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Abstract

Background: Whether apolipoprotein E (APOE) E4 allele status which is associated with an increased risk of cognitive decline is
also associated with hearing impairment is unknown. Methods: We studied 1833 men and women enrolled in the Health, Aging
and Body Composition study. Regression models adjusted for demographic and cardiovascular risk factors were used to assess
the cross-sectional association of APOE-E4 status with individual pure tone hearing thresholds and the 4-frequency pure tone
average (0.5-4 kHz) in the better hearing ear. Results: Compared to participants with no APOE-E4 alleles, participants with
| allele had better thresholds at 4.0 kHz (B = —2.72 dB, P = .013) and 8.0 kHz ( = —3.05 kHz, P = .006), and participants with
2 alleles had better hearing thresholds at 1.0 kHz (3 = —8.56 dB, P = .021). Conclusion: Our results suggest that APOE-E4
allele status may be marginally associated with better hearing thresholds in older adults.
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Introduction structure, and/or cognitive load.! It is unknown whether apoli-
poprotein E (APOE) E4 allele status which is strongly associ-
ated with an elevated risk of cognitive decline and dementia®
is also associated with hearing loss. Only 2 prior studies have
investigated the association of APOE genotype, a 299-residue
plasma protein existing as 3 alleles (E2, E3, and E4), with hear-
ing thresholds, and these studies have produced conflicting
results (Table 1). The Leiden 85-plus study by Kurniawan

In epidemiologic studies, hearing loss in older adults has been
found to be independently associated with the risk of cognitive
decline,' incident dementia,>> decline in physical function,”*
gait speed,’ increase in falls,® and smaller social network.’
Potential mechanistic pathways underlying this association
include the effects of hearing loss on social isolation, brain
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Table I. Characteristics of Prior Studies Investigating the Association of Hearing Loss and APOE-E4 Allele Status.

Cohort Analytic Sample Study Objective Findings
Kurniawan et al’  Leiden 85 435 Hearing thresholds by E4 (—/-) E4 (-+/-) E4(+/+)
plus study APOE-E allele status
48.9 dB loss 51.0 dB loss 56.1 dB loss
(n=6) (n=89) (n = 340)
O’Grady et al'® Convenience 89 Observed versus expected allele No association of E4 Allele and hearing loss
sample frequencies by severity (n = 18 E4 alleles)

of hearing loss

Abbreviations: APOE-E4, apolipoprotein E E4 allele; E4 (—/—), individuals with O E4 alleles; E4 (—/+), individuals with | E4 allele; E4 (+/+), individuals with 2

E4 alleles.

et al’ demonstrated that individuals homozygous for APOE-E4
(n = 6) had poorer hearing than individuals with only 1 or 0
APOE-E4 alleles.” In contrast, O’Grady et al'® demonstrated
that the E4 allele was less likely to be observed in participants
with sensorineural hearing loss than that of the general popula-
tion.® In this study, we analyze data on APOE-E4 status and
audiometric hearing thresholds from participants followed in
the Health, Aging and Body Composition (Health ABC) study
to investigate whether the E4 allele is independently associated
with hearing thresholds.

Methods

Study Population

The Health ABC study is a prospective observational study that
enrolled 3075 well-functioning, community-dwelling partici-
pants aged 70 to 79 years starting in 1997 to 1998. Study par-
ticipants were recruited from a random sample of white
Medicare beneficiaries and all eligible black race/ethnicity liv-
ing within a 1-hour drive from the examination site in the cities
of Pittsburgh, Pennsylvania, and Memphis, Tennessee. Partici-
pants were excluded if they reported a history of active treat-
ment for cancer in the previous 3 years, planned to move out
of the study area within the next 3 years, or were currently par-
ticipating in a lifestyle intervention trial. To be eligible, parti-
cipants had to report no difficulty with walking a quarter mile,
climbing 10 steps without resting, or performing basic activi-
ties of daily living. Race was restricted to white and black indi-
viduals because one of the original study objectives was to
examine race differences in body composition parameters, and
there were insufficient resources to recruit additional races or
ethnicities.

