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Abstract

Critical flicker fusion (CFF), a measure of visual processing speed, has often been regarded as a basic metric underlying a number of higher
cognitive functions. To test this, we measured CFF, global cognition, and several cognitive subdomains. Because age is a strong covariate for
most of these variables, both younger (n = 72) and older (n = 57) subjects were measured. Consistent with expectations, age was inversely
related to CFF and performance on all of the cognitive measures except for visual memory. In contrast, age-adjusted CFF thresholds were
only positively related to executive function. Results showed that CFF predicted executive function across both age groups and accounted for
unique variance in performance above and beyond age and global cognitive status. The current findings suggest that CFF may be a unique pre-
dictor of executive dysfunction.
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Introduction

Sensory function, particularly in the visual domain, has long been studied in the context of cognitive aging. Early work in this
area linked visual acuity to general intelligence and reasoning (e.g., Lindenberger & Baltes, 1994), memory (e.g., Lovdén &
Wahlin, 2005), and executive function and inhibition in older adults (L6vdén & Wahlin, 2005). Common explanations for this
connection are that sensory failure in older individuals is both a gateway to cognitive decline (e.g., by reducing informational
input) and/or a biomarker for deleterious change in the brain (see Chang et al., 2014). Recently, other measures of visual perform-
ance have gained popularity as research tools due to criticisms about the sensitivity of visual acuity to changes in cognitive per-
formance. Thisis especially true given the rise of visual acuity deficits and its association with educational attainment (Williams &
Hammond, 2014).

Contrast sensitivity (CS) is a visual measure that represents the ability to distinguish between an object and its background. Like
visual acuity, CS can be measured easily using standardized clinical instruments such as the Pelli—Robson chart (Pelli, Robson, &
Wilkins, 1988), Melbourne Edge Test (Haymes & Chen, 2004), or the Visual Contrast Test System (Scialfa, Adams, & Giovanetto,
1991). Research using these measures has shown that CS predicts cognitive processes including global cognition (Risacher et al.,
2013; Skeel, Schutte, van Voorst, & Nagra, 2006), memory (Anstey, Butterworth, Borzycki, & Andrews, 2006; Risacher et al.,
2013), processing speed (e.g., Anstey et al., 2006), and executive function (Cronin-Golomb, Corkin, & Growdon, 1995). Such
relations may stem from the fact that, unlike standard Snellen acuity (driven mostly by the refractive state of the eye), measuring
the full CS function provides more information about the integrity of the entire visual pathway. Additionally, CS predicts reduc-
tions in cognitive performance even when visual acuity remains intact (e.g., Wood et al., 2009, 2010). However, the effects of CS
on cognitive performance may not be consistent across the lifespan. Although degraded CS negatively affects speeded perform-
ance even in a group of younger adults (Wood et al., 2009), one study found that simulated visual impairment negatively affected
cognitive performance to a greater degree in a group of older versus younger adults (Wood et al., 2010).
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Although changes in spatial vision, when well characterized, do appear to predict age-related changes in at least some aspects of
cognitive performance, perhaps an even better measure is processing speed (Salthouse, 2000). Previous literature supports pro-
cessing speed as a crucial variable underlying performance across multiple cognitive domains, including episodic memory,
working memory, and reasoning (see Salthouse, 1996 for review) as well as executive functions, including inhibition, updating,
and shifting (e.g., Albinet, Boucard, Bouquet, & Audiffren, 2012).

Processing speed can be measured in a multitude of ways that include simple motor reaction time, judgment reaction time, etc.
and can be measured in different sensory modalities. Visual processing speed is one of the most common modalities tested and can
be assessed relatively simply (Wooten, Renzi, Moore, & Hammond, 2010). Critical flicker fusion (CFF) thresholds, for example,
are measures of the highest average frequency at which an individual can perceive a flickering stimulus. They represent the highest
frequency point of the temporal CS function (100% modulation) and appear to be strongly driven not just by the eye, but also pro-
cesses within the brain itself (Curran, Hindmarch, Wattis, & Shillingford, 1990; Curran & Wattis, 1998; Nardella et al., 2014).
Additionally, CFF performance can be negatively affected by tumors and lesions in all four lobes of the brain (Curran et al.,
1990; Curran & Wattis, 1998). Thus, CFF is hypothesized to be a measure of overall neural integrity and firing rate.

