth
ers=13,
T=13, 
J=8,K=
6 

6.Niemi[89] 
2005 

Finnish 
and 
Japanes
e 

Coding 
region 
RFLPs 

Exclude: 
No 
haplogroup 
frequency 
differences 

   

7. Benn[39] 
2008 

Danish Selected 
coding 
region 
SNPs 

 Exclude: 
Not a    
 
case/contr
ol             
  study 

   

8.Shlush[50] 
2008 † 

Ashkena
zim 

Sequenci
ng of 
non-
coding 
region 

1.03 (0.6-
1.8) 
 

Centenarian 
94-100 
97 +/- 2.8 
N=241 (79) 

Spouses+
Israeli 
Controls 
69 +/-8; 
41.8 +/-
16.2 
N=683(n/r
) 

K=28,H
=18, 
N=9, 
J=7, 
HV=5,  
U=5, 
T=1, 
V=3, 
R0=2, 
M=2 
, L=1, 
W=1, 
X=<1, 
W=1, 
I=<1, 
 A=<1 
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Table 3-4 Cont'd 
9.Ren[145] 
2008† 

Uygur/ 
Chinese 

Full 
mtDNA 
sequenc
e 
 

0.4 (0.2-
0.9) 
 †† 
 

Vitality 90+ 
90-97 
93.5 
N=215 (n/r) 

Healthy 
Uygur 
45-55 
50 
N=117 
(n/r) 

H=38,J
=19, 
U=9, 
T=8, 
K=6,  
V=6, 
I=4, 
OTHER
=4, 
X=3, 
W=3  

10.Bilal[101] 
2008 

Japanes
e 

Full 
mtDNA 
sequenc
e and 
PCA 
SNP 
selection 

Exclude: 
HPG J not 
presented 

>105 
105-115 

Several 
other 
groups 
18-100 

N/R 

11.Costa[46
] 2009 † 

Tunisian Full 
mtDNA 
Sequenc
e  

∞  
p=0.2326 
 

Centenarian 
Range not 
stated 
 

Unrelated 
19-45 
32 
N=22 (n/r) 

L=55,U
=22, 
R0=18, 
X=5  

12.Castri[10
7] 2009  

Costa 
Rican 

HVS1 
sequenc
e/ 
Coding 
region  
RFLPs 

Exclude: 
Not a 
case/contr
ol study, 
HPG J not 
presented 

   

13.Domingu
ez-
Garrido[48] 
2009 † 

Europea
n 
Spanish 

Coding 
region 
RFLP 

2.2  (1.1-
4.2).   
 

Healthy 85+ 
n/r 
n/r 
N=138 (n/r) 

Healthy 
blood 
donors 
20-40 
30  
N=138 
(45%) 

H=44,U
=23, 
J=11, 
R0=10, 
T=6 
, V=6  

14.Pinos[14
2] 2011 † 

Europea
n 
Spanish 

Coding 
region 
RFLP 

0.3 (0.06-
1.2) 
Include 
cases with 
Dominguez 
controls[48
] 

Centenarian 
100-109 
104 
N=65  
(87%) 

See 
Domingue
z-Garrido  
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Table 3-4 Cont'd 
15. 
Feng[93] 
2011 

Chinese mtDNA 
Sequenc
e and 
Coding 
RFLP 

Exclude: 
HPG J not 
presented 

   

16. 
Courtenay 
[112]   
2012 

Amish 27 
coding 
region 
SNP part 
of GWAS  

Exclude: 
Controls 
same age 
as cases. 

80+   

17. Yang 
[167] 
2012 

Chinese mtDNA 
Sequenc
e and 
Coding 
RFLP 

Exclude: 
Haplogrou
p 
frequencie
s not 
presented 
in controls 

Centenarian 10-79 Not 
present
ed 

† Study selected for meta-analysis 
†† Inclusion is qualified based on the absence of Asian Haplogroups in a Uygur 
population. 
* Haplogroups H and U are estimated 
** n/r= Not Reported 

 

3.4.2 Key Study Variables 

Among the nine selected studies, five used 100 as the lower age limit for cases 

[46, 48, 50, 136, 142]; two studies included 90-year-olds [52, 145], one included 85-

year-olds [48], and one included 80-year-olds [49].  The median age range of controls 

was 24 to 80 years, with no inter-study consistency. One study [136] did not present 

ages of the anonymous controls.  Since the age of cases varies and age of controls is 

inconsistently presented, an age variable cannot be included in a meta-regression.  

The genomic methods used by the nine selected studies varied considerably.  

One study used a full sequence of the mtDNA control region [50]. Five studies used 

restriction fragment length polymorphism (RFLP) of the coding region [45, 48, 52, 136, 
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142].  One study used RFLPs of both the coding and control regions [49].   Two studies 

used a full mtDNA sequence (coding and control regions) [46, 145].   Eight studies used 

established haplogroup scoring algorithms [45, 46, 48, 50, 52, 136, 142, 145], one study 

presented de-novo phylogeny and haplogroup nomenclature [49].  The frequencies of 

non-J and  J sub-haplogroups, or sex ratios of cases and controls, were not consistently 

presented in the selected studies.    

