
Frontiers in Immunology | www.frontiersin.

Edited by:
Ruth Dobson,

Queen Mary University of London,
United Kingdom

Reviewed by:
Trygve Holmøy,

Akershus University Hospital,
Norway

Marta Altieri,
Sapienza University of Rome, Italy

*Correspondence:
Ali Manouchehrinia

ali.manouchehrinia@ki.se

Specialty section:
This article was submitted to

Multiple Sclerosis
and Neuroimmunology,
a section of the journal

Frontiers in Immunology

Received: 20 December 2021
Accepted: 14 February 2022
Published: 03 March 2022

Citation:
Manouchehrinia A, Huang J, Hillert J,
Alfredsson L, Olsson T, Kockum I and
Constantinescu CS (2022) Smoking

Attributable Risk in Multiple Sclerosis.
Front. Immunol. 13:840158.

doi: 10.3389/fimmu.2022.840158

BRIEF RESEARCH REPORT
published: 03 March 2022

doi: 10.3389/fimmu.2022.840158
Smoking Attributable Risk
in Multiple Sclerosis
Ali Manouchehrinia1*, Jesse Huang1, Jan Hillert 1, Lars Alfredsson1, Tomas Olsson1,
Ingrid Kockum1 and Cris S. Constantinescu2,3

1 Centre for Molecular Medicine, Karolinska Institutet, Stockholm, Sweden, 2 Department of Neurology, Cooper Neurological
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Tobacco smoke is an important modifiable environmental risk factor for multiple sclerosis
(MS) risk. The population attributable fraction (AF) of MS due to smoking can be used to
assess the contribution of smoking to the risk of MS development. We conducted a
matched case-control study, including individuals with MS and population-based
controls. Overall, sex- and genetic risk score-stratified AF due to smoking were
calculated by fitting logistic regression models. We included 9,419 individuals with MS
and 9,419 population-based matched controls. At the time of MS onset 44.1% of persons
with MS and 35.9% of controls ever regularly smoked of which 38.1% and 29.2% were
still smoking. The overall AF was 13.1% (95%CI: 10.7 to 15.4). The AF was 10.6% (95%
CI: 7.4 to 13.7) in females and 19.1% (95%CI: 13.1 to 25.1) in males. The AF was 0.6%
(95%CI: 0.0 to 2) in ex-smokers. In those having human leucocyte antigen (HLA) and non-
HLA risk scores above the median levels of controls, the AF was 11.4% (95%CI: 6.8 to
15.9) and 12% (95%CI: 7.7 to 16.3), respectively. The AF was 17.6% (95%CI: 10.2 to
24.9) and 18.6% (95%CI: 5.5 to 31.6) in those with HLA and non-HLA risk scores below
the median levels in controls, respectively. We noticed a decline in AF in recent birth
cohorts. This study indicates that at least 13% of cases of MS could be prevented through
the avoidance of tobacco smoking. Considering the prevalence of MS, this represents a
very large group of people in absolute number.

Keywords: multiple sclerosis, attributable fraction, risk factor, tobacco, smoking
INTRODUCTION

Multiple sclerosis (MS) is the result of a complex interplay between genetic and environmental risk
factors. Prevention of MS is becoming a reasonable aspiration, but it depends on the extent risk
factors can be modified or mitigated. Cigarette smoking remains the most important single cause of
preventable mortality and morbidity in the world. Exposure to cigarette smoke is also an important
modifiable environmental risk factor for MS development and its clinical course (1–4), with
epidemiological studies reporting a 50% higher risk of MS development in ever-smokers compared
to never-smokers. (5)

The population attributable fraction (AF) of disease due to exposure, or the proportion of the
disease in a population attributable to smoking, can be used to assess the contribution of smoking to
org March 2022 | Volume 13 | Article 8401581
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the risk of disease development. Estimating the AF could be a
strong incentive to prevent disease by measuring the population
burden associated with a given exposure. For example, the AF for
smoking in people with lung cancer is 85% (6), indicating that a
substantial number of lung cancers would not have occurred and
relatively less lives would be lost if people did not smoke.

