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Paving the way while playing
catch up: mitochondrial genetics
in African ancestry primary
open-angle glaucoma

Grace Kuang, Rebecca Salowe and Joan O’Brien*

Penn Medicine Center for Genetics in Complex Disease, Scheie Eye Institute, University of
Pennsylvania Perelman School of Medicine, Philadelphia, PA, United States
Glaucoma, the leading cause of irreversible blindness worldwide,

disproportionately affects individuals of African descent. Specifically, previous

research has indicated that primary open-angle glaucoma (POAG), the most

common form of disease, is more prevalent, severe, early-onset, and rapidly-

progressive in populations of African ancestry. Recent studies have identified

genetic variations that may contribute to the greater burden of disease in this

population. In particular, mitochondrial genetics has emerged as a profoundly

influential factor in multiple neurodegenerative diseases, including POAG.

Several hypotheses explaining the underlying mechanisms of mitochondrial

genetic contribution to disease progression have been proposed, including

nuclear-mitochondrial gene mismatch. Exploring the fundamentals of

mitochondrial genetics and disease pathways within the understudied African

ancestry population can lead to groundbreaking advancements in the research

and clinical understanding of POAG. This article discusses the currently known

involvements of mitochondrial genetic factors in POAG, recent directions of

study, and potential future prospects in mitochondrial genetic studies in

individuals of African descent.

KEYWORDS

primary open-angle glaucoma, mitochondrial genetics, African ancestry,
neurodegeneration, perspective
1 Introduction

Glaucoma is an ophthalmic disease that leads to progressive severe vision loss, accounting

for the most common cause of irreversible blindness worldwide. Despite the robust and

extensive literature currently covering this disease, there inevitably continues to be gaps in the

depth and breadth of available research. This can be seen especially in areas surrounding

underserved and overaffected populations, such as individuals of African descent. Large

epidemiologic studies spanning multiple years have revealed the tangible health risks

inherently associated with being Black, including but not limited to higher prevalence rates

of systemic disease, premature onset of classically age-related conditions, unequal
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socioeconomic status, lower quality of life, and increased mortality risk

(1–3). Despite these known associations with increased burden of

disease as well as the resultant health and life consequences, individuals

with African ancestry continue to be frequently underrepresented in

research studies and trials (4). This can be seen across the spectrum of

medical research and care, including in the field of ophthalmology (5).

In the few studies on primary open-angle glaucoma (POAG) that

have centered around patients with African ancestry, unique aspects of

disease etiology have been uncovered. These include earlier age of

onset, more severe phenotypic presentations and outcomes, and more

rapid disease progression (6, 7). Many underlying age-independent risk

factors contributing to this accelerated disease process have been

suggested, including vascular dysregulation, increased intraocular

pressure (IOP), and thinner central corneal thickness (CCT) (8).

Additionally, studies have identified differences in genetic risk for

POAG between ancestry groups (9–12), which have become

increasingly highlighted as more evidence surrounding genotype-

phenotype connections emerge.

While nuclear DNA (nDNA) has traditionally remained in the

forefront of general scientific interest, the implications of mitochondrial

DNA (mtDNA) in disease processes has drawn growing attention in

the research sphere (13). For POAG, findings from previous studies

have suggested a role of mitochondrial dysfunction in the disease, such

as the high energy requirement of retinal ganglion cells, phenotypic

similarities to optic neuropathies caused by mtDNA mutations,

polymorphisms in nuclear genes that encode mitochondrial proteins,

and matrilineal bias in transmission (13–16). A combination of

increased attention to mtDNA, desire for elucidation of the genetic

contributors to POAG etiology, and call for enhanced research on

under-represented ancestry groups has created a focal point of interest

centered around mitochondrial genetic contributions to POAG in

individuals of African descent. Several studies have been published in

the recent decade reporting findings of distinctive mtDNA associations

with POAG and African genetics (17–19). Through these studies,

features of the mitochondrial genome have been reported in African

patients as well as other communities around the world containing

African lineages following the global African diaspora.

The discrepancy between novel findings identified in studies of

individuals with African ancestry coupled with a pervasive disparity in

baseline research foundations presents a thought-provoking point for

discussion and potential for improvement. The objectives of this

perspective article are to briefly summarize the background of

POAG pathogenesis in individuals of African ancestry, highlight the

current findings of POAG-associated mitochondrial genetics in this

population, call attention to the need for research focused on

understudied populations, and present future prospects in

mitochondrial genetic studies on this disease in individuals of

African descent.
2 Primary open-angle glaucoma

2.1 Disease background

POAG is estimated to affect 57.5 million individuals or 2.2% of

the global population worldwide (20). This number is expected to
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grow according to general epidemiologic trends of an aging

population and increased prevalence of risk factors contributory

to POAG (20). Risk factors that carry well-established associations

with the development and progression of POAG include increased

IOP, older age, hypertension, obstructive sleep apnea syndrome,

smoking, male sex, African ancestry, positive family history, and

genetics (20). By 2040, 111.8 million individuals worldwide are

estimated to be affected by POAG (20).

Patients can present at variable stages of the disease, from

clinically asymptomatic to peripheral vision field defects, which

can culminate in severe central vision loss. Because the disease is

typically asymptomatic in early stages, up to half of patients with

glaucoma remain undiagnosed, delaying treatment (21, 22).

Currently, the only treatable component of disease is elevated

IOP, and both medical and surgical therapeutic options are

available. However, high IOP is neither necessary nor sufficient to

develop POAG, as evidenced by a subset of POAG with no

measured IOP elevation called normal tension glaucoma (23).

Even in the setting of high IOP, IOP-lowering therapies have

limited success with approximately 30% of patients continuing to

experience disease progression despite adequate IOP control (24).

Furthermore, existing therapies cannot regenerate retinal ganglion

cells (RGCs), which are the primary cell type affected in POAG, or

restore visual capacity (25). These observations demonstrate the

presence of an unmet need for effective treatment modalities and

management of POAG.