3.4.2 Critical Study Appraisal 

In their discussion, Shlush et al. [50] used the Samuels [94] formula to estimate 

statistical power to find an odds ratio of 1.75.  The Samuels [94] formula offers an 

inflation factor to accommodate the cryptic population stratification present between 

haplogroups when determining sample size and power for studies of haplogroup 

associations. The inflation factor uses the number of haplogroups within the study 

population.  The Shlush study had 15 haplogroups; yet used 1 as the inflation factor.  

Rather, using an inflation factor of 15, the Samuels formula recommends 1,047 cases 

(400% more than were assembled). In the discussion section, the authors of Slush et al. 

state that 251 cases (4% more than they assembled) are necessary to find their point 

estimate (OR=1.75). Thus, the Samuels formula suggests that their study was under-

powered. 

Ren [145] presented the haplogroup frequencies among the Uygur minority in 

China.  They present Haplogroups H, J, U, T, K, V, I, Others, X, and W (in rank order) 

among their controls. Surprisingly, the Asian haplogroups (A, B, D, F, and G) were 

absent in this study. In an earlier study of the Uygur minority [170], 17/47 (36%) 

individuals shared Asian haplogroups A, B, D, F, and G.  The Ren study used a 



 

48 
 

sequence of the full mtDNA genome across several PCR fragments and aligned 

sequences to two reference sequences [14, 20].  The molecular method is 

comprehensive and inductive; yet, no Asian haplogroup carriers were found among the 

controls.  We assigned this study population to be non-European, despite the European 

haplogroup distributions. 

Dato et al. [47] analyzed Haplogroup J frequencies as a function of increasing 

age across categories within an Italian cohort.  No age category could clearly be defined 

as a case group to be consistent with the other included studies.  Extrapolating carrier 

frequencies from points on the chart would be too imprecise.  A formal request for 

original data was declined (personal communication with S. Dato).  

Niemi et al. [89], in a follow-up to their 2003 work, presented an association study 

of mt150T with longevity in Finnish and Japanese populations.  They presented 

haplogroup frequencies among mt150T carriers, not between cases and controls.  

Bilal et al. [101], Feng et al. [93],  and Yang [167] presented haplogroup 

frequency among Asian cases and controls.  These studies were excluded because, as 

expected, Haplogroup J was not observed in Asian populations. 

Castri et al. [107] evaluated ancestor lifespan from within a pedigree of 

contemporary individuals.  The group assembled living individuals who have a well-

documented pedigree database.  They assessed mtDNA haplogroups of the 

contemporary individuals and ascribed to ancestors in the pedigree.  The study tested 

whether any ancestors carrying specific haplogroups lived longer than others using 

period-specific analysis of variance (ANOVA) models on age of death.  The novel study 
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design does not present haplogroup frequency differences between longevious cases 

and younger controls, and thus cannot be included in a case-control meta-analysis.   

Courtenay et al. [112] presented haplogroup frequency differences between 

healthy Amish 80+ year olds in comparison to less-healthy Amish 80+ year olds.  They 

found that Haplogroup X is more frequent in their healthy 80+ year olds.  This paper did 

not present haplogroup frequency differences between longevious cases and younger 

controls and was not suitable for the meta-analysis.   

Benn et al. [39] presented a prospective study of 9,254 citizens of Denmark 

enrolled between 1976-1978 and followed for 25 years until 2004.  Using personal 

interviews/examinations, electronic health records, and death registry, they have 

complete follow-up for all deaths and disease diagnoses.  They used six coding region 

polymorphism to deduce the common European haplogroups.  Correlating haplogroups 

with disease occurrence, cause of death and age at death, they found no positive 

association with any haplogroup. The study presented no longevious cases and 

younger controls, and thus cannot be included in the meta-analysis.  Their equivocal 

results in a large sample followed prospectively might seem to offer a definitive answer.  

This study was eventually dropped from the selected group because the prospective 

design lacks case/control perspectives. 

3.4.3 Synopsis of study findings 

We reviewed nine studies that presented haplogroup frequency differences in 

longevious cases (80-100+) and younger controls. The range of ages of controls was 

inconsistently presented. All nine studies presented Haplogroup J frequency differences 

between cases and control, and were therefore included in a meta-analysis.  Six studies 
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presented individuals from European ancestry [45, 48, 49, 52, 136, 142]. Three studies 

presented non-European populations (Ashkenazim, Tunisians, Uygur/Chinese) [46, 50, 

145]. One study [142] repurposed controls from a prior study [48], and we included both 

as one entry in the meta-analysis.  In total, we included seven independent studies and 

two joint studies in the meta-analysis, giving a sample size of eight. The abstracted data 

for the analysis are presented in Table 3-4.   

3.4.4 Meta-analysis results 

3.4.4.1 Main Results 

Our pooled analysis of eight independent studies yields 1,224 longevious cases 

and 1,734 controls.  The definition of longevious varies considerably across the studies, 

with the youngest cases being over 80 and the oldest 100 and over.  Not all studies 

presented the ratio of males to females.  The Haplogroup J carrier rate was 128/1,224 

(10.4%) among the longevious cases, and 146/1,734 (8.4%) among the younger 

controls. The summary odds ratio is an equivocal 1.18 (CI95 0.8-1.76; p-value = 0.408). 

