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1 Introduction

Chronic kidney disease (CKD) is characterized by persistent alterations in kidney

structure and impaired excretory renal function and represents a public health burden

affecting ~14.5% of the U.S. adult population (1). Even at early disease stages, increased

urea concentration is associated with elevated serum levels of various pro-inflammatory

mediators, including high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and

tumor necrosis factor-alpha (TNFa) (1–4). These changes become even more pronounced

as CKD progresses to end-stage renal disease, ESRD (2, 3). Given the importance of pro-

inflammatory biomarkers as predictors of all-cause (5) and cardiovascular disease (CVD)

(6) mortality in patients with ESRD, reductions in their levels have been proposed as critical

target outcomes in this population (3, 4). Several anti-inflammatory strategies, including

pharmacological (4) and non-pharmacological (mostly nutritional) (3, 4, 7, 8) interventions

and the concurrent therapy of systemic comorbidities (9), have been utilized in

that direction.

Hemodialysis (HD) is the primary treatment modality in ESRD. The most recent

national data demonstrated that in >70% of patients with ESRD, HD was initiated with a

central venous catheter (CVC) (10), which could later be replaced with an arteriovenous

fistula (AVF) or arteriovenous graft (AVG) (11). Although AVF was associated with

various complications, it provided the lowest rate of mortality, fatal infections, and levels of

pro-inflammatory mediators compared to AVG and CVC (11–13). Even in the absence of

infection, patients with CVC had significantly higher serum hs-CRP levels than those with

AVF independent of sex, race, and diabetes mellitus (DM) status (12). Conversely, the

CVC-to-AVF switch significantly reduced serum levels of pro-inflammatory mediators

(12) and all-cause mortality rates (11). The accumulating evidence on the CVC-to-AVF

switch to optimize the HD outcomes led to the development of the national ESRD Network

Initiative called “Fistula First”, sometimes referred to as “Fistula First, Catheter Last” (14).

Peritoneal dialysis (PD) is another treatment modality in ESRD that offers comparable

patient survival outcomes, reduced risk of septicemia, improved health-related life quality,
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and a more flexible lifestyle than HD. Consequently, other countries

have developed the “PD first” initiative for access to care and

affordability reasons, which increased the number of patients

receiving PD (15). In the U.S., the 2019 Advancing American

Kidney Health Executive Order contributed to the increased

utilization of PD (16), and the developed North American PD

Catheter Registry has offered an extensive dataset of PD

outcomes (17).

Kidney transplant (KT) from living and deceased donors is

another kidney replacement modality, which in the absence of

contraindications offers an increased survival rate (18) and life

quality (19) compared to HD. Paradoxically, oral health becomes

relevant only at the pre-transplant stages, when clearance is

required to proceed with the transplant process, while ignored

during CKD/ESRD stages.
2 Oral cavity as an additional source
of inflammation in patients with
CKD/ESRD

Oral tissues are continuously exposed to ~800 bacterial species

(20), and the chronic inflammatory infiltrate is present even in

clinically healthy tissues (21). Therefore, it is critical to recognize

that the oral cavity, an important modifiable source of inflammation

in patients with ESRD, is frequently overlooked (22).

Among oral inflammatory conditions, this perspective focused

on periodontitis, a polymicrobial multifactorial inflammatory

disease of tooth-supporting tissues that affects 42% of the U.S.

adult population (23). The Global Burden of Disease study

confirmed the burden of periodontitis as the sixth most prevalent

disease, with an estimated 54 billion USD/year cost of productivity

loss worldwide (24–26). Once developed, it is characterized by the

progressive, life-long destruction of connective tissue and alveolar

bone surrounding teeth, which often leads to tooth loss (27).
3 The conceptual model of the
increased prevalence of periodontitis
in patients with CKD/ESRD

Using the National Health and Nutrition Examination Survey III

database, we demonstrated significantly higher periodontitis
Frontiers in Nephrology 02
prevalence in patients with CKD compared to the general

population accentuated by racial disparities in CKD (35.28% (28)

vs. 7.8% (29), respectively). Despite the recognition of periodontitis as

a critical public health problem (30, 31), its awareness in CKD/ESRD

populations remains low (32). Therefore, oral health promotion,

effective treatment modalities, and disease prevention focused on

reducing oral and systemic inflammation and oxidative stress should

be prioritized in these populations. Our conceptual model describes

the underlying mechanisms of the increased prevalence of

periodontitis in patients with CKD/ESRD, assesses the contribution

of periodontitis to the systemic inflammatory burden, and determines

the extent of anti-inflammatory effects of standard-of-care non-

surgical periodontal therapy (NSPT) in these patients (Figure 1).
3.1 Biologic plausibility for the increased
prevalence of periodontitis in patients with
CKD/ESRD