Regardless of the severity, the broad effects of the disease and

consequential visual impairments present significant burdens on

the health, personal, societal, and economic factors of the affected

individual and society at large (26, 27). Significant impacts to

quality of life are noted even during early stages of disease, with

effects increasing as phenotypic severity progresses (26). The

financial burden of disease manifests as both direct (e.g.,

medication, doctor visits, transportation) and indirect (e.g. lost

productivity of patient and caregivers) costs to the patient and

healthcare system. Financial costs have also been shown to directly

relate to the duration, severity, and progression of the disease (26,

27). Additionally, these deleterious effects cannot be overlooked in

asymptomatic undiagnosed patients, as delayed diagnosis often

results in increased downstream consequences.

Regarding the background pathophysiology of glaucoma, many

pathways remain ill-defined. POAG is characterized by progressive

loss of RGCs, which are sensory neurons that collect all visual

information from the eye, transmit these stimuli through axons that

converge to form the optic nerve, and relay these signals to the brain

for further processing. Loss of RGC’s results in structural defects of

the optic nerve as well as function defects in signal transmission,

causing specific, irreversible changes to the visual fields. POAG is a

complex, multifactorial disease with many possible contributory

underlying etiologies noted in the literature. Many different

components of this disease have been proposed, including the

mechanical theory of elevated IOP causing structural

compression, variable IOP fluctuations throughout the day and

night, and intraocular-intracranial pressure differences causing a

stress-strain relationship across the lamina cribrosa (28–30).

Another recently proposed disease mechanism includes the
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vascular theory that suggests underlying retinal vascular

dysfunction predisposes the optic nerve to an insufficient blood

supply, increasing vulnerability to neurodegeneration in the setting

of additional stressors such as increased IOP (31).
2.2 Genetic background

POAG has a strong inherited component, but understanding of the

disease’s genetics remains incomplete. Both nuclear and mitochondrial

genes have been implicated in the many pathways contributing to

POAG pathoetiology. Multiple polymorphisms in the MYOC, OPA1,

OPTN, TBK1, WDR36, SRBD1, ELOVL5, CAV1/CAV2, and many

other genes have been found to be associated with POAG (8, 32, 33).

Suggested pathologic mechanisms resulting from these genetic

alterations include induced RGC apoptosis and elevations in IOP

(34). In the mitochondria, variants in the MT-CYB, MT-ND4, and

MT-ND5 genes as well as mitochondrial haplogroup K have also been

associated with POAG (35, 36). These mitochondrial variants have

been found to cause disturbances in lipid and carbohydrate

metabolism, oxidative stress regulation, and overall mitochondrial

integrity (34, 37). It is also important to note that the downstream

effects of nuclear and mitochondrial genes are not mutually exclusive.

Multiple previously identified nuclear genes related to the

pathoetiology of POAG have been found to have a shared

commonality of effect on mitochondrial structure and function (13).

Awareness of the impacts of mitochondrial genetic contributions to

POAG pathogenesis has steadily grown in recent years as genome-wide

association studies (GWAS) and other next-generation sequencing

techniques provide molecular evidence of associations. A cohort study

of patients with POAG that examined both nuclear and mitochondrial

variations found potentially pathogenic mtDNA changes in

approximately half of the cases but none of the control subjects (34).

In particular, mitochondrial function has been heavily implicated in

diseases of neurodegeneration, as the high energy requirements of neural

tissues require optimization of mitochondrial homeostasis (38). A

combination of nuclear genetics, mitochondrial genetics, and innate

characteristics of neural tissue are all suggestive of the close relationship

between the mitochondria and POAG pathogenesis.

Of note, many of these loci were identified in populations of

European or Asian ancestry and have a reduced or unknown roles

in individuals of African ancestry (9–12). For example, in five loci

(CDKN2B-AS1, TMCO1, CAV1/CAV2, chromosome 8q22, SIX1/

SIX6) that were previously identified to be associated with POAG in

Caucasian populations on a genome-wide scale, only select single

nucleotide polymorphisms (SNPs) in the CDKN2B-AS1 and SIX1/

SIX6 loci were found to be associated with African American POAG

samples (9). In this same study, no SNPs in any loci were

significantly associated with Ghanaian POAG samples (9). A

separate study of 15 SNPs of 15 loci (CDC-TGRFB3, TMCO1,

AFAP1, FOXC1, GMDS, CAV1/CAV2, chromosome 8q22,

CDKN2B-AS1, ABCA1, ARHGEF12, ATXN2, SIX6, PMM2, GAS7,

TXNRD2) previously associated with POAG in European and Asian

populations revealed no significant associations with Tanzanian,

South African, or African American POAG samples (10). However,

expanded analysis of SNPs in linkage disequilibrium demonstrated
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that the calculated combined genetic risk score of all 15 SNPs and

TXNRD2 (rs16984299) were significantly associated with the

African descent POAG samples (10). Thus, inclusion and

stratification of African-specific samples with consideration of

genetic heterogeneity is necessary to provide a more accurate

reflection the gene-disease associations in this population. Table 1

provides a summary of genetic associations with POAG and the

populations in which the association was discovered or replicated

with genome-wide significance.
3 Primary open-angle glaucoma in the
African ancestry population

3.1 Overaffected and understudied

The United States consistently leads in scientific research

funding, output, and clinical trials (48, 49). The United States is

also home to the second-largest (following Brazil) African diaspora

population with 47.2 million individuals, or approximately 14.2% of

the nation’s population (50, 51). Yet, there remains a disparity in the

extent to which African Americans are included and studied in the

scientific research of the nation. Research within this specific

population of African descendants also holds immense value due

to their highly heterogeneous nature stemming from a complex

history of African origins coupled with early admixture with

European and American populations (52). This unique genetic

diversity not only reflects the rich tapestry of African American

heritage but also presents a compelling opportunity for scientific

exploration in a research area with demonstrated need.