The Cochran Q value was 14.424 (p-value = 0.044), indicating considerable inter-study 

heterogeneity of effect size [171, 172].  (Figure 3-1) 
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Figure 3-1: Forest Plot of Haplogroup J frequencies between cases and controls by year 
of publication. (Figure shows later studies not approaching unity of risk.  Offers 
evidence of absence of a publication bias).  

 

 

3.5 Discussion 

The studies of definably European populations show a pooled Haplogroup J 

carrier rate for a stratified pooled odds ratio of 1.47 (CI95 1.052-2.056). When stratified 

by definable ancestry, the Cochran Q value indicates considerably less inter-study 

heterogeneity among the European (p = 0.267) vs. the Non-European cohorts (p = 

0.098). 

For a sub-group analysis we stratified studies by population ancestry. De 

Benedictis [45], Ross [49], Niemi [52], Dominguez-Garrido/Pinos [48, 142], and Lorenc 

[136] used explicitly European populations.  The data from Ren [145], Costa [46], and 

Shlush [50] were grouped as “non-European” because the observed or expected 

haplogroup distributions were inconsistent with a European population.   
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For the European sub-group, Haplogroup J was more common in in longevious 

cases of 98/864 (11.3%) and 77/1,060 (7.3%) in the younger controls.  The stratum-

specific summary effect of OR=1.47 (CI95 1.04-2.06). In the non-European strata, the 

effect was inconclusive (OR=0.749; CI95 0.30-1.84).   The stratified Cochran Q values 

indicate less inter-study heterogeneity in the sub-group analyses than with two groups 

combined. (p = 0.267 for European studies; p = 0.098 for Non-European studies).  

To further analyze the pooled studies for potential stratification, we performed a 

leave-one-out sensitivity analysis.  For the European sub-group, we observed a 

significant increase in the pooled odds ratio from 1.2 to 1.0 when the Ross [49] study 

data were removed. (Figure 3-2) 

Figure 3-2: Leave-one-out sensitivity analysis of Haplogroup J studies among European 
cohorts. For interpretation of the references to color in this and all other figures, the 
reader is referred to the electronic version of this dissertation 

 
We find the association between Haplogroup J and longevity is inconclusive.  

However, when we stratified by ancestry Haplogroup J is significantly over-represented 

in longevious cases than younger controls in the European sub-group (OR = 1.47; CI95 

1.04-2.06). Among Non-European populations, the association is equivocal (OR = 

0.749; CI95 0.30-1.84).  Pooling all published literature fails to achieve sufficient power.  

Additionally, longevity has considerable time-period variation and appropriate controls 
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should be assessed contemporaneously with cases, making lifespan or age at death a 

more suitable statistical measure than longevity.  Also, in humans, the semi-

independent mitochondrial genome is in epistasis with the autosomal genome; 

knowledge of both genomes is required to fully appreciate the Haplogroup J and 

longevity (or lifespan) association. 

The association among Europeans was consistent across most published 

studies, with only one study [49] presenting an inverse effect.  This single study with 

inconsistent results presented two sub-groups of Haplogroup J.  One sub-group was in 

positive association with longevity; the other had a negative association.  The sub-group 

in negative association was more frequent in this Irish population.  The greater 

frequency of the negative sub-group in this study equivocated the overall Haplogroup J 

finding.  The study used a de-novo nomenclature and a deductive RFLP-based 

genotyping; thus the sub-groups names were inconsistent with other studies. 

If the true effect size of Haplogroup J and longevity is OR=1.47 among the nine 

European haplogroups, the Samuels universal statistical power formula estimates that 

more than 6,000 cases and an equal number of controls are needed to find the modest 

effect.  This comprehensive meta-analysis could only assemble 864 European 

longevious cases and was thus considerably underpowered.   

A recent review of the genetics of longevity presented Haplogroup J as a factor 

favorable to increased lifespan or longevity. [95]  Among Asian populations, Haplogroup 

D appears more frequently in older individuals.  Dato et al. suggested that Haplogroup J 

and longevity might be population specific.  Our results support their suggestion by 
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showing that, among populations that follow European distributions of haplogroups H, I, 

J, K, T U, V, W, and X (in rank order), the cases are more likely than not to be in 

Haplogroup J. 

One study [49] presented the inverse association. This study required a nuanced 

interpretation.  In their work, Ross et al. [49] presented two sub-groups of Haplogroup J. 

However, their RFLP approach did not include diagnostic SNPs for the common 

Haplogroup J sub-group nomenclature.  Therefore, it was possible that Haplogroup J1 

might have a different effect than Haplogroup J2.  It was also possible that other studies 

have a preponderance of the sub -haplogroup favoring longevity while the Ross study 

had an inverse proportion. Future studies should incorporate a standard set of SNPs 

and scoring methods to include sub-group assessment. 

The usual suspects of meta-analysis limitations were unavoidable in this work 

[96].  The present work was particularly limited in three ways:  1) lack of uniformity in 

case definition (age range 80-100) and control definitions (youngest age range from 18-

20 and oldest age range from 45-70), 2) genotyping methods, and 3) scoring methods. 

The case/control study design of the Haplogroup J and longevity association was sub-

optimal.  Cases that navigated environmental exposures and achieved an old age were 

different on many other factors, not just their inherited haplogroup.  A more appropriate 

study design was one in which a time-to-event analytic strategy could be employed 

[173].  The modified kin-cohort method presented by Castri or Beckstead [42, 107] 

represents innovative method of achieving these sample sizes and analytic method.  