DNA testing for APOE was performed at study enrollment
inyear 1 (n =2909), and of those participants, 2089 individuals
underwent audiometric testing at their year 5 follow-up. Vari-
ous causes (eg, attrition from death [n = 263], refused/unable
[n = 89], no clinical visit in year 5 [n = 437], other [n =
31]) prevented some participants enrolled at baseline from
receiving audiometric testing in year 5. We then excluded par-
ticipants with missing covariate data (n = 59) and individuals
with a Modified Mini-Mental Status (3MS) <80 (n = 197). Our

final analytic cohort was comprised of 1833 participants with
complete data and no evidence of cognitive impairment
defined by a (3MS) >80. All study participants signed a written
informed consent, and this study was approved by the institu-
tional review boards at each respective study site.

Apolipoprotein E

Complete APOE genotypes were obtained using standard
single-nucleotide polymorphism techniques by Bioserve, Ltd.
(Laurel, Maryland). Participants were defined as having no
E4 alleles (homozygote E4 negative), 1 E4 allele (heterozygote
E4 positive), and 2 E4 alleles (homozygote E4 positive) based
on genotype.

Audiometry

Air-conduction pure tone hearing thresholds were obtained at
octave frequencies from .25 through 8 kHz using standard audio-
metric testing procedures (ANSI, 1978, New York). The testing
was completed with an audiometer (Maico MA40, Maico
Diagnostic) and supra-aural earphones (TDH 39, Telephonics
Corporation) with the participant seated in a sound-attenuating
booth and the examiner outside the booth. Both the audiometer
and booth met prevailing ANSI standards for threshold testing.
The thresholds were recorded in decibels hearing level (dB
HL), and a 4-frequency pure tone average (PTA) of hearing
thresholds obtained at 0.5, 1, 2, and 4 kHz was calculated for the
better hearing ear.

Other Covariates

At enrollment, participants reported their age, sex, race, and edu-
cational history. Prespecified algorithms based on both self-
report and physician diagnoses, recorded medications, and
laboratory data were used to define the presence of hypertension
(based on clinic measure, medications, or self-report) and dia-
betes mellitus (based on fasting blood glucose level, medications,
or self-report) in year 5 of the study. Stroke history and smoking
status (current/former/never) were based on interviewer-
administered questionnaires. Serum fasting total cholesterol
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Table 2. Demographic and Clinical Characteristics of Baseline (Year 5) Study Cohort by Apolipoprotein E Allele Status.?

Characteristic E4 (—/—)° n = 1340 E4 (+/-)° n = 470 E4 (+/+)° n = 23 P Value
Site

Memphis 598 (44.6) 228 (48.5) 10 (43.5) .34

Pittsburgh 742 (55.4) 242 (51.5) 13 (56.5)

Female 687 (51.3) 257 (54.7) Il (47.8) .39

Age, mean (SD), year 77.5 (2.9) 77.1 (2.7) 76.5 (2.5) .02
Race

White 970 (72.4) 276 (58.7) 12 (52.2)

Black 370 (27.6) 194 (41.3) 11 (47.8) <.001

Diabetes 241 (18.0) 84 (17.9) 3 (13.0) .92
Smoking

Current 73 (5.5) 28 (6.0) 0 (0) .89

Former 667 (49.8) 230 (48.9) Il (47.8)

Never 600 (44.8) 212 (45.1) 12 (52.2)

Hypertension 1043 (77.8) 356 (75.7) 18 (78.3) .67

Stroke 113 (8.4) 40 (8.5) 0 (0) A5
Education

Less than high school 211 (15.8) 93 (19.8) | (4.4) .03

High school 451 (33.7) 173 (36.8) 8 (34.8)

Postsecondary 678 (50.6) 204 (43.4) 14 (60.9)

Total fasting cholesterol (SD), mg/dL year | 202.3 (38.0) 207.0 (38.9) 215.7 (49.7) .02

Abbreviations: SD, standard deviation; E4 (—/—), individuals with 0 E4 alleles; E4 (—/+), individuals with | E4 allele; E4 (-/+), individuals with 2 E4 alleles.

? Health, Aging and Body Composition Study; n = 1833.
B All values are expressed as N (%) of participants unless otherwise indicated.

Table 3. Observed and Expected APOE allele Frequency in Participants Compared to General Population.?