The impacts of POAG are particularly pronounced within

populations of African ancestry, who are over-affected both in

disease and health-related quality of life. In large epidemiologic

studies, prevalence of POAG was found to be four to six times

higher in African Americans (4-8%) compared to European

Americans (1-2%) with a six to eight times higher prevalence of

glaucoma-related blindness (8, 53, 54). Onset of the disease is also

estimated to be approximately 10 years earlier in Black individuals

compared to White individuals (55). In studies of patients in Ghana,

the prevalence of POAG at 30 years old was 6%, and 21% of patients

were 10-39 years old (56). These findings are in contrast to the average

onset of glaucoma beginning at 40 years old in Caucasian patients (57).

Glaucoma in the African descent population is also associated with

more severe phenotypes with poorer outcomes (6, 7). Damage to the

disc, retina, and visual field both at initial diagnosis and progression

with disease weremore significant in individuals of African descent (55,

56, 58). With the same elevated mean IOP levels and similar access to

care, African Americans were also more likely to present with more

severe visual field defects than European Americans (6). African

American individuals were also found to have more predisposing

risk factors, including thinner central corneas, elevated IOP’s, and

increased oxidative stress levels (8, 59, 60).

Despite increased severity at all stages of disease, individuals of

African descent remain underdiagnosed and undertreated for

POAG compared to their counterparts of the same national
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Table 1. Genome-wide associations with POAG and populations of study.

Article Populations Ancestry Genomic Regions SNP Allele Association

Thorleifsson et al.
(2010) (39)

European, Chinese European, Asian CAV1/CAV2 rs4236601 A POAG

Burdon et al. (2011)
(40)

Australian European CDKN2B-AS1 rs4977756 A OAG

TMCO1 rs4656461 G OAG

Osman et al. (2012)
(41)

Japanese Asian CDKN2A-CDKN2B rs1063192 T POAG

SIX6 rs10483727 T POAG

Wiggs et al. (2012)
(42)

Continental American European CDKN2BAS rs2157719 G POAG

SIX1/SIX6 rs10483727 A POAG

CDKN2BAS rs2157719 G NPG

Chromosome 8q22 probable
regulatory region

rs284489 G NPG

Liu et al. (2013) (9) African American African CDNK2B-AS1 rs10120688 A POAG

CDKN2B-AS1 rs10965245 A HPG

SIX1/SIX6 rs11849906 G NPG

Gharahkhani et al.
(2014)(43)

Australian, American European ABCA1 rs2472493 G POAG

AFAP1 rs4619890 G POAG

GMDS rs11969985 G POAG

Chen et al. (2014)
(44)

Chinese, Singaporean Chinese Asian ABCA1 rs2487032 A POAG

PMM2 rs3785176 G POAG

Li et al (2015) (45) Multiethnic Asian Asian FNDC3B rs4894796 G POAG

European, Asian, American,
Australian

Asian, African and
European

CDKN2B-AS1 rs2157719 G POAG

Asian, African and
European

CDC7-TGFBR3 rs1192415 G POAG

Springelkamp et al.
(2015) (46)

European, Australian European ARHGEF12 rs58073046 G POAG

Bailey et al. (2016)
(47)

Australian, American, European,
Singaporean Chinese

European, Asian TXNRD2 rs35934224 T POAG

ATXN2 rs7137828 T POAG

FOXC1 rs2745572 A POAG

Bonnemaijer et al.
(2018) (10)

African, African American African TXNRD2 rs16984299 C POAG

Gharahkhani et al.
(2021) (11)

Multiethnic multiancestral African,
European,
Asian

127 loci – – POAG

African, African American African subgroup IQGAP1 rs16944405 A POAG

Mitochondrial DNA

Banerjee et al.
(2013) (35)

Eastern Indian Eurasian MT-ND5 – – POAG

Collins et al. (2016)
(17)

African American African Haplogroups L1c2, L1c2b, and
L2

– – POAG

Collins et al. (2018)
(19)

African American African MT-CO1 rs879053914 A POAG

Gudiseva et al.
(2019) (18)

African American African Haplogroups non-L3 (L0, L1,
L2, and non-L)

– – POAG

(Continued)
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healthcare systems. African Americans presented to healthcare

services later and have an estimated 45% lower than expected rate

of glaucoma surgery (7, 54). In a large United States national study

utilizing Medicare data, African American patients recorded lower

utilization of outpatient visits and testing, but higher inpatient and

emergency department encounters, a result which persisted

following stratification by socioeconomic status (61). The racial

disparities in health outcomes contribute to the aforementioned

downstream burdens on quality of life.

This discrepancy between the population affected compared to the

population treated also applies to the realm of research studies. Many

of the background literature research that informs diagnostic and

therapeutic recommendations are lacking in adequate representation

from all affected race and ethnic groups. In a retrospective review of

United States clinical trials over the last two decades, the authors found

that minority race or ethnic group enrollment proportions were below

that of population census estimates (62). They also noted a wide

heterogeneity in the practice of enrollment and reporting across the

clinical trials. Twenty-one percent of trials reported no Black

participants, fewer than 44% of trials reported any data regarding

race or ethnicity, and fewer than 25% of trials reported data

encompassing all five major race and ethnicity groups (62). Notably,

this study also demonstrated that industry and academic funding were

negatively correlated with race or ethnicity reporting (62). In a study of

ophthalmology drug clinical trials specifically, the same finding of

underrepresentation in the expected distribution of minority racial and

ethnic groups was demonstrated (5).

Individuals of African descent face a disproportionately higher risk

of POAG onset, progression, severity, and health-related quality of life

burden (6–8, 53–56, 58). Yet, this same population is often

underrepresented in research studies aimed at understanding and

addressing this disease and related health conditions. This double

burden of being overaffected and understudied underscores the urgent

need for increased research and awareness to mitigate the impact of

glaucoma within this vulnerable population as well as improve overall

understanding of the disease.
3.2 Key mitochondrial genetic findings

As society at large continually seeks to improve diversity, equity,

and inclusion in all aspects of human interaction, the scientific

community is also called upon to identify and address areas of

improvement. Enhancing the representation of minority groups is a

critical next step to elevating the ethical standards of research and

science. In addition to this inherent value, exploring mitochondrial

genetic variation in African ancestry individuals has the potential to
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genetics in this population. This direction of study holds tremendous

potential for elucidating the mechanisms of underlying disease

pathogenesis, as well as identifying novel, precise therapeutic targets.