For smoking-associated diseases such as MS, the smoking AF
increases with a higher prevalence of smoking in the population.
Estimating the AF of MS due to smoking would determine the
proportion of MS that could be avoided if people did not smoke.
In this study, we estimated the AF due to smoking of MS in the
Swedish population.
METHOD

Data Source
Our study population included individuals with MS and
population-based controls participating in two large Swedish
cohorts, the Epidemiological Investigation of Multiple Sclerosis
(EIMS) and the Genes and Environment in Multiple Sclerosis
(GEMS). (7) In the EIMS study, individuals with newly
diagnosed MS (fulfilling the McDonald criteria), aged between
16 and 70 years, were identified at neurology clinics throughout
Sweden and invited to participate in the study by completing a
questionnaire and donating a blood sample. (8) The GEMS study
includes prevalent cases of MS fulfilling the McDonald criteria
who were identified from the Swedish National MS registry. (9)
There were no overlap of cases between EIMS and GEMS.
Controls were randomly selected from the national population
register matched for age (equivalent of age at the diagnosis in
cases), gender, and residential area at the time of the disease
diagnosis. In both studies, information on exposure to tobacco
smoking was obtained by asking about current and previous
smoking habits. We defined “smokers” as those who have ever
smoked cigarettes regularly before MS onset or the equivalent
age in controls.

Adjustment for Genetic Risk Score
For a subset with available genetic data, the weighted human
leucocyte antigen (HLA) specific and non-HLA genetic risk scores
were calculated. Individuals were genotyped using an Illumina
custom array (>90,000 SNPs), which focuses on MS genetic risk
loci, particularly the HLA region on chromosome 6. (10) Standard
marker and individual quality controls were performed using
PLINK, and population outliers were identified using
SmartPCA. After quality control and exclusion of outliers,
classical HLA allele variants were imputed using HLAIMP*03.
(10) Each individual’s genetic susceptibility to MS was determined
using a polygenic risk score (GRS) defined by the sum of all risk
alleles carried (0, 1, and 2). Total risk and separated scores for
HLA allele variants and non-HLA SNPs were calculated using
established risk factors from previous interaction and genome-
wide association studies. (10, 11) Scores were also weighted by
their effect size controlled for population stratification and possible
confounding genetic factors.
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Statistical Analysis
For the calculation of AF, we used the method suggested by
Dahlqwist et al. (12) In short, the method calculates confounder
adjusted AF estimates for case-control study design. For each
case of MS we identified one exact calendar year of birth and sex
matched control while adjusting all the models for calendar year
of birth in five groups. This was mainly done to account for
changes in the prevalence of smoking in the Swedish general
population over the years. Overall and sex stratified AF were
calculated in the first instant. We also calculated AF stratified by
HLA and non-HLA genetic burden. The genetic risk scores were
dichotomized by the median score of the population-based
controls. In a subset of individuals with information on HLA
DRB1*15:01, we calculated smoking AF due to interaction
(carriage of HLA DRB1*15:01 and being a smoker).
RESULTS

We included 9,419 individuals with MS and 9,419 population-
based exact calendar year of birth and sex matched controls. 28%
of the population were male with mean (standard deviation, SD)
calendar year of birth of 1960 ( ± 14). 44.1% of persons with MS
and 35.9% of controls had ever-smoked prior to onset or index
age respectively. At the time of MS onset (and equivalent time in
controls) 38.1% of cases and 29.2% of controls were still smoking
(current smokers). The mean number of pack-years cigarette
smoked was significantly higher in cases compared to controls
[4.2 ( ± 7.2) vs. 3.2 ( ± 6.7), P < 0.001]. Cases smoked on average
5.7 ( ± 7.5) cigarettes per day for the duration of 6.2 ( ± 9.1) years.
The average number of cigarettes smoked was 4.4 ( ± 6.9) for the
duration of 4.9 ( ± 8.6) years in controls. The HLA and non-HLA
genetic risk scores were available in 5,916 controls and 6,885
persons with MS (Figure 2). The risk of MS in ever-smokers was
increased by 41% (95% confidence intervals (CI): 1.33 to 1.50)
compared to never smokers.