E2 E3 E4 P value
Observed?® 322 (0.09) 2828 (0.77) 516 (0.14) .086
Expectedb 293.3 (0.08) 2822.8 (0.77) 549.9 (0.15)

Abbreviation: APOE, apolipoprotein E.

 All values are expressed as No. (%) of participants. Observed frequencies may not equal 100% due to rounding. General population established allele frequencies

of 0.08 for E2, 0.77 for E3, and 0.15 for E4.°

(mg/dL) was measured in year 1 on acommercially available ana-
lyzer (Vitrox 950, Johnson & Johnson, New Jersey).

Statistical Analyses

All participants were categorized according to the number of
APOE-E4 alleles in their genotype, and those with no APOE-
E4 alleles were considered the reference group for all compar-
isons. Associations between APOE status and continuous
covariates were explored using the Kruskal Wallis test, and
associations with categorical covariates were explored using
Fisher’s exact test. Observed allele frequencies were compared
to established population allele frequencies using a chi-square
test. Average, adjusted hearing thresholds across 0.5 to 8 kHz
range were modeled using profile analysis with an unstructured
covariance matrix. These frequencies were selected because
they are considered the most important for spoken language
(0.5-4 kHz), with the addition of 1 high frequency known to
have variance in older persons (8 kHz). Profile analysis models
were used to create covariate-adjusted mean audiograms for
each group. Multiple linear regression using robust regression

models was used to investigate the association of APOE sta-
tus and the 4-frequency PTA in the better hearing ear. Pro-
file analysis and multiple linear regression models were
adjusted for age, demographic (sex, education, and race),
and cardiovascular risk factors (fasting total cholesterol at
baseline and smoking status and history of hypertension, dia-
betes, and stroke). Sensitivity analyses were then performed
with results stratified by race and sex, demographic character-
istics strongly associated with hearing loss. Regression model
assumptions were verified using diagnostic plots. Significance
testing for all analyses was conducted using 2-sided tests with
a type I error of .05. All analyses were conducted using SAS,
version 9.2 (SAS Institute Inc Cary, North Carolina).

Results

At baseline, participants with 2 APOE-E4 alleles were more
likely to be younger, black, have postsecondary education, and
have higher total fasting cholesterol levels compared to partici-
pants with 0 or 1 APOE-E4 allele (Table 2). Observed and
expected APOE allele frequency distributions in participants
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Figure |. Better ear mean audiograms by E4 allele status. Error bars
correspond to 95% confidence intervals. Adjusted for age, sex, race,
education, study site, diabetes, smoking status, hypertension, stroke,
and total fasting cholesterol.

did not significantly differ from established general population
allele frequency distributions (Table 3).

Mean hearing thresholds in the better ear at each pure tone
frequency according to APOE-E4 allele status were compared
using mixed effects models (Figure 1). Compared to partici-
pants with no E4 alleles, participants with 1 allele had better
thresholds at 4.0 kHz ( = —2.72 dB, P = .013) and 8.0 kHz
(B = —3.05 kHz, P = .006), and participants with 2 alleles had
better hearing thresholds at 1.0 kHz (f = —8.56 dB, P = .021;
able 4). Results stratified by race and sex demonstrated similar
results with greater number of E4 alleles generally being asso-
ciated with marginally better hearing thresholds (Table 4).

Analyses using the 4-frequency pure tone average demon-
strated no significant differences in the average PTA in individ-
uals with 1 allele (B = —0.32 dB, 95% confidence interval [CI]:
—1.61-0.9 dB, P = .63) or 2 alleles (B = —3.53 dB, 95% CI
—8.54-1.50 dB, P = .17) compared to participants with 0 E4
alleles in fully adjusted models. Analyses stratified by race
and sex also demonstrated similar findings (data not shown),
except that among black participants, those with 2 E4 alleles
had better average PTA compared to participants with 0 E4
alleles (B = —7.06 dB, 95% CI: —13.76 to —0.36 dB, P = .04).
Finally, we conducted a sensitivity analysis to investigate whether
excluding individuals with cognitive impairment at year 5 (3MS
score < 80) may have biased our results. In this analysis
that included all participants regardless of 3MS score in year 5
(n = 2030), our findings were substantively unchanged (mean
PTA difference compared to 0 E4 alleles [n = 1452]; 1 allele
(In = 544] B = —0.54, 95% CIL: —1.76-0.68, P = .39); and 2
alleles ([n = 34] p = —3.83, 95% CI: —8.00-0.33, P = .07).