Populations of African descent are more genetically diverse

than those of non-African descent (63). Many historical and

environmental factors contribute to this diversity, including

demographic trends, migratory patterns, external pressures,

disease exposure, and natural selection (63). Phylogenetic analyses

of mtDNA haplogroups have localized the oldest mtDNA lineages

to African populations, with all humans having a maternal ancestry

tracing back to a single African mtDNA from 194,300 +/- 32,500

years ago (64). According to this finding, all human mitochondrial

genetic material is originally derived from distant African ancestry.

This shared genetic thread offers profound insights into a collective

biologic history. The study of African mitochondrial DNA samples

holds great value to enhance understanding of disease as well as

unlock novel targets for therapy. Thus, this past connection between

mitochondrial genetics and African heritage has potential

implications for present findings and future applications in all

individuals. As variants in mtDNA arose sequentially over

subsequent years, new distinct haplogroups sharing a common

lineage with the same genetic variants emerged, ultimately leading

to modern European and Asian mtDNA haplotypes (30, 63, 65). In

glaucoma, this genetic diversity can be seen in the difference in

prevalence rates amongst various communities of African ancestry,

with estimated prevalences of 1% in Nigeria, 8% in Ghana, 7-9% in

African-Caribbeans, and 4% in African-Americans (8).

The heterogeneity of African American genomes in particular,

containing both African origin and non-African branches of

mitochondrial lineages, creates unique opportunities for study within

the same sample. In genetic studies specific to African American

populations, researchers have found increased association of African

mtDNA haplogroups L1c2, L1c2b, and L2 in African American

patients with POAG (17). It is estimated that approximately 25% of

African Americans carry these haplogroups, contributing to the

population’s increased risk of POAG (17). These findings were

demonstrated in another study that showed certain African non-L3

mitochondrial haplogroups (L0, L1, L2, and non-L0) were associated

with higher POAG risk in males compared to the L3 haplogroup,

which serves as the major branching point for contemporary non-

African lineages (18). Additionally, the MT-CO1 V83I polymorphism,

which is found to be part of the previously mentioned African

haplogroups, was also found independently to be strongly associated

with POAG in African American males (19). Mitochondrial genetic

studies in the African American population in relation to POAG are

only now beginning to emerge (17–19). These initial findings of
Continued

Article Populations Ancestry Genomic Regions SNP Allele Association

Lo Faro et al. (2021)
(36)

Dutch European MT-ND4 rs2853496 A POAG

MT-CYB rs35788393 T POAG

Haplogroup K – – POAG
POAG, primary open-angle glaucoma; OAG, open-angle glaucoma; HPG, high-pressure glaucoma; NPG, normal-pressure glaucoma.
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association provide motivation for continued investigation into the

connections between African American mitochondrial genetics and

diseases of interest.
4 Challenges and future directions

Both social and scientific challenges contribute to the difficult task

of conducting genetic studies in the African American population.

Recruitment in clinical trials and basic science studies have been

affected by economic concerns, barriers to transportation access,

limited exposure to research, low education levels, mistrust in the

healthcare system, historical encounters with inequities, and

investigator bias (4). The Primary Open-Angle African American

Glaucoma Genetics (POAAGG) study successfully recruited over

10,200 individuals of African descent over a nine year period in the

city of Philadelphia to participate in genetic sampling. Interviews of

individuals participating in this study revealed common themes

influencing decisions to enroll. These include a desire to know

more about personal health, opportunity to contribute to the health

of others, and exposure to the study through a respected source in

their community (66). About one out of three of these respondents

mentioned past and current racial discrimination in medical research

contributing to their decision-making process (66). This study

reflected many of the social, environmental, and historical

considerations in the African American community when choosing

to participate in a medical research study. These concerns are further

magnified when the research involves genetic sampling and storage of

DNA samples. Future studies recruiting African Americans can

utilize targeted strategies to enhance enrollment results. These

include trusted collaborations with respected community partners,

combined enrollment with health care services, offers of economic

support for participation, and emphasizing potential to give back to

the community by improving health outcomes for future generations.

The admixed population and high heterogeneity of genetic

material in individuals of African descent provides interesting

opportunities for exploration. However, these also present distinct

challenges and higher requirements for research studies. High

genetic diversity results in less likelihood of reproducibility of

results, especially across institutions in different locales exposed to

different communities of African descent. This requires high

demands on sample size across locations (10). Even within a

single subgroup, increased genetic admixture requires extensive

genetic background data. African American mitochondrial data

often traces back to multiple African ethnic groups rather than a

single group or locale of ancestry. Only a small fraction of the

approximately 2000 African ethnic groups, especially sub-Saharan

groups, have been sampled for large-scale genetic studies of

genome-wide variations (63). In order for future studies to assess

study samples for variants and polymorphisms of interest,

representative data of the African gene pool needs to be

established to use as a comparison frame of reference.

Advancements are currently underway to expand the presence

of African populations in research studies across all disciplines.

Improvements have been made in enrollment of minority race and

ethnic group individuals in U.S. clinical trials over the past decades
Frontiers in Ophthalmology 06
although they are still underrepresented (62). Large-sample African

American genetic studies are beginning to emerge, such as the

POAAGG study containing 10,255 participants at the time of

writing (67).
5 Discussion

Research in African ancestry individuals presents a unique

dichotomy between discovery and retroaction. While many

exciting advances are being made, there are still prior gaps that

require amendment. Acknowledgement of this discrepancy can

help fuel discussions surrounding directions for improvement.