CFF has been shown to be a useful tool in cognitive aging research because it is sensitive to aging and disease processes; older
adults and individuals with Alzheimer’s disease show decrements in performance (Curran et al., 1990; Renzi & Hammond, 2010;
Wooten et al., 2010). CFF has also been used in pharmacological research because it is sensitive to the manipulations of drugs;
stimulants can increase and depressants can decrease performance (Curran & Wattis, 1998; Renzi & Hammond, 2010). Recent
studies have shown that dietary supplementation (focusing on the plant pigments, xanthophylls, found in retina and brain) can
improve CFF thresholds of even younger adults when compared with placebos (Bovier and Hammond, 2015; Bovier, Renzi, &
Hammond, 2014).

Several factors have limited the generalizability of CFF studies in the past. For example, stimuli composed of shorter wave-
lengths can be absorbed by the natural yellow intraocular filters of the eye (the aging crystalline lens and macular pigment) and
confound relations due to optical factors. If pupil size is not corrected, CFF will vary due to a reduction in luminance as
opposed to actual processing speed (Rovamo and Raninen, 1988).

In the present study, these factors were controlled; CFF, global cognition, and several cognitive subdomains were measured in a
sample of younger and older adults. Cognitive domains were chosen based on previous literature demonstrating the relation of
sensory function to global cognition, as well as memory, processing speed, and aspects of executive function. We hypothesized
that younger adults would perform better on all cognitive measures than older adults. We also predicted thatindividuals with higher
CFF performance would score better on all cognitive measures than individuals with lower CFF performance. Finally, based on the
differential age effects found by Wood and colleagues (2009, 2010), we hypothesized that age group (young vs. old) would mod-
erate the relationship between CFF performance and cognition, such that older adults with higher CFF would retain significantly
higher cognitive performance than older adults with lower CFF, while CFF would be less related to cognition in younger adults. In
other words, the relation between CFF and cognition would increase with age.

Methods
Participants

Seventy-two younger adults (37 men and 35 women, average age 21.7 years) and 57 older adults (22 men and 35 women,
average age 72.4 years) were recruited as part of a larger, ongoing study at the University of Georgia. Younger adults were pri-
marily undergraduate and graduate students at the University of Georgia. Older adults were all community-dwelling individuals,
with a mean education level of 16.5 years, indicating that most were college educated. General exclusionary criteria included
history of ocular disease and corrected visual acuity worse than 20:60 (Snellen notation). Older adults were also excluded if
they exhibited more than mild cognitive impairment, defined as a global rating score of >0.5 on the Clinical Dementia Rating
scale (CDR; Morris, 1993). Data collection occurred across two visits. During the first visit, visual measures, including CFF,
were acquired. During the second visit, cognitive measures were acquired for all participants; additionally, the CDR was collected
for older adults only. All measures were administered by trained research assistants who presented standard instructional sets and
answered questions. Participants received a small monetary compensation for their time. The study protocol was approved by the
Institutional Review Board at the University of Georgia and informed consent was obtained from all participants.

Materials

Critical flicker fusion. CFF was measured using a custom-built, tabletop LED device. More detailed description of the device and
validation process can be found in Wooten and colleagues (2010). Briefly, the stimulus was a circular, 1°, 660 nm, 20 nm half
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bandpass (Nichia Corp., Mountville, PA) light that flickered at 100% modulation. The 1° stimulus was presented at the center of a
5.5°, 660 nm surround (average luminance, 25 cd/m?). Participants viewed the stimulus through a 3-mm artificial pupil and main-
tained focus on a small (5§') fixation point at the center of the target.

CFF performance was calculated (using a method of limits, in 1 Hz intervals) as the average of three ascending trials (frequency
of flicker was increased until the stimulus appeared fused) and three descending trials (frequency of flicker was decreased until the
flickering was detected). Higher values (expressed in Hz) indicate better performance. Past studies using these conditions have
shown CFF to be highly reliable (Cronbach’s a = 0.95; Hammond and Wooten, 2005; Wooten et al., 2010).