Periodontitis involves the interaction of periodontal pathogens in

subgingival dental biofilm with the susceptible host and

environmental factors, resulting in destructive changes within the

connective tissue and alveolar bone. In CKD/ESRD, several

mechanisms, including uremic effects on the oral environment and

host immune response and behavioral factors (33, 34), can contribute

to the pathogenesis of periodontitis. With the progressive loss of

glomerular filtration rate (GFR), uremic solutes/toxins, normally

eliminated with the urine, are retained in the body (35),

contributing to anemia, immunosuppression, inflammation,

infection, CVD morbidity, and mortality. Deleterious effects of

increased urea toxins are mostly pronounced in ESRD (36). The

proposed conceptual model, which explains the modifying role of

ESRD (Figure 1, white boxes) on the pathogenesis of periodontitis

(Figure 1, blue boxes), is summarized below. As urea concentration

becomes pronounced (uremia), salivary urea levels dramatically

increase from 7.5 to 17-26 mmol/L (37), altering the oral ecosystem

and promoting the shift from microbial symbiosis to dysbiosis (38–

40), similar to the uremia-related changes observed in the gut

environment (41). Additional effects of the uremic milieu on innate

and adaptive immunity (42) alter host response and increase

infection susceptibility, as confirmed by a high prevalence of

chronic infection associated with Chlamydia pneumoniae and

Mycobacterium tuberculosis (43), the high relative risk for

tuberculosis (44, 45), and the high prevalence of periodontitis. Also,
FIGURE 1

The proposed conceptual model that explains the modifying ESRD role (white boxes) on the pathogenesis of periodontitis (blue boxes).
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vitamin D deficiency plays a dual role in abnormal bone breakdown/

turnover (renal osteodystrophy) (46) and alteration of both innate

(monocyte activation and phagocytosis) and adaptive immunity

(modulation of cytokine production) (47), which could further

promote periodontal tissue breakdown.
3.2 Periodontitis and the inflammatory
burden in patients with CKD/ESRD

Within the last decades, the high inflammatory burden in ESRD

was attributed to the “uremic puzzle.” The pieces included risk

factors related to inflammation, endothelial function, vascular

ossification markers, and uremic CVD markers, developing and

connecting intricately (48), and contributing to CVD mortality. We

now know that the complexity of the “uremic puzzle” extends past

the Framingham CVD risk factors involving systemic inflammation

and oxidative stress as the variables strongly associated with poor

CVD outcomes in CKD (48). Overwhelming evidence indicated

that the enzymatic myeloperoxidase activity linked oxidative stress

and inflammation in uremia, emphasizing the importance of both

events in the atherosclerotic process (49, 50). Consequently,

research became focused on identifying dialysis-related factors

(such as membrane bio-incompatibility, type of access, and

impure dialysate) that contribute to systemic inflammation and

oxidative stress at various levels (51). At the patient level, additional

comorbid factors, including bacterial infections, volume overload,

inadequate dialysis, and depression, were implicated in the

elevation of hs-CRP and targeted in anti-inflammatory

therapeutic efforts (52).

In the same context, the association between periodontitis and

systemic inflammation was evidenced by higher levels of pro-

inflammatory mediators in patients with periodontitis. Using a

parsimonious regression model, our group previously showed that

periodontitis led to the increased extent of inflammation in patients

with CKD, as evidenced by an ~100% increase in the odds of

elevated serum hs-CRP levels (odds ratio, OR, 2.0, 95% confidence

interval, CI, 1.2, 3.6; P = 0.02) (53). Moreover, the impact of

periodontitis on serum hs-CRP levels in patients with ESRD

significantly correlated with the periodontitis severity (2.4, 4.2,

and 4.4 mg/L in the slight, moderate, and severe periodontal

tissue breakdown, respectively) (54). Recent evidence suggested

that periodontitis could contribute to renal structural alterations

(55), possibly via increased local and systemic oxidative stress and a

compromised antioxidant capacity (56). However, precise

mechanisms linking these events remain to be explored further.