Discussion

Our findings suggest that APOE-E4 allele status may be mar-
ginally associated with better hearing thresholds in older
adults. Compared to individuals with 0 APOE-E4 alleles, those
individuals with 1 or 2 APOE-E4 alleles generally had slightly
better hearing thresholds in a dose-dependent manner though
many comparisons did not reach significance. These results
must be interpreted with caution, however, given that few par-
ticipants (n = 23, 1.3%) were homozygous for APOE-E4.
Overall, these findings indicate that APOE-E4 status may be
associated with better hearing function among older adults
without cognitive impairment and indirectly suggests that
APOE-E4 allele status would be unlikely to appreciably con-
found the association of hearing loss with impaired cognitive
functioning that has been observed in prior epidemiologic
studies.

Two previous studies investigated the association of APOE-
E4 allele status with hearing thresholds. The Leiden 85-plus
study by Kurniawan et al® demonstrated that individuals homo-
zygous for APOE-E4 had poorer hearing (mean 56.1 dB PTA at
1, 2, and 4 kHz) than individuals with only 1 (mean 51.0 dB
PTA) or 0 (mean 48.9 dB PTA) APOE-E4 alleles.'® However,
this association was primarily driven by a very small number of
participants with 2 APOE-E4 alleles (n = 6) and, therefore,
should be interpreted with caution. Another possible limitation
of the Kurniawan et al’s study” is that hearing testing was per-
formed during home visits with a portable audiometer without
a sound attenuating booth. Hearing thresholds gathered under
such conditions can markedly vary depending on the level of
ambient noise and the testing environment which would likely
be different from household to household. In another study
with conflicting results, O’Grady et al'® demonstrated in a con-
venience sample of outpatient clinic participants that the
APOE-E4 allele was less likely to be observed in participants
with sensorineural hearing loss than the general population.'!
However, these results were also based on a small sample of
individuals (n = 89).

Our results suggest a weak protective association between
APOE-E4 allele status and hearing thresholds in the mid to
high frequencies in older adults. One explanation for this find-
ing is that there was a higher proportion of black participants
having at least 1 APOE-E4 allele, and the odds of hearing loss
have been observed to be substantially lower in black individ-
uals (possibly because of a protective effect of melanin in the
cochlea).'? Individuals with 2 APOE-E4 alleles in our cohort
may also reflect healthy survivors with better overall health
and hence better hearing thresholds. Indeed, these individuals
had a lower prevalence of smoking and stroke and higher edu-
cation levels than participants with 0 or 1 APOE-E4 allele.
Although we accounted for these factors in our analyses
through adjustment or stratification, we are unable to exclude
the possibility of residual confounding as potentially underly-
ing the protective association observed between APOE-E4
and hearing thresholds. A plausible biological mechanism
through which APOE-E4 allele status would promote better
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auditory function in the cochlea is unknown. Overall, we
believe that the contribution of the APOE-E4 allele to better
hearing thresholds in older adults is likely to be very modest
at best.

Strengths of our study include the availability of a relatively
large cohort of older adults who had audiometric assessments
performed under standardized conditions in a sound attenuating
booth and the ability to account for multiple potential confoun-
ders and effect modifiers in our analyses. The primary study
limitation is the relatively few participants with 2 APOE-E4
alleles (n = 23, 1.3%) versus approximately 2.2% in the
general population® and hence our results may not be general-
izable. One explanation may be that well-functioning commu-
nity individuals were recruited for study participation, thus
possibly excluding individuals with 2 APOE-E4 alleles who
may be predisposed to early onset dementia and other health
issues. Hearing thresholds were also measured only once and
therefore, we could not estimate the potential association
between APOE-E4 allele status and trajectories of hearing
decline. Finally, we had no additional information on the pos-
sible etiology of hearing loss for study participants. However,
we believe that it is unlikely that these limitations would sub-
stantially bias our findings.