The overall AF was 13.1% (95%CI: 10.7 to 15.4). The AF was
10.6% (95%CI: 7.4 to 13.7) in females and 19.1% (95%CI: 13.1 to
25.1) in males. The AF was less than 1% (AF: 0.6%, 95%CI: 0 to
2) in ex-smokers indicating beneficial effects of smoking
cessation. Figure 1 illustrates the AF over five-year birth-
cohort strata along with percentage of smokers amongst cases
in each birth-cohort. When investigating the impact of smoking
intensity, we observed that the AF was 9.3% (95%CI: 7.1 to 11.5)
in those smokers with pack-years smoked above the median and
7.1% (95%CI: 4.9 to 9.3) in those who smoked below the median
smoking intensity.

In those having HLA and non-HLA risk scores above the
median levels of controls, the AF was 11.4% (95%CI: 6.8 to 15.9)
and 12% (95%CI: 7.7 to 16.3), respectively. The AF was 17.6%
(95%CI: 10.2 to 24.9) and 18.6% (95%CI: 5.5 to 31.6) in those
with HLA and non-HLA risk scores below the median levels in
controls, respectively. The stratified AF estimates are
summarized in Figure 2. Results of interaction analysis
between HLA DRB1*15:01 and smoking revealed that
approximately half of the AF due to smoking is independent of
March 2022 | Volume 13 | Article 840158
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HLA DRB1*15:01 status (6.8%, 95%CI: 5.5 to 7.9) while the AF
due to HLA independent of smoking was 23% (95%CI: 22.1 to
23.8). The risk (OR) associated with both DRB1*15:01 carriage
and smoking was 4.9 (95%CI: 4.4 to 5.4) compared to 3.4 (95%
CI: 3.1 to 3.8) and 1.5 (95%CI: 1.4 to1.7) for only DRB1*15:01
carriage and smoking, respectively. AF in MS cases due to having
both exposures was 20% (95%CI: 19.4 to 20.5).
Frontiers in Immunology | www.frontiersin.org 3
CONCLUSION

There is strong evidence for a link between tobacco smoking and
the risk of MS, and data support the concept that this link is most
likely causal. (13) Based on this concept, this study indicates that at
least 13% of cases ofMS could be prevented through the avoidance
of tobacco smoking. Considering the prevalence of the disease, this
FIGURE 1 | Proportion of persons with MS who have ever regularly smoked and the corresponding smoking attributable fraction (AF) over calendar year of birth by
five-year birth-cohort.
FIGURE 2 | The overall and stratified smoking attributable fraction (95% confidence intervals) for risk of MS. HLA and non-HLA risk scores are categorized to below
and above the median score in the population-based controls. HLA, human leucocyte antigen.
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represents a very large group of people in absolute numbers who
would never develop MS. We believe that, from a global
perspective, these numbers may represent an underestimate. The
study was based on a well-characterized sample of Swedish
population. In Sweden, the prevalence of MS is high, and the
prevalence of smoking is low. (14) As the AF increases with the
prevalence of smoking, we believe that the AF in a country with a
high prevalence of smoking could be considerably higher.