The most appropriate approach to studying the association in further studies might 

involve an isolated population such as the Amish using a kin-cohort method. If kin-
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cohort methods were to be used, the impact of control age differences would be 

mitigated between studies.  
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CHAPTER 4: MITOCHONDRIAL GENETIC EPIDEMIOLOGY OF LIFESPAN IN A 

POPULATION ISOLATE 

4.1 Abstract 

Previous studies suggest that mtDNA Haplogroup J is more prevalent among 

older people than younger people, especially in European populations.  However these 

studies could not establish whether Haplogroup J carriers actually live longer than other 

carriers because those studies use a sub-optimal study design in which older people 

lack contemporaneity with the younger people being studied.  Sub-optimal study design 

of prior work also prevented time-to-event analysis and could not control for autosomal 

genetics or environmental factors.  We sought to test the Haplogroup J association in 

the context of genealogic records of a population isolate.  Within this context our work 

should allow for a more suitable analytic strategy, offer contemporaneity between study 

groups and lend some control for other genetic and environmental factors.  

This work is presented in the context of a broader cooperative of studies across 

generations (CoSAGE). CoSAGE is a community setting within which a large extended 

family resides.  Most members of the community are descendants of the original settlers 

of the area.  The extended family has a pedigree database that serves as a sampling 

frame within which to study historical age-at-death phenotype patterns.  Community 

members who participate in CoSAGE serve as the source of genetic records of their 

distant ancestors documented in the pedigree database.  We determined the mtDNA 

haplogroup of study participants and imputed the haplogroups for maternal ancestors 

and relatives in the pedigree database. We used age at death and proportion of 

octogenarians to assess extended lifespan.  
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We recruited 118 participants for the study. However, due to the inter-

relatedness of the community members only 32 distinct maternal lines were represented 

among the participants.  We found eight of the nine common European haplogroups in 

the 31 samples that were successfully genotyped.  One maternal line was a Haplogroup 

J carrier.  This single line had 80 mitochondrial relatives in the database, 71 of whom 

were born in the study time frame. None of the measures tested supported our 

hypothesis of extended lifespan in the haplogroup J lines.  However we observed that 

male carriers and a mean age at death of 72 whereas female carriers died at 69 on 

average (p-value=0.254). 

4.2 Introduction 

Mitochondria power cellular function through the synthesis of ATP from 

consumed calories.  They possess their own non-nuclear DNA outside the nucleus.  

Byproducts of ATP synthesis are highly mutagenic to mitochondrial DNA (mtDNA).  

Modern theories of aging suggest that as cells age the mitochondria suffer more 

mutagenic events and thereby a decline in ATP synthesis and thus cellular function 

capacity.  

Some studies of European mtDNA haplogroups and longevity show more 

Haplogroup J carriers among older people than younger people.  A recent meta-

analysis of the association, showed that the association is present only in studies of 

European populations.  This meta-analysis finds among European populations older 

people are 1.47 (CI95 1.04-2.06) times more likely to be Haplogroup J carriers than 

younger people.  The meta-analysis included a study among Irish centenarians that 

demonstrated that the positive benefit to longevity might be isolated to one sup-group of 
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the population.  These finding beg the question of whether Haplogroup J carriers have 

increased lifespan.  In this work, we examine the Haplogroup J and longevity 

association in a time-to-event or lifespan context, building on prior cross-sectional 

studies of longevity.  

4.3 Background 

4.3.1.The community and population setting 

We have presented evidence supporting the identification of a population isolate 

in Michigan (Chapter 2).  A large extended family forms the nucleus of a community that 

spreads across 90 square mile, encompassing three municipalities.  The family and 

communities are partners in the Community-Based Cooperative for Studies Across 

Generations (CoSAGE). The present study of Mitochondrial DNA Patterns and Lifespan 

(MDPL) builds on the CoSAGE community cooperative.  Our prior work demonstrates 

that this community and extended family possess the qualities of a population isolate.  A 

preponderance of the individuals in the region are descendants from a small group of 

who settled the land in the mid-1830s.  The group experienced a population growth rate 

not dissimilar from the United States and is now estimated to be near 14,000.   The 

group came to the attention of MSU researchers because of the frequency of hearing 

loss.  The genetic causes of hearing loss in the extended is linked to two well-

characters mutations. [77, 78].  One unique feature (among many) of this community is 

an extended pedigree database.  The database enumerates over 30,000 individuals 

most of whom descend from the 1830s settlers/founders.  The present work used living 

individuals of the CoSAGE cooperative and the sampling space created by the pedigree 
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database (pedigree space) to study whether Haplogroup J carriers live longer than other 

carriers of other haplogroups.  

4.4 Methods 

4.4.1 Pedigree Data 

         Genealogical data was collected as described previously [174]. To increase the 

genealogical data, including death dates, we searched www.familysearch.org™ for new 

death dates. To minimize potential bias of completeness and validity, we established a 

range of continuous birth decades during which the individuals born have a high chance 

of being dead and with a high proportion of death dates are recorded.  Using a chi-

squared likelihood ratio test in SAS™ we analyzed whether the proportion of individuals 

missing death dates was significantly different between males and females and across 

mtDNA haplogroups.  We also decided that individuals who died after the age of 100 

were not eligible to be included in the indirect cohort due to blunt death-date invalidity. 