Improved sampling and databases across all locales are needed to

inform future studies of pathogenicity. The current direction of

research is moving towards increased awareness regarding the need

and value of African genetic study that is coupled with more

advanced and widely available genetic testing techniques. Residing

at the intersection point of these multiple general trends in the

current sphere of research, the future of African American

mitochondrial genetics in the study of POAG remains bright.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding author.
Author contributions

GK: Conceptualization, Writing – original draft. RS: Writing –

review & editing. JO: Funding acquisition, Supervision, Writing –

review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by the National Eye Institute, Bethesda, Maryland

(grant #1R01EY023557-01) and Vision Research Core Grant (P30

EY001583). Funds also come from the F.M. Kirby Foundation,

Research to Prevent Blindness, The UPenn Hospital Board of

Women Visitors, and The Paul and Evanina Bell Mackall

Foundation Trust. Support also came from Regeneron Genetics

Center, the Ophthalmology Department at the Perelman School of

Medicine, and the VA Hospital in Philadelphia, PA.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fopht.2023.1267119
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org


Kuang et al. 10.3389/fopht.2023.1267119
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Ophthalmology 07
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Franks P, Muennig P, Lubetkin E, Jia H. The burden of disease associated with
being African-American in the United States and the contribution of socio-economic
status. Soc Sci Med (2006) 62(10):2469–78. doi: 10.1016/j.socscimed.2005.10.035

2. Thorpe RJ Jr., Fesahazion RG, Parker L, Wilder T, Rooks RN, Bowie JV, et al.
Accelerated health declines among African Americans in the USA. J Urban Health
(2016) 93(5):808–19. doi: 10.1007/s11524-016-0075-4

3. Bell CN, Sacks TK, Thomas Tobin CS, Thorpe RJ Jr. Racial non-equivalence of
socioeconomic status and self-rated health among African Americans and whites. SSM
Popul Health (2020) 10:100561. doi: 10.1016/j.ssmph.2020.100561

4. Sharma A, Palaniappan L. Improving diversity in medical research. Nat Rev Dis
Primers. (2021) 7(1):74. doi: 10.1038/s41572-021-00316-8

5. Berkowitz ST, Groth SL, Gangaputra S, Patel S. Racial/ethnic disparities in
ophthalmology clinical trials resulting in US food and drug administration drug
approvals from 2000 to 2020. JAMA Ophthalmol (2021) 139(6):629–37. doi: 10.1001/
jamaophthalmol.2021.0857

6. Khachatryan N, Medeiros FA, Sharpsten L, Bowd C, Sample PA, Liebmann JM,
et al. The African Descent and Glaucoma Evaluation Study (ADAGES): predictors of
visual field damage in glaucoma suspects. Am J Ophthalmol (2015) 159(4):777–87.
doi: 10.1016/j.ajo.2015.01.011

7. Cook C. Glaucoma in Africa: size of the problem and possible solutions. J
Glaucoma (2009) 18(2):124–8. doi: 10.1097/IJG.0b013e318189158c

8. Leske MC. Open-angle glaucoma – an epidemiologic overview. Ophthalmic
Epidemio. (2007) 14(4):166–72. doi: 10.1080/09286580701501931

9. Liu Y, Hauser MA, Akafo SK, Qin X, Miura S, Gibson JR, et al. Investigation of
known genetic risk factors for primary open angle glaucoma in two populations of African
ancestry. Invest Ophthalmol Vis Sci (2013) 54(9):6248–54. doi: 10.1167/iovs.13-12779

10. Bonnemaijer PWM, Iglesias AI, Nadkarni GN, Sanyiwa AJ, Hassan HG, Cook C,
et al. Genome-wide association study of primary open-angle glaucoma in continental
and admixed African populations. Hum Genet (2018) 137(10):847–62. doi: 10.1007/
s00439-018-1943-7

11. Gharahkhani P, Jorgenson E, Hysi P, Khawaja AP, Pendergrass S, Han X, et al.
Genome-wide meta-analysis identifies 127 open-angle glaucoma loci with consistent effect
across ancestries. Nat Commun (2021) 12(1):1258. doi: 10.1038/s41467-020-20851-4

12. Hoffmann TJ, Tang H, Thornton TA, Caan B, Haan M, Millen AE, et al.
Genome-wide association and admixture analysis of glaucoma in the Women's Health
Initiative. Hum Mol Genet (2014) 23(24):6634–43. doi: 10.1093/hmg/ddu364

13. Lascaratos G, Garway-Heath DF, Willoughby CE, Chau KY, Schapira AH.
Mitochondrial dysfunction in glaucoma: understanding genetic influences.
Mitochondrion (2012) 12(2):202–12. doi: 10.1016/j.mito.2011.11.004

14. Lopez Sanchez MI, Crowston JG, Mackey DA, Trounce IA. Emerging
mitochondrial therapeutic targets in optic neuropathies. Pharmacol Ther (2016)
165:132–52. doi: 10.1016/j.pharmthera.2016.06.004

15. Kenney MC, Hertzog D, Chak G, Atilano SR, Khatibi N, Soe K, et al.
Mitochondrial DNA haplogroups confer differences in risk for age-related macular
degeneration: a case control study. BMC Med Genet (2013) 14:4. doi: 10.1186/1471-
2350-14-4

16. Nemesure B, Leske MC, He Q, Mendell N. Analyses of reported family history of
glaucoma: a preliminary investigation. The Barbados Eye Study Group. Ophthalmic
Epidemiol (1996) 3(3):135–41. doi: 10.3109/09286589609080119

17. Collins DW, Gudiseva HV, Trachtman B, Bowman AS, Sagaser A, Sankar P,
et al. Association of primary open-angle glaucoma with mitochondrial variants and
haplogroups common in African Americans. Mol Vis (2016) 22:454–71.