Our previous estimates of smoking AF in MS was 20%
(active or passive) which was further increased to 41% in
subjects who had carriage of HLA-DRB1*15 and absence of
HLA-A*02. (15) This study includes a much greater number of
cases and controls compared to our previous study. We also
used polygenic risk scores and specific risk alleles (HLA
DRB1*15:01) which provide additional information with
regard to the interaction between smoking and MS genetics.
We previously estimated that about 5% of the MS cases could be
attributed to passive smoking. (15) Passive smoking (for
example, exposure to parental smoking in childhood) has not
been included in the present analysis. However, we could
confirm that smoking cessation and to lesser extent reducing
smoking intensity could be potentially beneficial in reducing
the impact of smoking in MS. We also observed a decline in
smoking AF in a more contemporary cohorts of MS as the
smoking prevalence declines in the general population. Given that
themajority of environmental risk factors forMS tend to exert their
most powerful effect in childhood and adolescent years and that
parental smoking is a risk factor for MS, it is possible that a further
fraction of MS could be prevented in the offspring of smokers.
Although anAF ofMS due to passive smoking cannot be calculated
in the current study, this consideration reiterates the possibility that
the 13% of MS attributable to smoking is underestimated.

Smoking remains a major modifiable risk factor for many
morbidities, including MS. The association of smoking with a
worsened outcome in multiple conditions, including MS, (16)
has incentivized smoking cessation. In this regard, several
smoking cessation campaigns have been effective in reducing
smoking in the population, encouraging cessation. (17) If a
smoking avoidance campaign has similar rates of success, an
important proportion may avoid MS.

Our previous studies addressed the interaction between MS
risk factors such as smoking, HLA DRB1*15:01, obesity, sun
exposure, and EBV seropositivity. The interaction of HLA
DRB1*15:01 with smoking increased the combined AF for MS.
Here, we used a combined genetic risk scores which does not take
only HLA DRB1*15:01 into account, and find a slightly less
multiplicative increase when population was stratified by their
MS genetic susceptibility. We consider a smoking AF of 13% an
accurate overall estimate, but are aware that the interaction of
smoking with other risk factors is complex. For example,
smoking has complex, stimulatory effects on the immune
system (4) and can enhance inflammatory contributors such as
EBV and counteract protective factors such as sun exposure.
Smoking has also shown to be associated with the worsening of
disability in MS (1) and smoking cessation to be beneficial (2,
18). To date, no study has investigated the smoking AF with
Frontiers in Immunology | www.frontiersin.org 4
regard to disability accumulation in MS. Such study could be
highly valuable in informing persons with MS and healthcare
providers about benefits of smoking cessation.

Our AF for smoking in MS of 10% to 15% is lower than for
other conditions, including lung cancer. (6) However, this
proportion, as well as absolute numbers behind it, is
nevertheless substantial. Taking the conservative AF of 13%, a
minimum 364,000 of the 2.8 million MS cases worldwide could
potentially have been prevented. Considering that fear of long-
term disability associated with neurological disease is for many
people more prominent than fear of cancer, (19) MS is probably
a strong deterrent to smoking initiation. Avoidance and
prevention-focused educational campaigns may be more
successful than cessation campaigns.

This, and the fact that smoking preventability is more
achievable than prevention of other risk factors such as EBV
infection or its consequence, infectious mononucleosis, qualifies
smoking prevention as a key strategy in preventing MS.

In addition, many more MS cases, even if unpreventable,
would be likely to have a milder course, given the contribution of
smoking to disease severity and progression.

In conclusion, integrated efforts need to be aimed not only at
smoking cessation but crucially also at smoking prevention. The
former will make relapses and disability progression in MS in
part preventable, while the latter will make a substantial
proportion of MS a preventable disease.
DATA AVAILABILITY STATEMENT

Data related to the current article are available from Ingrid
Kockum, Karolinska Institutet. To be able to share data, a data
transfer agreement needs to be completed between Karolinska
Institutet and the institution requesting data access. This is in
accordance with the data protection legislation in Europe
(General Data Protection Regulation [GDPR]). Persons
interested in obtaining access to the data should contact AM
(ali.manouchehrinia@ki.se).
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Stockholm ethical regional board at Karolinska
Institutet. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