Using these criteria, we established a birth-cohort-decade series that was minimally 

biased by invalid or incomplete death dates from genealogic sources. 

       We wrote a SAS™ script to find records with potentially invalid parental ties to other 

individuals in the pedigree database.  The script checks for records with wrong-sex 

parents, parents born after children, and for children born more than one year after a 

parent’s death date.  Individuals with questionable parental ties and their parents were 

ineligible for this analysis. 
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4.4.2 Recruitment 

Participants in the umbrella CoSAGE registry were recruited through word-of-

mouth referrals, informational sessions, community newspaper advertisements, 

community bulletin boards, church bulletins, health fairs, community events, an internet 

web page, Facebook.com, and routine “walk-in” information sessions at the project 

office. CoSAGE sponsors health fairs and community events that allowed interested 

individuals an opportunity to complete a contact request card. A member of the study 

team scheduled a meeting to inform the potential participant about the project and 

review and discuss the informed consent process. The informed consent sessions occur 

in the Project Office or the participant’s home. Consenting participants completed self-

report questionnaires and a CoSAGE team member collected an anthropometric 

assessment, a whole blood sample (by peripheral phlebotomy) or cheek cell (by saliva 

collection kit).  Consenting participants are asked to supply the names of their parents 

and grandparents to merge them into the pedigree database.   

CoSAGE participants were mailed an MDPL study packet that included an 

introductory letter, a consent document approved by the Michigan State University 

Institutional Review Board, a Genetic Information Non-Disclosure Act (GINA) pamphlet, 

and a postage-paid return envelope.   The consent form sought permission to use the 

participant’s banked DNA sample and genealogy data for this study.  CoSAGE 

participants who consented to the MDPL comprised a direct cohort for this analysis.    

Deceased relatives of direct cohort identified in the genealogy database form a larger, 

indirect cohort sampled from pedigree space.  The lifespan phenotype of the indirect 

cohort was calculated from the birth year and death year as recorded and validated in 
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the database. Lifespan phenotype of the indirect cohort is the principal variable for this 

analysis. 

4.4.4 DNA isolation and genotyping 

CoSAGE participants donated venous blood or saliva samples.  DNA was 

isolated from saliva samples using Oragene™ DNA Self-Collection Kit as recommended 

(DNA Genotek Inc., Ottawa ON, Canada).  DNA was isolated from venous blood 

samples using the Quick-Gene -810 as recommended (AutoGen, Holliston, MA, USA). 

Mitochondrial haplogroups were based on DNA sequence analysis of the non-

coding region of mtDNA15998-mt326. Aliquots of banked DNA samples from MDPL 

volunteers were amplified with a forward primer  (mt15596 5’-AAG TCT TTA ACT CCA 

CCA TTA GCA-3’) and a reverse primer (mt326 5’- GGC TGG TGT TAG GGT TCT 

TTG- 3’). The PCR amplification condition was an initial temperature elevation to 94⁰ 

held for 3 minutes, followed by 25 cycles of 94⁰ for 30 seconds, 60⁰ for 3 minutes and 

72⁰ for 1 minute, and a final cycle at 72⁰ for 1 minute and held at 15⁰.  

Sequencing aliquots of each PCR was prepared with the primers listed above 

and an internal primer (mt16523 5’-ACT TCA GGG CCA TAA AGC CT-3’).  PCR 

products were sequenced using an ABI 3730 Genetic Analyzer (Applied Biosysems, 

Foster City, CA, USA).   

4.4.5 Bioinformatics Methods 

The files of sequence data were imported into Sequencher V2.1.6 (Gene Codes, 

Ann Arbor, MI, USA). DNA sequences were trimmed and ambiguous calls were 

reviewed by two investigators independently. Trimmed sequences were aligned with the 
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revised Cambridge Reference Sequence (rCRS). [20]   DNA sequence variants from 

rCRS were exported and processed into standard SNP nomenclature using a script 

written in SAS v9.1.3 ™ (SAS Corp., Cary, NC, USA) . The SNP variants were 

processed into a file for import into HaploGrep™.  [40]  Haplogrep™-scored haplogroup 

values were exported and merged with the pedigree data for statistical analysis using 

SAS™. 

Two scripts were programmed using Oracle™ PL/SQL (Oracle Corp., Redwood, 

CA, USA). One to recursively query the pedigree database to discover the most distant 

maternal ancestor (or “Eve”) for each member of the direct cohort.    A second script 

was written to discover all the descendants of each “Eve” who share her mitochondrial 

DNA (Mitochondrial Relatives).  The mitochondrial relatives are potential members of 

the indirect cohort.  The haplogroup assigned to each member of the direct cohort 

member was ascribed to all their mitochondrial relatives. 

4.4.6 Analytic Methods 

Ate at death (or lifespan) was calculated as death year minus birth year.  Age at 

death was analyzed as a quantitative trait (mean, median, and time to death) using a 

Student’s t-test and proportional hazards model.  Secondarily age at death was 

analyzed as a categorical trait (before or after 80 years) using chi statistics from a 

contingency table and an odds ratio.  Each statistical test contrasted the ascribed 

Haplogroup J with all other haplogroups combined then stratified by sex and across 

time periods.  All statistical analyses were conducted in SAS™.  