18. Gudiseva HV, Pistilli M, Salowe R, Singh LN, Collins DW, Cole B, et al. The
association of mitochondrial DNA haplogroups with POAG in African Americans. Exp
Eye Res (2019) 181:85–9. doi: 10.1016/j.exer.2019.01.015

19. Collins DW, Gudiseva HV, Chavali VRM, Trachtman B, Ramakrishnan M,
Merritt WT III, et al. The MT-CO1 V83I polymorphism is a risk factor for primary
open-angle glaucoma in African American men. Invest Ophthalmol Vis Sci (2018) 59
(5):1751–9. doi: 10.1167/iovs.17-23277

20. Allison K, Patel D, Alabi O. Epidemiology of glaucoma: the past, present, and
predictions for the future. Cureus (2020) 12(11):e11686. doi: 10.7759/cureus.11686

21. Quigley HA, Broman AT. The number of people with glaucoma worldwide in
2010 and 2020. Br J Ophthalmol (2006) 90(3):262–7. doi: 10.1136/bjo.2005.081224
22. Mitchell P, Smith W, Attebo K, Healey PR. Prevalence of open-angle glaucoma
in Australia. The Blue Mountains Eye Study. Ophthalmology (1996) 103(10):1661–9.
doi: 10.1016/s0161-6420(96)30449-1

23. Sommer A, Tielsch JM, Katz J, Quigley HA, Gottsch JD, Javitt J, et al.
Relationship between intraocular pressure and primary open angle glaucoma among
white and black Americans. The Baltimore Eye Survey. Arch Ophthalmol (1991) 109
(8):1090–5. doi: 10.1001/archopht.1991.01080080050026

24. Doucette LP, Rasnitsyn A, Seifi M, Walter MA. The interactions of genes, age,
and environment in glaucoma pathogenesis. Surv Ophthalmol (2015) 60(4):310–26.
doi: 10.1016/j.survophthal.2015.01.004

25. Laha B, Stafford BK, Huberman AD. Regenerating optic pathways from the eye
to the brain. Science (2017) 356(6342):1031–4. doi: 10.1126/science.aal5060

26. Varma R, Lee PP, Goldberg I, Kotak S. An assessment of the health and economic
burdens of glaucoma. Am J Ophthalmol (2011) 152(4):515–22. doi: 10.1016/j.ajo.2011.06.004

27. Shih V, Parekh M, Multani JK, McGuiness CB, Chen CC, Campbell JH, et al.
Clinical and economic burden of glaucoma by disease severity: A United States claims-
based analysis. Ophthalmol Glaucoma (2021) 4(5):490–503. doi: 10.1016/
j.ogla.2020.12.007

28. Davis BM, Crawley L, Pahlitzsch M, Javaid F, Cordeiro MF. Glaucoma: the retina
and beyond. Acta Neuropathol (2016) 132(6):807–26. doi: 10.1007/s00401-016-1609-2

29. Konstas AG, KahookMY, Araie M, Katsanos A, Quaranta L, Rossetti L, et al. Diurnal
and 24-h intraocular pressures in glaucoma: monitoring strategies and impact on prognosis
and treatment. Adv Ther (2018) 35(11):1775–804. doi: 10.1007/s12325-018-0812-z

30. Baneke AJ, Aubry J, Viswanathan AC, Plant GT. The role of intracranial
pressure in glaucoma and therapeutic implications. Eye (Lond) (2020) 34(1):178–91.
doi: 10.1038/s41433-019-0681-y

31. Chan KKW, Tang F, Tham CCY, Young AL, Cheung CY. Retinal vasculature in
glaucoma: a review. BMJ Open Ophthalmol (2017) 1(1):e000032. doi: 10.1136/
bmjophth-2016-000032

32. Fingert JH. Primary open-angle glaucoma genes. Eye (Lond) (2011) 25(5):587–
95. doi: 10.1038/eye.2011.97

33. Wiggs JL, Pasquale LR. Genetics of glaucoma. Hum Mol Genet (2017) 26(R1):
R21–r27. doi: 10.1093/hmg/ddx184

34. Abu-Amero KK, Morales J, Bosley TM. Mitochondrial abnormalities in patients
with primary open-angle glaucoma. Invest Ophthalmol Vis Sci (2006) 47(6):2533–41.
doi: 10.1167/iovs.05-1639

35. Banerjee D, Banerjee A, Mookherjee S, Vishal M, Mukhopadhyay A, Sen A, et al.
Mitochondrial genome analysis of primary open angle glaucoma patients. PloS One
(2013) 8(8):e70760. doi: 10.1371/journal.pone.0070760

36. Lo Faro V, Nolte IM, Ten Brink JB, Snieder H, Jansonius NM, Bergen AA.
Mitochondrial genome study identifies association between primary open-angle
glaucoma and variants in MT-CYB, MT-ND4 genes and haplogroups. Front Genet
(2021) 12:781189. doi: 10.3389/fgene.2021.781189

37. Khawaja AP, Cooke Bailey JN, Kang JH, Allingham RR, Hauser MA, Brilliant M,
et al. Assessing the association of mitochondrial genetic variation with primary open-
angle glaucoma using gene-set analyses. Invest Ophthalmol Vis Sci (2016) 57(11):5046–
52. doi: 10.1167/iovs.16-20017

38. Rango M, Bresolin N. Brain mitochondria, aging, and Parkinson's disease. Genes
(Basel) (2018) 9(5):1–9. doi: 10.3390/genes9050250

39. Thorleifsson G, Walters GB, Hewitt AW, Masson G, Helgason A, DeWan A,
et al. Common variants near CAV1 and CAV2 are associated with primary open-angle
glaucoma. Nat Genet (2010) 42(10):906–9. doi: 10.1038/ng.661

40. Burdon KP, Macgregor S, Hewitt AW, Sharma S, Chidlow G, Mills RA, et al.
Genome-wide association study identifies susceptibility loci for open angle glaucoma at
TMCO1 and CDKN2B-AS1. Nat Genet (2011) 43(6):574–8. doi: 10.1038/ng.824