As confirmed by analogy (57), bacterial infections increased

levels of inflammatory mediators in patients undergoing HD, thus

contributing to increased mortality (58, 59). Therefore, the CKD/

ESRD - periodontitis relationship might be bi-directional in a way

that CKD/ESRD potentiates the incidence of periodontitis, and

periodontitis contributes to the sustained inflammation and poor

outcomes in CKD/ESRD. This is indirectly confirmed by the meta-

analysis of seventeen studies that showed a higher risk of developing

CKD in patients with periodontitis than those without periodontitis

(OR 1.60; 95% CI 1.44, 1.79; P = 0.11) (60). At the same time,
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patients with CKD had a similarly higher risk of developing

periodontitis compared to control patients without CKD (OR

1.69; 95% CI 0.84, 3.40; P < 0.001) (60).
3.3 Oral and systemic effects of NSPT

NSPT involves the mechanical removal of dental biofilm (the

microbial etiology) and calculus deposits (the main predisposing

factor) from supra- and subgingival tooth surfaces (27). The

treatment response is based on evaluating clinical periodontal

determinants 4-6 weeks post-NSPT, and the disease progression is

controlled through regular periodontal maintenance visits (typically

every three months) (27). Systemic anti-inflammatory effects of

NSPT first require a positive treatment response at the local/oral

level with improved periodontal measures (61). In both systemically

healthy and ESRD populations, NSPT improved periodontal clinical

parameters and levels of systemic inflammatory markers (62).

Only short-term (<6-month follow-up) randomized controlled

trials (RCTs) have examined the effects of NSPT on hs-CRP levels in

patients undergoing HD and/or PD. The meta-analysis of these

studies showed that NSPT significantly but moderately decreased

serum hs-CRP levels (standardized mean difference, SMD, -1.53;

95% CI -2.95, -0.11; P < 0.001) (63). This reduction in hs-CRP

following the NSPT appeared to be of a similar magnitude to the hs-

CRP reduction observed following the CVC-to-AVF switch (OR

1.43; 95% CI 1.15, 1.68; P ≤ 0.05) (58). The levels of other pro-

inflammatory mediators (IL-6 and TNFa) were not affected by

NSPT (SMD, -0.23; 95% CI -0.78, 0.33; P > 0.05), even when

examined at later time points (63).

It is important to highlight several key limitations in the current

evidence of the matter. First, a similar decrease in hs-CRP protein

concentration does not necessarily translate into clinical effects.

Therefore, rigorous studies comparing the effects of NSPT and the

CVC-to-AVF switch are needed. Second, as mentioned above, the

systemic anti-inflammatory effect of NSPT requires a positive

treatment response at the local/oral level with improved

periodontal measures. Therefore, the efficacy of NSPT in trials

that do not achieve clinically acceptable periodontal endpoints

before evaluating systemic endpoints should be questioned. Third,

as NSPT requires periodontal maintenance to minimize periodontal

tissue breakdown, the episodic treatment approach with erratic

maintenance visits is ineffective enough to promote optimal oral

hygiene, prevent reactivation of periodontitis, and control systemic

inflammation. Fourth, only short-term RCTs examined the effects

of NSPT on the levels of systemic pro-inflammatory markers, which

does not allow for assessing the sustainable anti-inflammatory

therapeutic effects. Fifth, the discrepancies in the prevalence of

systemic inflammatory conditions (such as DM) in the treatment

vs. control arms and a well-documented association between

periodontitis and DM make interpreting the results challenging.

Finally, study design limitations include a moderate overall risk of

bias (defined by low or unclear allocation concealment, blinding of

participants, personnel, and outcomes) and lack of essential

information about the included cohorts (such as the

dialysis duration).
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4 Discussion

In the present work, we proposed the conceptual model of the

association between periodontitis and CKD/ESRD and provided

evidence that outcomes of NSPT could be as effective in reducing

inflammatory burden in patients with CKD/ESRD as the CVC-to-

AVF switch. We argue that effective anti-inflammatory strategies in

patients with CKD/ESRD should include multidisciplinary

collaboration, oral health promotion, effective treatment

strategies, and disease prevention focused on reducing oral and

systemic inflammation. In this regard, outpatient dialysis centers

could serve as an archetype for continuous in-center oral health

maintenance care delivery. Future research is needed to examine

systematic and repeated oral health delivery models in dialysis units

to improve the periodontal status and modulate systemic

inflammation in patients with ESRD.
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39. Araújo MV, Hong BY, Fava PL, Khan S, Burleson JA, Fares G, et al. End stage
renal disease as a modifier of the periodontal microbiome. BMC Nephrol. (2015) 16:80.
doi: 10.1186/s12882-015-0081-x

40. Hong BY, Furtado Araujo MV, Strausbaugh LD, Terzi E, Ioannidou E, Diaz PI.
Microbiome profiles in periodontitis in relation to host and disease characteristics. PloS
One. (2015) 10:e0127077. doi: 10.1371/journal.pone.0127077