AM analyzed and interpreted data and wrote and revised the
manuscript. JHu analyzed and interpreted data and wrote and
revised the manuscript. JHi generated and interpreted data and
revised the manuscript. TO generated and interpreted data
and revised the manuscript. LA generated and interpreted data
and revised the manuscript. IK generated and interpreted
data and revised the manuscript. CC wrote and revised
March 2022 | Volume 13 | Article 840158

mailto:ali.manouchehrinia@ki.se
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Manouchehrinia et al. Smoking Attributable Risk in MS
the manuscript. All authors contributed to the article and
approved the submitted version.
ACKNOWLEDGMENTS

The authors thank neurologists, nurses, and patients with MS
and controls in Sweden for their participation in the EIMS and
Frontiers in Immunology | www.frontiersin.org 5
GEMS cohorts. Ali Manouchehrinia is supported by the
Margaretha af Ugglas Foundation.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.
840158/full#supplementary-material
REFERENCES

1. Manouchehrinia A, Tench C, Maxted J. Tobacco Smoking and Disability
Progression in Multiple Sclerosis: United Kingdom Cohort Study. Brain
(2013) 136:2298–304. doi: 10.1093/brain/awt139

2. Ramanujam R, Hedström A-K, Manouchehrinia A, Alfredsson L, Olsson T,
Bottai M, et al. Effect of Smoking Cessation on Multiple Sclerosis Prognosis.
JAMA Neurol (2015) 72:1117–23. doi: 10.1001/jamaneurol.2015.1788

3. Olsson T, Barcellos LF, Alfredsson L. Interactions Between Genetic, Lifestyle
and Environmental Risk Factors for Multiple Sclerosis. Nat Rev Neurol (2017)
13:25–36. doi: 10.1038/nrneurol.2016.187

4. Alrouji M, Manouchehrinia A, Gran B, Constantinescu CS. Effects of
Cigarette Smoke on Immunity, Neuroinflammation and Multiple Sclerosis.
J Neuroimmunol (2019) 329:24–34. doi: 10.1016/j.jneuroim.2018.10.004

5. Poorolajal J, Bahrami M, Karami M, Hooshmand E. Effect of Smoking on
Multiple Sclerosis: A Meta-Analysis. J Public Health (Bangkok) (2017)
39:312–20. doi: 10.1093/PUBMED/FDW030

6. Hansen MS, Licaj I, Braaten T, Lund E, Gram IT. The Fraction of Lung
Cancer Attributable to Smoking in the Norwegian Women and Cancer
(NOWAC) Study. Br J Cancer (2020) 1243(124):658–62. doi: 10.1038/
s41416-020-01131-w

7. Hedström A, Hillert J, Olsson T, Alfredsson L. Smoking and Multiple
Sclerosis Susceptibility. Eur J (2013) 28:867–74. doi: 10.1007/s10654-013-
9853-4

8. Manouchehrinia A, Stridh P, Khademi M, Leppert D, Barro C, Michalak Z,
et al. Plasma Neurofilament Light Levels Are Associated With Risk of
Disability in Multiple Sclerosis. Neurology (2020) 94:e2457–67.
doi: 10.1212/WNL.0000000000009571

9. Hillert J, Stawiarz L. The Swedish MS Registry - Clinical Support Tool and
Scientific Resource. Acta Neurol Scand (2015) 132:11–9. doi: 10.1111/ane.12425

10. Patsopoulos NA, Baranzini SE, Santaniello A, Shoostari P, Cotsapas C, Wong
G, et al. Multiple Sclerosis Genomic Map Implicates Peripheral Immune Cells
and Microglia in Susceptibility. Science (2019) 365. doi: 10.1126/
SCIENCE.AAV7188

11. Moutsianas L, Jostins L, Beecham AH, Dilthey AT, Xifara DK, Ban M, et al.
Class II HLA Interactions Modulate Genetic Risk for Multiple Sclerosis. Nat
Genet (2015) 47:1107–13. doi: 10.1038/NG.3395