In summary, our results suggest that APOE-E4 allele status
may be weakly associated with better hearing thresholds in
older adults. Future investigations in cohort studies with long-
itudinal data on hearing thresholds will allow for a better under-
standing of how APOE-E4 allele status may be associated with
declines in hearing function over time.

Authors’ Note

All authors contributed to the study concept and design, analysis and
interpretation of data, and preparation of the final manuscript.

Declaration of Conflicting Interests

The authors declared the following potential conflicts of interest with
respect to the research, authorship, and/or publication of this article.
Dr. Lin reports being a consultant to Pfizer, Cochlear Corp, &
Autifony, serves on the scientific advisory board for Autifony, and has
been a speaker for Amplifon & Cochlear Corp. Sheila Pratt was sup-
ported with resources and the use of facilities at the VA Pittsburgh
Healthcare System, Pittsburgh, PA.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: Dr. Lin was
supported by a grant from the National Institute On Deafness and
Other Communication Disorders (K23DC011279), by the Triological
Society/American College of Surgeons Clinician Scientist Award,

and the Eleanor Schwartz Charitable Foundation. This research
was supported by National Institute on Aging (NIA) Contracts
NO01-AG-6-2101; NO1-AG-6-2103; NO1-AG-6-2106; NIA grant
RO1-AG028050, and NINR grant RO1-NR012459.This research
was supported in part by the Intramural Research Program of the
NIH, National Institute on Aging. Dr. Pratt was supported with
resources and the use of facilities at the Veteran Affairs Pittsburgh
Healthcare System, Pittsburgh, Pennsylvania.

References

1. Lin FR, Yaffe K, Xia J, et al. Hearing loss and cognitive decline in
older adults. JAMA Intern Med. 2013;173(4):293-299.

2. Gallacher J, [lubaera V, Ben-Shlomo Y, et al. Auditory threshold,
phonologic demand, and incident dementia. Neurology. 2012;
79(15):1583-1590.

3. Lin FR, Metter EJ, O’Brien RJ, Resnick SM, Zonderman AB,
Ferrucci L. Hearing loss and incident dementia. Arch Neurol.
2011;68(2):214-220.

4. Loprinzi PD, Smit E, Lin FR, Gilham B, Ramulu PY.
Accelerometer-assessed physical activity and objectively deter-
mine dual sensory impairment in US adults. [published online
ahead of print June 7 2013] May Clin Proc 2013; http://www.
mayoclinicproceedings.org/current. Accessed June 10, 2013.

5. Li L, Simonsick EM, Ferrucci L, Lin FR. Hearing loss and gait
speed among older adults in the United States. Gait Posture.
2013;38(1):25-29.

6. Lin FR, Ferrucci L. Hearing loss and falls among older adults in
the United States. Arch Intern Med. 2012;172(4):369-371.

7. Kramer SE, Kapteyn TS, Kuik DJ, Deeg DJH. The association of
hearing impairment and chronic diseases with psychosocial health
status in older age. J Aging Health. 2002;14(1):122-137.

8. Plassman BL, Williams JW Jr, Burke JR, Holsinger T, Benjamin
S. Systemic Review: factors associated with risk for and possible
prevention of cognitive decline in later life. Ann Intern Med.
2010;153(3):182-193.

9. Kurniawan C, Westendorp RG, de Craen AJ, Gussekloo J, de
Laat J, van Exel E. Gene dose of apolipoprotein E and age-
related hearing loss. Neurobiol Aging. 2012;33(9):2230.
e7-el2.

10. O’Grady G, Boyles AL, Speer M, DeRuyter F, Strittmatter W,
Worley G. Apolipoprotein E alleles and sensorineural hearing
loss. Int J Audiol. 2007;46(4):183-186.

11. Lin FR, Maas P, Chien W, Carey JP, Ferrucci L, Thorpe R. Asso-
ciation of skin color, race/ehtnicity, and hearing loss among adults
in the USA. 2012;13(1):109-117.

12. Menzel HJ, Kladetzky RG, Assmann G. Apolipoprotein
polymorphism and coronary artery disease. Arteriosclerosis.
1983;3(4):310-315.


http://www.mayoclinicproceedings.org/current
http://www.mayoclinicproceedings.org/current


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