 

63 
 

4.5 Results 

4.5.1 Pedigree Data 

This work presents the pedigree database with changes and additions to the 

database up to April 1, 2013. The database contained 37,315 individuals spanning birth 

years from 1511 to 2013.  We discovered 9,055 “Eves” in the pedigree database.  Of 

these female pedigree founders, 7,685/9,055 (86%) have shallow contributions to the 

pedigree database consisting of themselves and only one additional generation of 

descendants.  The remaining 1,750/9,055 (14%) female founders contributed more than 

two generations and accounted for 29,850/37,315 (80%) of the individuals in the 

pedigree.  

The majority of individuals in the pedigree database were born after 1930 (Figure 

4-1).  There is little difference in the ratio of males to females in any birth decade 

(Figure 4-1).  Individuals born between 1810 and 1909 had the highest proportion of 

recorded death dates (Figure 4-2).  In the 100 years between 1810 and 1909, 11,989 

individuals were born and 9,013 (76%) have a recorded death date.  It is highly unlikely 

that any individual born in this epoch still lives. Using this 100 year window we maximize 

the number of records to calculate age at death (or lifespan) while minimizing potential 

bias due to missing death dates.  
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Figure 4-1 Pedigree Individuals by Birth Decade and Sex (potential participants of 
indirect cohort).  

 

 

Figure 4-2: Percent of individuals with death date present by birth decade. 
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Of the 11,989 individuals born in the study time frame, 5,792 (49%) were female, 

6,116 (51%) were male, and 80 were of unknown sex nor was there a record of them as 

a parent.  Individuals without a recorded sex were ineligible for the indirect cohort.  

Significantly more males 4,741/6,116 (78%) have a death date recorded than females 

4,272/5,792 (74%) (p-value < 0.001). 

        Of the 9,013 individuals born between 1810 and 1909 who have a recorded death 

date, the median age at death was 74 years.  There are 831 deaths before age 20; and 

68 deaths after 100 (Figure 4-3). We removed the childhood deaths (before 20) from 

this study of adulthood lifespan.  We also removed the deaths over 120 because of poor 

data-quality suspicions.  The potential pool of individuals from pedigree space eligible 

for the indirect cohort was 8,172. 
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Figure 4-3: Distribution of age at death among pedigree members born between 1810 
and 1909 who have a death date documented.  

 

4.5.2 MDPL Recruitment 

        As of February 28, 2013, CoSAGE had 250 registry participants, each of whom 

was sent an MDPL study packet.  By June 1, 2013, 118 participants returned signed 

consent forms.  Of these participants, 101/118 were members of the extended pedigree, 

and 98 had available banked DNA samples.  

        Among the 98 eligible participants, there were 46 distinct maternal lineages (Eves).  

Of these lines, 32 were deeper than two generations. There were 18 deep maternal 

lines represented by more than one descendant. These lines could be used to validate 
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genotyping data. When multiple descendants of the same “Eve” were available, we 

chose the oldest participant to be the haplogroup-generating individual and the 

youngest to be the replicate sample.  The direct cohort was 32 individuals (19 women, 

13 men, median age = 66.5, age range 34-85). 

4.5.3 Indirect cohort 

        To assemble the indirect cohort, we used the Eve script to discover the maternal 

lines of the direct cohort.  We then discovered all mitochondrial relatives of the “Eves” 

represented in the direct cohort. With this approach, the indirect cohort consisted of the 

1,490 descendants born between 1810 and 1909 and for whom a death date and sex 

were recorded.    The indirect cohort was equally split between males and females. The 

sex of 16 individuals was unknown.  The average age at death was 72 (SD +/- 17) years 

old, with significant differences between men and women (70 +/- 16 versus 73 +/- 18; p-

value <0.001).  It is well-established that lifespan has increased over time.  This change 

was evident in our indirect cohort.  Individuals born in the first quarter-century died at an 

average age of 67 (+/-19) while those born in the last quarter century died at 73 (+/-16). 

(Figure 4-4)    The time-to-death curve showed that past the age of 55 there are more 

women alive than men (Figure 4-5) between 1810 and 1909.    
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Figure 4-4 Age at death of the Indirect cohort presented in various categories. 
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Figure 4-5: Time-to-death plot in men vs. women in indirect cohort (p-value <0.001) 
Hazard ratio = 1.517. For interpretation of the references to color in this and all other 
figures, the reader is referred to the electronic version of this dissertation 

 

4.5.4 Haplogroups  

       We successfully genotyped 31/32 samples of the direct cohort and 14 of the 

validation samples.(Table 4-1). All replicate samples matched the haplogroup 

assessments of the primary samples.  The distribution of the eight haplogroups followed 

an expected pattern for a European population [175]. Two samples were mt16189C 

within poly-c microsatellite.  These samples required a reverse sequence to fully ascribe 

their haplogroup. However, since our statistical contrasts are Haplogroup J versus all 

others and this haplogroup is mt16189T, the reverse sequencing was not done.           
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           The direct cohort had only one Haplogroup J thus one “Eve”.  This single Eve 

had 71 mitochondrial relatives born in the study century.  The Haplogroup J carriers in 

the indirect cohort were not born at regular intervals across the study century. (Figure 4-