41. Osman W, Low SK, Takahashi A, Kubo M, Nakamura Y. A genome-wide
association study in the Japanese population confirms 9p21 and 14q23 as susceptibility
loci for primary open angle glaucoma. Hum Mol Genet (2012) 21(12):2836–42.
doi: 10.1093/hmg/dds103

42. Wiggs JL, Yaspan BL, Hauser MA, Kang JH, Allingham RR, Olson LM, et al.
Common variants at 9p21 and 8q22 are associated with increased susceptibility to optic
nerve degeneration in glaucoma. PloS Genet (2012) 8(4):e1002654. doi: 10.1371/
journal.pgen.1002654
frontiersin.org

https://doi.org/10.1016/j.socscimed.2005.10.035
https://doi.org/10.1007/s11524-016-0075-4
https://doi.org/10.1016/j.ssmph.2020.100561
https://doi.org/10.1038/s41572-021-00316-8
https://doi.org/10.1001/jamaophthalmol.2021.0857
https://doi.org/10.1001/jamaophthalmol.2021.0857
https://doi.org/10.1016/j.ajo.2015.01.011
https://doi.org/10.1097/IJG.0b013e318189158c
https://doi.org/10.1080/09286580701501931
https://doi.org/10.1167/iovs.13-12779
https://doi.org/10.1007/s00439-018-1943-7
https://doi.org/10.1007/s00439-018-1943-7
https://doi.org/10.1038/s41467-020-20851-4
https://doi.org/10.1093/hmg/ddu364
https://doi.org/10.1016/j.mito.2011.11.004
https://doi.org/10.1016/j.pharmthera.2016.06.004
https://doi.org/10.1186/1471-2350-14-4
https://doi.org/10.1186/1471-2350-14-4
https://doi.org/10.3109/09286589609080119
https://doi.org/10.1016/j.exer.2019.01.015
https://doi.org/10.1167/iovs.17-23277
https://doi.org/10.7759/cureus.11686
https://doi.org/10.1136/bjo.2005.081224
https://doi.org/10.1016/s0161-6420(96)30449-1
https://doi.org/10.1001/archopht.1991.01080080050026
https://doi.org/10.1016/j.survophthal.2015.01.004
https://doi.org/10.1126/science.aal5060
https://doi.org/10.1016/j.ajo.2011.06.004
https://doi.org/10.1016/j.ogla.2020.12.007
https://doi.org/10.1016/j.ogla.2020.12.007
https://doi.org/10.1007/s00401-016-1609-2
https://doi.org/10.1007/s12325-018-0812-z
https://doi.org/10.1038/s41433-019-0681-y
https://doi.org/10.1136/bmjophth-2016-000032
https://doi.org/10.1136/bmjophth-2016-000032
https://doi.org/10.1038/eye.2011.97
https://doi.org/10.1093/hmg/ddx184
https://doi.org/10.1167/iovs.05-1639
https://doi.org/10.1371/journal.pone.0070760
https://doi.org/10.3389/fgene.2021.781189
https://doi.org/10.1167/iovs.16-20017
https://doi.org/10.3390/genes9050250
https://doi.org/10.1038/ng.661
https://doi.org/10.1038/ng.824
https://doi.org/10.1093/hmg/dds103
https://doi.org/10.1371/journal.pgen.1002654
https://doi.org/10.1371/journal.pgen.1002654
https://doi.org/10.3389/fopht.2023.1267119
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org


Kuang et al. 10.3389/fopht.2023.1267119
43. Gharahkhani P, Burdon KP, Fogarty R, Sharma S, Hewitt AW, Martin S, et al.
Common variants near ABCA1, AFAP1 and GMDS confer risk of primary open-angle
glaucoma. Nat Genet (2014) 46(10):1120–5. doi: 10.1038/ng.3079

44. Chen Y, Lin Y, Vithana EN, Jia L, Zuo X, Wong TY, et al. Common variants near
ABCA1 and in PMM2 are associated with primary open-angle glaucoma. Nat Genet
(2014) 46(10):1115–9. doi: 10.1038/ng.3078

45. Li Z, Allingham RR, Nakano M, Jia L, Chen Y, Ikeda Y, et al. A common variant
near TGFBR3 is associated with primary open angle glaucoma. Hum Mol Genet (2015)
24(13):3880–92. doi: 10.1093/hmg/ddv128

46. Springelkamp H, Iglesias AI, Cuellar-Partida G, Amin N, Burdon KP, van
Leeuwen EM, et al. ARHGEF12 influences the risk of glaucoma by increasing
intraocular pressure. Hum Mol Genet (2015) 24(9):2689–99. doi: 10.1093/hmg/ddv027

47. Bailey JN, Loomis SJ, Kang JH, Allingham RR, Gharahkhani P, Khor CC, et al.
Genome-wide association analysis identifies TXNRD2, ATXN2 and FOXC1 as susceptibility
loci for primary open-angle glaucoma. Nat Genet (2016) 48(2):189–94. doi: 10.1038/ng.3482

48. The ten leading countries in natural-sciences research. Nature (2020).
doi: 10.1038/d41586-020-01231-w

49. Drain PK, Parker RA, Robine M, Holmes KK, Bassett IV. Global migration of
clinical research during the era of trial registration. PLoS One (2018) 13(2):e0192413.
doi: 10.1371/journal.pone.0192413

50. Migiro G.Where is the African diaspora?Montreal, Canada: WorldAtlas (2018).

51. Moslimani M, Tamir C, Budiman A, Noe-Bustamante L, Mora L. Facts about the
U.S. Black population (2023). Available at: https://www.pewresearch.org/social-trends/
fact-sheet/facts-about-the-us-black-population/.

52. Bryc K, Durand EY, Macpherson JM, Reich D, Mountain JL. The genetic
ancestry of African Americans, Latinos, and European Americans across the United
States. Am J Hum Genet (2015) 96(1):37–53. doi: 10.1016/j.ajhg.2014.11.010

53. Tielsch JM, Sommer A, Katz J, Royall RM, Quigley HA, Javitt J. Racial variations
in the prevalence of primary open-angle glaucoma. The Baltimore Eye Survey. JAMA
(1991) 266(3):369–74.