41. Liu W, Huang J, Liu T, Hu Y, Shi K, Zhou Y, et al. Changes in gut microbial
community upon chronic kidney disease. PloS One. (2023) 18:e0283389. doi: 10.1371/
journal.pone.0283389

42. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al.
Aspects of immune dysfunction in end-stage renal disease. Clin J Am Soc Nephrol.
(2008) 3:1526–33. doi: 10.2215/cjn.00950208

43. Stenvinkel P, Heimburger O, Jogestrand T, Karnell A, Samuelsson A. Does persistent
infection with Chlamydia pneumoniae increase the risk of atherosclerosis in chronic renal
failure? Kidney Int. (1999) 55:2531–2. doi: 10.1046/j.1523-1755.1999.00422.x

44. Chia S, Karim M, Elwood RK, FitzGerald JM. Risk of tuberculosis in dialysis
patients: a population-based study. Int J Tuberc Lung Dis. (1998) 2:989–91.

45. Simon TA, Paul S, Wartenberg D, Tokars JI. Tuberculosis in hemodialysis
patients in New Jersey: a statewide study. Infect Control Hosp Epidemiol. (1999) 20:607–
9. doi: 10.1086/501679
Frontiers in Nephrology 05
46. Moe S, Drueke T, Cunningham J, Goodman W, Martin K, Olgaard K, et al.
Definition, evaluation, and classification of renal osteodystrophy: a position statement
from Kidney Disease: Improving Global Outcomes (KDIGO). Kidney Int. (2006)
69:1945–53. doi: 10.1038/sj.ki.5000414

47. Hewison M. An update on vitamin D and human immunity. Clin Endocrinol
(Oxf). (2012) 76:315–25. doi: 10.1111/j.1365-2265.2011.04261.x

48. Stenvinkel P, Carrero JJ, Axelsson J, Lindholm B, Heimburger O, Massy Z.
Emerging biomarkers for evaluating cardiovascular risk in the chronic kidney disease
patient: how do new pieces fit into the uremic puzzle? Clin J Am Soc Nephrol. (2008)
3:505–21. doi: 10.2215/cjn.03670807

49. Himmelfarb J. Oxidative stress in hemodialysis. Contrib Nephrol. (2008)
161:132–7. doi: 10.1159/000130658

50. Daenen K, Andries A, Mekahli D, Van Schepdael A, Jouret F, Bammens B.
Oxidative stress in chronic kidney disease. Pediatr Nephrol. (2019) 34:975–91.
doi: 10.1007/s00467-018-4005-4

51. Stenvinkel P. Inflammation in end-stage renal disease: the hidden enemy.
Nephrol (Carlton). (2006) 11:36–41. doi: 10.1111/j.1440-1797.2006.00541.x

52. Carrero JJ, Stenvinkel P. Inflammation in end-stage renal disease–what have we
learned in 10 years? Semin Dial. (2010) 23:498–509. doi: 10.1111/j.1525-
139X.2010.00784.x

53. Ioannidou E, Swede H, Dongari-Bagtzoglou A. Periodontitis predicts elevated C-
reactive protein levels in chronic kidney disease. J Dent Res. (2011) 90:1411–5.
doi: 10.1177/0022034511423394

54. Chen LP, Chiang CK, Peng YS, Hsu SP, Lin CY, Lai CF, et al. Relationship
between periodontal disease and mortality in patients treated with maintenance
hemodi a l y s i s . Am J Kidney Di s . ( 2011) 57 :276–82 . do i : 10 .1053 /
j.ajkd.2010.09.016

55. Franca LFC, Vasconcelos A, da Silva FRP, Alves EHP, Carvalho JS, Lenardo DD,
et al. Periodontitis changes renal structures by oxidative stress and lipid peroxidation.
J Clin Periodontol. (2017) 44:568–76. doi: 10.1111/jcpe.12729

56. Wang Y, Andrukhov O, Rausch-Fan X. Oxidative stress and antioxidant system
in periodontitis. Front Physiol. (2017) 8:910. doi: 10.3389/fphys.2017.00910

57. Hill AB. The environment and disease: association or causation? Proc R Soc Med.
(1965) 58:295–300. doi: 10.1177/003591576505800503

58. Banerjee T, Kim SJ, Astor B, Shafi T, Coresh J, Powe NR. Vascular access type,
inflammatory markers, and mortality in incident hemodialysis patients: the Choices for
Healthy Outcomes in Caring for End-Stage Renal Disease (CHOICE) Study. Am J
Kidney Dis. (2014) 64:954–61. doi: 10.1053/j.ajkd.2014.07.010