6)    
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Table 4-3: Distribution of Haplogroups among the 31 genotyped samples 

Haplo-sub-group Number in 
Direct cohort Macro Group 

Mt16189C 2 16189C 
H1a1 2 H 
H1e1a1 1   
H1e1a4 1   

H2a2a 8   

H4a1a+195 1   

H6 2   
I 1 I 
J1c2 1 J 
K 1 K 
K2b2 1   
T1a 1 T 
T1a1'3 1   
T2 2   
T2a1b 1   
T2b 1   
U4a2 1 U 
U5a1 1   
U7 2   
Total 31   
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Figure 4-6: Haplogroup J carriers status by birth decade (indirect cohort). For 
interpretation of the references to color in this and all other figures, the reader is 
referred to the electronic version of this dissertation 
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4.5.5 Lifespan of Haplogroup J carriers in the indirect cohort 

        In the indirect cohort, we observed no significant difference in the proportion of 

individuals who are missing death date (7/87) 8% of Haplogroup J and  217/1,627 

(13%) of all other haplogroups (p-value=0.1537).   This result indicated the absence of 

potential differential bias of missing death dates with respect to Haplogroup J carrier 

status.  

The mean age at death among the Haplogroup J carriers was 72.1 (+/- 17) and 

among the non-J carriers it was 71.8 (+/- 17)   (p-value=0.875).  The male Haplogroup J 

carriers had an average age at death of 73 (+/- 13)  versus 69 (+/- 16) among the non-

carriers. In stark contrast, the women carriers had a younger age at death (71.4 +/- 21) 

than non-carriers (73.8 +/- 18); however neither difference was significant. (Figure 4.7)  

The uneven distribution of Haplogroup J carriers across the study century prevented an 

age at death analysis by carrier status across the quarter centuries 

 

 

 

 

 

 

. 
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Figure 4-7 Age at death by carrier status and sex.  

 
 

        Time-to-death curve showed that at no age between 20 and 100 was a greater 

proportion of Haplogroup J carriers alive than non-J carriers. (Figure 4-8) (Hazard ratio 

= 1.004; p-value=0.954).  However, when stratified by sex, there was a non-significant 

difference in age at death.  As foreshadowed by the differences in mean age at death, 

the time-to-death curves for men showed that for most ages between 20 and 100 there 

were more or just as many carriers alive until after 85.  (Figure 4-9).  This curve is the 

inverse among the women, where at most ages, there were fewer carriers alive than 

non-carriers until after 83. However, these differences are non-significant.  When 

displayed directly among carriers only, the time-to-death curve showed that before the 

age of 65 more of the haplogroup J carrier men were alive than women.  The inverse 
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was true after the age of 65 when more women than men were alive (among the 

carriers); however the difference is not significant.  

Figure 4-8: Time-to-death curve of Haplogroup J carriers vs. non-j carriers. Hazard ratio 
1.005). 

 

. 
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Figure 4-9 Time-to-death curve contrasting Haplogroup J carriers and non-carriers 
among women (n=31).  

 

 

 Among the Haplogroup J carriers 27/71 (38%) and 493/1,244 (40%) of the non-

carrier individuals died as octogenarians. Conversely, the proportion of carriers who 

died before 20 was 16/87 (18%) and among non-carriers 383/1,627 (24%). There was 

no significant difference in the proportion of the indirect cohort who died as children (p-

value=0.2682) or as octogenarians (p-value=0.7883) 

4.6 Discussion 

Using pedigree data and three metrics of lifespan (mean age at death, time to 

death and proportion of octogenarians), we found no difference in lifespan between 

Haplogroup J carriers and non-J carriers born between 1810 and 1909.  Although 24% 
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of the possible indirect cohort was missing a death date, we found no differential bias of 

death date reporting between Haplogroup J carriers and others.    

Although not significant, we found that Haplogroup J carrier men diee older than 

non-carrier men and Haplogroup J carrier women died younger than non-carrier 

women. Additionally we found that among carriers before the age 65 more men were 

alive than women.  This trend reversed after 65. 

These trends were similar to De Benedictis in 1998 [45] who presented more 

Haplogroup J carriers among the male centenarians from Northern Italy and no 

appreciable differences in rates in females or among southern Italians.  We showed in 

Chapter 3 that among definably European populations that older cases were more likely 

to be Haplogroup J carriers than younger controls. However inconsistent presentations 

of demographic data precluded pooled assessment of the De Benedictis male-female 

dimorphism as hinted in our data.  These time to death findings offer new insight into 

how more Haplogroup J carriers were present in groups of older cases and probably 

more pronounced among males.   

For argument sake, please consider that if women live longer than men, then a 

case-control study of old people as cases would include more women than men.  If the 

study were to use younger controls say younger than 65 there might be fewer 

haplogroup J females available as controls. Figure 4-10 demonstrates that beyond the 

age of 65, there were more women Haplogroup J carriers alive than men; however 

younger than 65 the opposite was true and around 65 the rates were similar. I postulate 

that the choice of age of controls, in the light of the evidence of Figure 4-11, created 
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artificially high or inconclusive odds-ratio estimates in cross-sectional studies.  If a study 

chooses controls considerably younger than 65 the odds-ratio would present carrier 

status as a risk factor.  Likewise, if the study chooses controls around 65, the odds ratio 

would be equivocal because the time-to-death curves cross each other at that age.  