12. Dahlqwist E, Zetterqvist J, Pawitan Y, Sjölander A. Model-Based Estimation of
the Attributable Fraction for Cross-Sectional, Case–Control and Cohort
Studies Using the R Package AF. Eur J Epidemiol (2016) 316(31):575–82.
doi: 10.1007/S10654-016-0137-7
13. Hedström AK, Hillert J, Olsson T, Alfredsson L. Smoking and Multiple
Sclerosis Susceptibility. Eur J Epidemiol (2013) 28:867–74. doi: 10.1007/
s10654-013-9853-4

14. Ramström L, Borland R, Wikmans T. Patterns of Smoking and Snus Use in
Sweden: Implications for Public Health. Int J Environ Res Public Health (2016)
13:1–14. doi: 10.3390/IJERPH13111110

15. Hedström AK, Olsson T, Alfredsson L. Smoking Is a Major Preventable Risk
Factor for Multiple Sclerosis. Mult Scler (2016) 22:1021–6. doi: 10.1177/
1352458515609794

16. Manouchehrinia A, Tench CR, Maxted J, Bibani RH, Britton J,
Constantinescu CS. Tobacco Smoking and Disability Progression in
Multiple Sclerosis: United Kingdom Cohort Study. Brain (2013) 136:2298–
304. doi: 10.1093/brain/awt139

17. Papadakis S, Pipe A, Kelly S, Pritchard G, Wells GA. Strategies to Improve the
Delivery of Tobacco Use Treatment in Primary Care Practice. Cochrane
Database Syst Rev (2015) 2015:1–9. doi: 10.1002/14651858.CD011556

18. Tanasescu R, Constantinescu CS, Tench CR, Manouchehrinia A. Smoking
Cessation and the Reduction of Disability Progression in Multiple Sclerosis: A
Cohort Study. Nicotine Tob Res (2018) 20:585–95. doi: 10.1093/ntr/ntx084

19. Doward J. Call to End the Stigma of Having a Brain Disorder | Disability | The
Guardian. Available at: https://www.theguardian.com/society/2016/jun/25/
disability-victims-suffer-bullying-and-teasing?CMP=gu_com (Accessed
December 6, 2021).

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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated 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.

Copyright © 2022 Manouchehrinia, Huang, Hillert, Alfredsson, Olsson, Kockum and
Constantinescu. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 840158

https://www.frontiersin.org/articles/10.3389/fimmu.2022.840158/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.840158/full#supplementary-material
https://doi.org/10.1093/brain/awt139
https://doi.org/10.1001/jamaneurol.2015.1788
https://doi.org/10.1038/nrneurol.2016.187
https://doi.org/10.1016/j.jneuroim.2018.10.004
https://doi.org/10.1093/PUBMED/FDW030
https://doi.org/10.1038/s41416-020-01131-w
https://doi.org/10.1038/s41416-020-01131-w
https://doi.org/10.1007/s10654-013-9853-4
https://doi.org/10.1007/s10654-013-9853-4
https://doi.org/10.1212/WNL.0000000000009571
https://doi.org/10.1111/ane.12425
https://doi.org/10.1126/SCIENCE.AAV7188
https://doi.org/10.1126/SCIENCE.AAV7188
https://doi.org/10.1038/NG.3395
https://doi.org/10.1007/S10654-016-0137-7
https://doi.org/10.1007/s10654-013-9853-4
https://doi.org/10.1007/s10654-013-9853-4
https://doi.org/10.3390/IJERPH13111110
https://doi.org/10.1177/1352458515609794
https://doi.org/10.1177/1352458515609794
https://doi.org/10.1093/brain/awt139
https://doi.org/10.1002/14651858.CD011556
https://doi.org/10.1093/ntr/ntx084
https://www.theguardian.com/society/2016/jun/25/disability-victims-suffer-bullying-and-teasing?CMP=gu_com
https://www.theguardian.com/society/2016/jun/25/disability-victims-suffer-bullying-and-teasing?CMP=gu_com
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Smoking Attributable Risk in Multiple Sclerosis
	Introduction
	Method
	Data Source
	Adjustment for Genetic Risk Score
	Statistical Analysis

	Results
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	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 /LeaveColorUnchanged
  /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