Cognitive measures. Performance on cognitive tasks was measured using the CNS-Vital Signs (CNS-VS) computerized cogni-
tive battery. CNS-VS uses computerized adaptations of familiar neuropsychological tests and has been validated as a measure of
cognitive performance (e.g., Gualtieri & Johnson, 2006). CNS-VS creates index scores for various cognitive domains based on
performance on individual cognitive tasks, which are briefly described subsequently. These index scores were used in the statis-
tical analyses. Further, we created a composite global cognitive variable by averaging scores across these indices.

Verbal memory is measured using a word list learning task with immediate and delayed recognition memory components.
Similarly, visual memory is measured using a shape learning task with both immediate and delayed recognition memory compo-
nents. Processing speed is measured using a symbol-digit coding task; participants complete as many items as possible in 2 min.
Reasoning is measured using a matrix reasoning task; participants solved 15 matrices. Executive function is measured using a
shifting attention task; participants match stimuli at the top of the screen with appropriate stimuli choices at the bottom of the
screen based on a set of matching rules (i.e., match color or match shape) that change randomly. This task recruits aspects of ex-
ecutive function, including set shifting, updating, and inhibition. Past studies have shown that CN'S-VS has comparable reliability
to the conventional tests upon which it is based (r = .65-.85; Gualtieri, Johnson, & Benedict, 2004).

Clinical Dementia Rating. Global cognitive status was assessed in older adults using the CDR, a semi-structured interview that
assesses individuals’ cognitive and functional abilities across six domains: memory, orientation, judgment and problem solving,
community affairs, home and hobbies, and personal care (Morris, 1993). Scores on each of the domains are combined to obtain a
global rating of cognitive impairment ranging from 0 (no impairment) to 3 (severe dementia). A global score of 0.5 is oftenused as a
proxy for mild cognitive impairment.

Statistical Analyses

CNS-VS index scores for verbal memory, visual memory, processing speed, reasoning, and executive function were converted
to z-scores and averaged to create a global cognition composite score, based on the entire sample of younger and older adults. Prior
to analyses, we confirmed that the linear model assumptions were met (i.e., linearity, statistical independence, multivariate nor-
mality, and homoscedasticity). Moderation analyses were conducted using hierarchical regression analysis, and continuous vari-
ables were mean-centered prior to calculating interaction terms in order to reduce multicollinearity. In Step 1, CFF was entered as
the predictor variable; in Step 2, age group (young vs. old) was entered as the moderator variable; and in Step 3, the variable CFF x
age group was entered as the interaction term. Global cognition was the first outcome variable and subsequent analyses included
verbal memory, visual memory, processing speed, reasoning, and executive function CNS-VS index scores as successive outcome
variables. Global ratings on the CDR were used as a covariate in all analyses. Six older adults received a CDR rating of 0.5 and all

Table 1. Descriptive statistics

Young adults Older adults

Raw scores, M (SD) z-Scores, M (SD) Raw scores, M (SD) z-Scores, M (SD)
Critical flicker fusion 25.96 (3.17) N/A 22.77 (3.04) N/A
Global cognition N/A 0.41 (0.41) N/A —0.52(0.58)
Verbal memory 54.5 (3.35) 0.34 (0.69) 50.8 (5.67) —0.43 (1.16)
Visual memory 40.7 (7.10) —0.08 (1.07) 41.9(5.93) 0.11 (0.89)
Processing speed 67.9 (9.73) 0.73 (0.59) 41.1(9.03) —0.92 (0.55)
Reasoning 8.87 (3.64) 0.59 (0.72) 2.12(3.97) —0.75(0.78)
Executive function 52.0 (12.7) 0.49 (0.63) 29.9 (20.7) —0.61 (1.03)

Note: N/A = not applicable.
Raw and standardized scores are presented for all variables with the exception of global cognition (which represents an average of all other standardized cognitive
scores) and critical flicker fusion (which is presented in hertz).
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Table 2. Correlations between CDR, age group, CFF, and cognition