Biology and genetics, aside, if Figure 4.10 is the true phenomena, then the choice of 

age of controls in cross-sectional studies creates an artifact in the true effect measure. 
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Figure 4-10 Time-to-death curve contrasting Haplogroup J carriers and non-carriers 
among men (n=39).  
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Figure 4-11: Time-to-death curve of Haplogroup J carrier men (n=39) versus women 
(n=31).  

 
 
 

This male-female dimorphism has overtones in the epidemiology of other 

mitochondrial diseases [176] like Leber’s hereditary optic neuropathy (LHON), caused 

by one of several heritable mtDNA mutations.  There are fewer female LHON patients 

than male. Nearly 85% of LHON cases are male. Yet there is no evidence that the 

causative mtDNA mutation rates differ by sex [177].     This observed male-female 

dimorphism of the LHON pathologic phenotype is counter-intuitive to the sex-specific 

benefit to Haplogroup J and the longevity benefit.  If one carries a LHON mutation it is 

harmful to be male; whereas our results hint at a benefit of being male if you are a 

Haplogroup J carrier. 
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One plausible biologic explanation of the dimorphism pivots on the fact that 

mtDNA is maternally inherited and encodes a small proportion (13 of 86) of the ETC 

polypeptide sub-units. This leaves 75 of 86 polypeptides encoded in nuclear genome. 

The 75 nuclear encoded ETC polypeptides traverse a complex path to find their way 

into a mitochondrion.  Most of the path is regulated by other nuclear encoded proteins.   

Epistasis between paternally inherited alleles of mitochondrial proteins might play a role 

in the male-female dimorphism. [10] [178] 

Despite the temptation, Occam’s razor, the lack of statistical significance and the 

solitary maternal Haplogroup J line in the MDPL caution against over interpretation.   
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CHAPTER 5: SUMMARY AND FUTURE DEVELOPMENT 

There is ample evidence that mitochondria play a role in cellular function and that 

loss of mitochondrial function is a hallmark of the aging phenotype.  We demonstrated 

that in cross-sectional studies among definably European populations older people are 

more likely by half to be carriers of Haplogroup J than other haplogroups. Historically, 

studies of maternal contributions to longevity or lifespan have used genealogical 

databases.  In this work we presented a study of the purported Haplogroup J 

association and lifespan in a genealogical context, but the association was not found.  

This chapter presents questions that future investigators might consider. 

The principal weakness of this study was incompleteness.  Despite our efforts at 

covering the full pedigree within CoSAGE, the MDPL recruitment effort was only able to 

cover 31 of an estimated 1,099 deep maternal lines in the pedigree.  Due to the MSU 

Institutional Review Board’s position, we were not able to directly approach members of 

the community and CoSAGE participants who would have given better coverage of the 

pedigree. Further, given the high degree of relatedness among the direct participants it 

is unlikely that all possible maternal lines are represented. In fact, in MDPL, 67% of the 

consented participants were unusable because they were duplicates within a maternal 

line.  Future studies of the Haplogroup J/Lifespan association should wait until the 

CoSAGE recruitment has a more complete documentable coverage of the pedigree.   A 

future study might be successful were it not saddled with a requirement for direct 

consent for an indirect cohort.  An improved approach would be to use the entire 

CoSAGE registry plus other studies of this population and direct approach to individuals 

who map to maternal lines covering more of the database.  However, even with the 
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improved approach, the observation that 1 of 32 samples in the direct cohort was 

Haplogroup J suggests that the CoSAGE population might be too isolated to contain 

sufficient Haplogroup J Eves to study the association. 

Samuels et al.[94] offers evidence that the cross-sectional approach of 

haplogroup studies must apply a sample size inflation factor when testing one group in 

the background of population.  The inflation factor increases the sample size required 

based on the odds ratio effect size estimate and the number of haplogroups in the 

background population.  The literature is silent on whether the time-to-event studies 

would use exactly the same inflation.  We postulate that a different formula would be 

required.  Future studies of the association in the chosen populations should investigate 

this important methodical venue and make necessary adjustments. 

Another future effort might be to assemble the original data behind the studies 

presented in Chapter 2 to assess whether the male-female dimorphism exists in all 

studies and was just over-looked.  Reassembling these source data might also assess 

whether the pooled odds ratio is affected by the age or sex of the controls as posited in 

Chapter 4.  

It seems clear that studying this association is best in an isolated population. 

Posing the question in the Amish or the population of Iceland would be a logical next 

step.  However, these populations might also be too isolated to contain sufficient 

Haplogroup J Eves and mitochondrial relatives to satisfy Samuel’s inflation factor .  

If the dataset were assembled of an isolated population with multiple maternal 

lines of Haplogroup J carriers, it would be prudent to build a model in which the f-value 
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or degree of relatedness of an individual’s parents could also be tested.   Testing the 

significance and effect of relatedness would help tease apart the nuclear components 

from the mitochondrial and lend evidence towards possible epistasis. 
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