54. Javitt JC, McBean AM, Nicholson GA, Babish JD, Warren JL, Krakauer H.
Undertreatment of glaucoma among black Americans. N Engl J Med (1991) 325
(20):1418–22. doi: 10.1056/nejm199111143252005

55. Wilson R, Richardson TM, Hertzmark E, Grant WM. Race as a risk factor for
progressive glaucomatous damage. Ann Ophthalmol (1985) 17(10):653–9.
Frontiers in Ophthalmology 08
56. Ntim-Amponsah CT, Amoaku WM, Ofosu-Amaah S, Ewusi RK, Idirisuriya-
Khair R, Nyatepe-Coo E, et al. Prevalence of glaucoma in an African population. Eye
(Lond) (2004) 18(5):491–7. doi: 10.1038/sj.eye.6700674

57. Tuck MW, Crick RP. The age distribution of primary open angle glaucoma.
Ophthalmic Epidemiol. (1998) 5(4):173–83. doi: 10.1076/opep.5.4.173.4192

58. Salowe RJ, Chen Y, Zenebe-Gete S, Lee R, Gudiseva HV, Di Rosa I, et al. Risk
factors for structural and functional progression of primary open-angle glaucoma in an
African ancestry cohort. BMJ Open Ophthalmol (2023) 8(1):1–9. doi: 10.1136/
bmjophth-2022-001120

59. Siegfried CJ, Shui YB. Racial disparities in glaucoma: from epidemiology to
pathophysiology. Mo Med (2022) 119(1):49–54.

60. Salowe R, Salinas J, Farbman NH, Mohammed A, Warren JZ, Rhodes A, et al.
Primary open-angle glaucoma in individuals of african descent: A review of risk factors.
J Clin Exp Ophthalmol (2015) 6(4):1–6. doi: 10.4172/2155-9570.1000450

61. Halawa OA, Kolli A, Oh G, Mitchell WG, Glynn RJ, Kim DH, et al. Racial and
socioeconomic differences in eye care utilization among medicare beneficiaries with
glaucoma. Ophthalmology (2022) 129(4):397–405. doi: 10.1016/j.ophtha.2021.09.022

62. Turner BE, Steinberg JR, Weeks BT, Rodriguez F, Cullen MR. Race/ethnicity
reporting and representation in US clinical trials: a cohort study. Lancet Reg Health Am
(2022) 11:1–12. doi: 10.1016/j.lana.2022.100252

63. Campbell MC, Tishkoff SA. African genetic diversity: implications for human
demographic history, modern human origins, and complex disease mapping. Annu Rev
Genomics Hum Genet (2008) 9:403–33. doi: 10.1146/annurev.genom.9.081307.164258

64. Gonder MK, Mortensen HM, Reed FA, de Sousa A, Tishkoff SA. Whole-mtDNA
genome sequence analysis of ancient African lineages. Mol Biol Evol (2007) 24(3):757–
68. doi: 10.1093/molbev/msl209

65. Rosa A, Brehem A. African human mtDNA phylogeography at-a-glance. J
Anthropol Sci (2011) 89:25–58. doi: 10.4436/jass.89006

66. Kikut A, Sanyal M, Vaughn M, Ridley-Merriweather KE, Head K, Salowe R, et al.
Learning from black/African American participants: applying the integrated behavioral
model to assess recruitment strategies for a glaucoma genetic study. Health Commun
(2022) 37(4):515–24. doi: 10.1080/10410236.2020.1853897

67. Mamidipaka A, Di Rosa I, Lee R, Zhu Y, Chen Y, Salowe R, et al. Factors
associated with large cup-to-disc ratio and blindness in the primary open-angle African
American glaucoma genetics (POAAGG) study. Genes (2023) 14(9):1809. doi: 10.3390/
genes14091809
frontiersin.org

https://doi.org/10.1038/ng.3079
https://doi.org/10.1038/ng.3078
https://doi.org/10.1093/hmg/ddv128
https://doi.org/10.1093/hmg/ddv027
https://doi.org/10.1038/ng.3482
https://doi.org/10.1038/d41586-020-01231-w
https://doi.org/10.1371/journal.pone.0192413
https://www.pewresearch.org/social-trends/fact-sheet/facts-about-the-us-black-population/
https://www.pewresearch.org/social-trends/fact-sheet/facts-about-the-us-black-population/
https://doi.org/10.1016/j.ajhg.2014.11.010
https://doi.org/10.1056/nejm199111143252005
https://doi.org/10.1038/sj.eye.6700674
https://doi.org/10.1076/opep.5.4.173.4192
https://doi.org/10.1136/bmjophth-2022-001120
https://doi.org/10.1136/bmjophth-2022-001120
https://doi.org/10.4172/2155-9570.1000450
https://doi.org/10.1016/j.ophtha.2021.09.022
https://doi.org/10.1016/j.lana.2022.100252
https://doi.org/10.1146/annurev.genom.9.081307.164258
https://doi.org/10.1093/molbev/msl209
https://doi.org/10.4436/jass.89006
https://doi.org/10.1080/10410236.2020.1853897
https://doi.org/10.3390/genes14091809
https://doi.org/10.3390/genes14091809
https://doi.org/10.3389/fopht.2023.1267119
https://www.frontiersin.org/journals/ophthalmology
https://www.frontiersin.org

	Paving the way while playing catch up: mitochondrial genetics in African ancestry primary open-angle glaucoma
	1 Introduction
	2 Primary open-angle glaucoma
	2.1 Disease background
	2.2 Genetic background

	3 Primary open-angle glaucoma in the African ancestry population
	3.1 Overaffected and understudied
	3.2 Key mitochondrial genetic findings

	4 Challenges and future directions
	5 Discussion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