Variable 1. 2. 3. 4. 5. 6. 7. 8.
1.CDR —

2. Age group —.248%%* —

3.CFF —230%* — A5T7** —

4. Global cognition — 474%* —.687** 377 —

5. Verbal memory —.313%%* —.386%* .186* .670%* —

6. Visual memory —.036 .098 —.106 370%* .107 —

7. Processing speed —.359%* —.819%* 344 811 A49%* .039 —

8. Reasoning —.404%* —.667%* .386%* 733%%* 268%%* .058 .600%* —

9. Executive function —.493%* —.552% A465%* .8007%* 4440 .048 657 556%*

Note: CDR = Clinical Dementia Rating scale; CFF = critical flicker fusion. *p < .05. **p < .01.

younger adults were coded as having a CDR rating equal to 0. Descriptive statistics on task performance can be found in Table 1.
Zero-order correlations can be found in Table 2.

Results
Effect of Age Group

As expected, results indicated a significant main effect of age group for global cognition, AR = 0.346, 3 = —0.585,1 = —8.74,
p < .001; verbal memory, AR? = 0.102, B = —0.336, r = —3.658, p < .001; processing speed, AR? = 0.567, B = —0.797,
t= —14.213, p < .001; reasoning, AR* = 0.342, B = —0.571, t = —7.929, p < .001; and executive function, AR* = 0.197,
B = —0.357,t= —4.823, p < .001. Results for visual memory were nonsignificant.

Effect of CFF

Resultsindicated a significant main effect of CFF for executive function, AR? = 0.037, B =0.496,t = 1.998,p = .048. Results
for global cognition, verbal memory, visual memory, processing speed, and reasoning were nonsignificant.

Age Group x CFF Interaction

Contrary to hypotheses, analyses revealed no significant interactions between CFF and age group. However, a post hoc hier-
archical regression analysis indicated that CFF explained a significant amount of variance in executive function above and beyond
age and CDR rating, AR? = 0.037, AF(1, 125) = 8.747, p = .004.

Discussion

The processing of CFF involves retinal and cortical processes, but the threshold appears to be determined postreceptorally, at
the level of the visual cortex (e.g., Wells, Bernstein, Scott, Bennett, & Mendelson, 2001). The central basis for flicker prompts the
question of whether other CNS activities also correlate with CFF thresholds. To test this, we measured CFF and cognition in a
sample of younger and older adults. As expected, the younger subjects had both higher average CFF thresholds and performed
better on all cognitive measures (with the exception of visual memory that was low and nonvariable for both young and old).

We also hypothesized that individuals with high CFF performance would score better on all cognitive measures than those with
low CFF performance. This hypothesis was confirmed only for executive function. Although we predicted that age group would
moderate the relationship between cognition and CFF, this hypothesis was not supported. Instead, CFF was a significant predictor
of executive function across age groups, and post hoc hierarchical regression analysis indicated that CFF accounts for significant
unique variance in executive function performance beyond age group and global cognitive status, as measured by the CDR.

Opverall, CFF performance was not a predictor of global cognition or many cognitive subdomains; however, it was uniquely
predictive of executive function across both age groups in our sample. This finding is consistent with previous literature which
shows that sensory functions and processing speed are important for executive functions (e.g., Albinet et al., 2012;
Cronin-Golomb et al., 1995). Additionally, past research on individuals with frontal lobe lesions or tumors indicates that these
injuries negatively affect CFF performance (Curran & Wattis, 1998). Traditionally, it has been thought that higher executive
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function is regulated primarily by the prefrontal cortex. Perhaps a more realistic view, however, is that executive function involves
numerous regions with extensive interaction across brain areas (Alvarez and Emory, 2006). Based on that view, a fast and efficient
brain would also have improved executive function. Our results are consistent with that possibility.

One limitation of this study is that average CFF performance for both younger and older adults was slightly higher than previ-
ously found in other studies using similar conditions (Renzi & Hammond, 2010). Our overall group mean for CFF was 24.5 Hz,
whereas previous overall group means were ~21.2 Hz. This discrepancy could reflect the generally excellent health and high edu-
cation levels of our sample; younger adults were typically pursuing some level of postsecondary education and older adults had an
average of 16.5 years of education. Consequently, our results could have been limited by the high intellectual and educational at-
tainment of the sample. Nevertheless, our study was one of the few that has attempted to measure the relationship between CFF
(measured without the common confounds) and cognitive performance, broadly defined. Because CFF thresholds are fast to obtain
and inexpensive to measure, they may serve as a good biomarker of higher cognitive function, especially in clinical situations
(much as they already do for pharmaceutical research and specific CNS conditions such as encephalopathy; Sharma, Sharma,
Puri, & Sarin, 2007). Further study on a more heterogeneous sample is necessary before the specific relation between CFF and
brain function can be more completely defined.