59. Valdivielso JM, Rodriguez-Puyol D, Pascual J, Barrios C, Bermudez-Lopez M,
Sanchez-Nino MD, et al. Atherosclerosis in chronic kidney disease: more, less, or just
different? Arterioscler Thromb Vasc Biol. (2019) 39:1938–66. doi: 10.1161/
atvbaha.119.312705

60. Kapellas K, Singh A, Bertotti M, Nascimento GG, Jamieson LM. Periodontal and
chronic kidney disease association: A systematic review and meta-analysis. Nephrol
(Carlton). (2019) 24:202–12. doi: 10.1111/nep.13225

61. Armitage GC. Effect of periodontal therapy on general health–is there a missing
component in the design of these clinical trials? J Clin Periodontol. (2008) 35:1011–2.
doi: 10.1111/j.1600-051X.2008.01327.x

62. Luthra S, Orlandi M, Hussain SB, Leira Y, Botelho J, MaChado V, et al.
Treatment of periodontitis and C-reactive protein: A systematic review and meta-
analysis of randomized clinical trials. J Clin Periodontol. (2023) 50:45–60. doi: 10.1111/
jcpe.13709

63. Yue H, Xu X, Liu Q, Li X, Xiao Y, Hu B. Effects of non-surgical periodontal
therapy on systemic inflammation and metabolic markers in patients undergoing
haemodialysis and/or peritoneal dialysis: a systematic review and meta-analysis. BMC
Oral Health. (2020) 20:18. doi: 10.1186/s12903-020-1004-1
frontiersin.org

https://doi.org/10.1177/0022034515602879
https://doi.org/10.1177/0022034513490168
https://doi.org/10.1111/prd.12122
https://doi.org/10.1177/0022034511402209
https://doi.org/10.1902/jop.2015.140520
https://www.cdc.gov/nchs/healthy_people/hp2020.htm
https://www.cdc.gov/nchs/healthy_people/hp2020.htm
https://health.gov/healthypeople
https://doi.org/10.1186/1471-2369-13-16
https://doi.org/10.1016/j.archoralbio.2019.04.021
https://doi.org/10.1038/nrneph.2013.44
https://doi.org/10.1046/j.1523-1755.2002.00600.x
https://doi.org/10.1016/j.archoralbio.2008.01.006
https://doi.org/10.1038/nri3785
https://doi.org/10.1186/s12882-015-0081-x
https://doi.org/10.1371/journal.pone.0127077
https://doi.org/10.1371/journal.pone.0283389
https://doi.org/10.1371/journal.pone.0283389
https://doi.org/10.2215/cjn.00950208
https://doi.org/10.1046/j.1523-1755.1999.00422.x
https://doi.org/10.1086/501679
https://doi.org/10.1038/sj.ki.5000414
https://doi.org/10.1111/j.1365-2265.2011.04261.x
https://doi.org/10.2215/cjn.03670807
https://doi.org/10.1159/000130658
https://doi.org/10.1007/s00467-018-4005-4
https://doi.org/10.1111/j.1440-1797.2006.00541.x
https://doi.org/10.1111/j.1525-139X.2010.00784.x
https://doi.org/10.1111/j.1525-139X.2010.00784.x
https://doi.org/10.1177/0022034511423394
https://doi.org/10.1053/j.ajkd.2010.09.016
https://doi.org/10.1053/j.ajkd.2010.09.016
https://doi.org/10.1111/jcpe.12729
https://doi.org/10.3389/fphys.2017.00910
https://doi.org/10.1177/003591576505800503
https://doi.org/10.1053/j.ajkd.2014.07.010
https://doi.org/10.1161/atvbaha.119.312705
https://doi.org/10.1161/atvbaha.119.312705
https://doi.org/10.1111/nep.13225
https://doi.org/10.1111/j.1600-051X.2008.01327.x
https://doi.org/10.1111/jcpe.13709
https://doi.org/10.1111/jcpe.13709
https://doi.org/10.1186/s12903-020-1004-1
https://doi.org/10.3389/fneph.2024.1385544
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org

	Fistula first, catheter last: can the mouth be second?
	1 Introduction
	2 Oral cavity as an additional source of inflammation in patients with CKD/ESRD
	3 The conceptual model of the increased prevalence of periodontitis in patients with CKD/ESRD
	3.1 Biologic plausibility for the increased prevalence of periodontitis in patients with CKD/ESRD
	3.2 Periodontitis and the inflammatory burden in patients with CKD/ESRD
	3.3 Oral and systemic effects of NSPT

	4 Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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