Funding

This work was supported by Abbott Nutrition, Columbus, OH.
Conflict of Interest

During a portion of data collection and manuscript preparation time, author LMR was employed by Abbott Nutrition.
Acknowledgements

The authors thank Cutter Lindbergh, Doug Terry, Bryant Duda, Antonio N. Puente, Emily Bovier, Wendy Shon, Medina Bello,
Kirstie Chu, Tiffany Washington, Leslie Stapley, Jonathan Dickens, Shubam Sharma, and Sean Goldy for their assistance in data
collection.

References

Albinet, C. T., Boucard, G., Bouquet, C. A., & Audiffren, M. (2012). Processing speed and executive functions in cognitive aging; How to disentangle their mutual
relationship. Brain and Cognition, 79, 1-11.

Alvarez, J. A., & Emory, E. (2006). Executive function and the frontal lobes: A meta-analytic review. Neuropsychology Review, 16, 17—42.

Anstey, K. J., Butterworth, P., Borzycki, M., & Andrews, S. (2006). Between- and within-individual effects of visual contrast sensitivity on perceptual matching,
processing speed, and associative memory in older adults. Gerontology, 52, 124—130.

Bovier, E., & Hammond, B. R. (2015) A randomized placebo-controlled study on the effects of lutein and zeaxanthin on visual processing speed in young healthy
subject. Archives of Biochemistry and Biophysics, 572, 54-57.

Bovier, E.R.,Renzi, L. M., & Hammond, B. R. (2014). A double-blind, placebo-controlled study on the effects of lutein and zeaxanthin on neural processing speed
and efficiency. PLoS One, 9, €108178.

Chang, L. Y., Lowe, J., Ardiles, A., Lim, J., Grey, A. C., Robertson, K., et al. (2014). Alzheimer’s disease in the human eye. Clinical tests that identify ocular and
visual information processing deficit as biomarkers. Alzheimer’s & Dementia, 10, 251-261.

Cronin-Golomb, A., Corkin, S., & Growdon, J. H. (1995). Visual dysfunction predicts cognitive deficits in Alzheimer’s disease. Optometry & Vision Science, 72,
168-176.

Curran, S., Hindmarch, I., Wattis, J. P., & Shillingford, C. (1990). Critical flicker fusion in normal elderly subjects; A cross-sectional community study. Current
Psychology, 9, 25-34.

Curran, S., & Wattis, J. P. (1998). Critical flicker fusion threshold: A useful research tool in patients with Alzheimer’s disease. Human Psychopharmacology:
Clinical and Experimental, 13, 336-355.

Gualtieri, C. T., & Johnson, L. G. (2006). Reliability and validity of a computerized neurocognitive test battery, CNS Vital Signs. Archives of Clinical
Neuropsychology, 21, 623—-643.

Gualtieri, C. T., Johnson, L. G., & Benedict, K. B. (2004, February). Reliability and validity of a new computerized cognitive screening battery. Presented at the
Annual Meeting of the International Neuropsychological Society, Baltimore, MD.

Hammond, B. R., & Wooten, B. R. (2005). CFF thresholds: Relation to macular pigment optical density. Ophthalmic and Physiological Optics, 25, 315-319.

Haymes, S. A., & Chen, J. (2004). Reliability and validity of the Melbourne Edge Test and high/low contrast visual acuity chart. Optometry and Vision Science, 81,
308-316.

Lindenberger, U., & Baltes, P. B. (1994). Sensory functioning and intelligence in old age: A strong correlation. Psychology and Aging, 9, 339—355.

Lovdén, M., & Wahlin, A. (2005). The sensory-cognition association in adulthood: Different magnitudes for processing speed, inhibition, episodic memory, and
false memory? Scandinavian Journal of Psychology, 46, 253—-362.

ST0Z ‘ZT J8go100 Uo AISIBAIUN JBSeld UowS T /610 euIno [pJo Jxoude//:dny Wo.j papeo lumod


http://acn.oxfordjournals.org/

6 C. Mewborn et al. / Archives of Clinical Neuropsychology

Morris, J. C. (1993). The Clinical Dementia Rating (CDR): Current version and scoring rules. Neurology, 43, 2412—-2414.

Nardella, A., Rocchi, L., Conte, A., Bologna, M., Suppa, A., & Berardelli, A. (2014). Inferior parietal lobule encodes visual temporal resolution processes con-
tributing to the critical flicker frequency threshold in humans. PLoS One, 9, €98948.

Pelli, D. G., Robson, J. G., & Wilkins, A. J. (1988). The design of a new letter chart for measuring contrast sensitivity. Clinical Vision Sciences, 2, 187—199.

Renzi, L. M., & Hammond, B. R. (2010). The relation between the macular carotenoids, lutein and zexanthin, and temporal vision. Ophthalmic and Physiological
Optics, 30, 351-357.

Risacher, S. L., WuDunn, D., Pepin, S. M., MaGee, T. R., McDonald, B. C., Flashman, L. A., et al. (2013). Visual contrast sensitivity in Alzheimer’s disease, mild
cognitive impairment, and older adults with cognitive complaints. Neurobiology of Aging, 34, 1133—-1144.

Rovamo, J., & Raninen, A. (1988). Critical flicker frequency as a function of stimulus area and luminance at various eccentricities in human cone vision: A revision
of Granit-Harper and Ferry-Porter laws. Vision Research, 28, 785-790.

Salthouse, T. A. (1996). The processing-speed theory of adult age differences in cognition. Psychological Review, 103, 403-428.

Salthouse, T. A. (2000). Aging and measures of processing speed. Biological Psychology, 54, 35—-54.

Scialfa, C. T., Adams, E. M., & Giovanetto, M. (1991). Reliability of the Vistech contrast test system in a life-span adult sample. Optometry & Vision Science, 68,
270-274.

Sharma, P., Sharma, B. C., Puri, V., & Sarin, S. K. (2007). Critical flicker frequency: Diagnostic tool for minimal hepatic encephalopathy. Journal of Hepatology,
47,67-73.

Skeel, R. L., Schutte, C., van Voorst, W., & Nagra, A. (2006). The relationship between visual contrast sensitivity and neuropsychological performance in a healthy
elderly sample. Journal of Clinical and Experimental Neuropsychology, 28, 696—705.

Wells, E. F., Bernstein, G. M., Scott, B. W., Bennett, P. J., & Mendelson, J. R. (2001). Critical flicker frequency responses in visual cortex. Experimental Brain
Research, 139, 106—110.

Williams, K. M., & Hammond, C. J. (2014). Prevalence of myopia and association with education in Europe. The Lancet, 383, S109.

Wood, J., Chaparro, A., Anstey, K., Lacherez, P., Chidgey, A., Eisemann, J., et al. (2010). Simulated visual impairment leads to cognitive slowing in older adults.
Optometry and Vision Science, 87, 1037—1043.

Wood, J. M., Chaparro, A., Anstey, K. J., Hsing, Y. E., Johnsson, A. K., Morse, A. L., et al. (2009). Impact of simulated visual impairment on the cognitive test
performance of young adults. British Journal of Psychology, 100, 593—602.

Wooten, B.R.,Renzi, L. M., Moore, R., & Hammond, B. R. (2010). A practical method of measuring the human temporal contrast sensitivity function. Biomedical
Optics Express, 1,47-58.

ST0Z ‘ZT J8go100 Uo AISIBAIUN JBSeld UowS T /610 euIno [pJo Jxoude//:dny Wo.j papeo lumod


http://acn.oxfordjournals.org/

	Critical Flicker Fusion Predicts Executive Function in Younger �and Older Adults
	Introduction
	Methods
	Participants
	Materials
	Critical flicker fusion
	Cognitive measures
	Clinical Dementia Rating
	Statistical Analyses
	Results
	Effect of Age Group
	Effect of CFF
	Age GroupxxxCFF Interaction
	Discussion
	Funding
	Conflict of Interest
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages 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 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


