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Background: Non-scarring alopecia is typically represented by two main types:

alopecia areata (AA) and androgenetic alopecia (AGA). While previous

observational studies have indicated a link between non-scarring alopecia and

hypothyroidism, the precise causal relationship remains uncertain. To determine

the potential links between non-scarring alopecia and hypothyroidism, we

conducted a bidirectional two-sample Mendelian randomization (MR) analysis.

Methods: We used independent genetic instruments from the FinnGen

consortium for AA (682 cases, 361,140 controls) and AGA (195 cases, 201,019

controls) to investigate the association with hypothyroidism in the UK Biobank

study (22,687 cases, 440,246 controls). The primary analysis was performed

using the inverse variance-weighted method. Complementary approaches were

employed to evaluate the pleiotropy and heterogeneity.

Results: Genetically predicted AA exhibited a positive causal effect on

hypothyroidism (odds ratio [OR], 1.0017; 95% confidence interval [CI], 1.0004-

1.0029; P = 0.0101). Additionally, hypothyroidism was found to be strongly

correlated with an increase in the risk of AA (OR, 45.6839; 95% CI, 1.8446-

1131.4271, P = 0.0196). However, no causal relationship was demonstrated

between AGA and hypothyroidism. A sensitivity analysis validated the integrity

of these causal relationships.

Conclusion: This MR study supports a bidirectional causal link between AA and

hypothyroidism. Nevertheless, additional research is needed to gain a more

thorough comprehension of the causal relationship between non-scarring

alopecia and hypothyroidism.
KEYWORDS

non-scarring alopecia, alopecia areata, androgenic alopecia, hypothyroidism,
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1 Introduction

Alopecia is a widespread and troubling problem that can directly

affect an individual’s self-esteem and quality of life. Non-scarring

alopecia is the most commonly occurring type, with alopecia areata

(AA) and androgenetic alopecia (AGA) accounting for the majority

of cases (1). AA is an autoimmune condition characterized by patchy,

sometimes relapsing hair loss (2). It impacts around 2% of the overall

population at some stage during their lifetime (3). Although often

referred to as male-pattern alopecia, AGA is the predominant form of

scalp hair loss affecting both men and women. It is distinguished by

an ongoing miniaturization of the follicular unit, typically following a

distinctive pattern of dispersion (4).

Non-scarring alopecia is a complex process involving genetic

predisposition, environmental triggers, and endocrine factors,

including thyroid hormone, which may contribute to its

pathological changes (5). Hypothyroidism, a common thyroid

dysfunction, is identified by an elevated serum thyroid-

stimulating hormone level and a reduced thyroxine level (6).

Previous studies proposed a significant association between

hypothyroidism and non-scarring alopecia, particularly AA (7–9).

However, due to the heterogeneous methodology and observational

design, some cross-sectional, case-control, and cohort studies as

well as meta-analyses even produced conflicting results (7–13).

Hence, the connection between non-scarring alopecia and

hypothyroidism warrants further investigation.

Mendelian randomization (MR) is an analytic method that

employs genetic variants as instrumental variables (IVs) to

represent potential risk factors (14). These genetic variants are

randomly assigned during conception, thus excluding reverse

causation and confounding bias inherent in observational studies

(14). MR analysis can provide unbiased estimates of disease risk in

the absence of pleiotropy (14). Here, we used a MR analysis to

explore the causal relationship between non-scarring alopecia

and hypothyroidism.
2 Methods

2.1 Study design

To establish the causality between non-scarring alopecia and

hypothyroidism, we performed bidirectional two-sample MR

analyses utilizing summary statistics from genome-wide association

studies (GWASs). Ethical approval and informed consent were not

needed for this study because it used the summary-level publicly

available GWAS data, and all of the original studies had already met

these approval requirements. The report follows the guidelines for

Strengthening the Reporting of Observational Studies in Epidemiology

- Mendelian Randomization (15).
Frontiers in Endocrinology 02
2.2 Data sources

GWAS summary statistics for AA and AGA (according to the

international classification of diseases [ICD] codes) was selected from the

FinnGen Consortium R9, including 361,822 (682 AA cases and 361,140

controls) and 201,214 (195AGA cases and 201,019 controls) European-

descent participants, respectively (https://www.finngen.fi/en)

(Supplementary Table 1). For hypothyroidism, summary statistics of a

GWAS including 22,687 subjects from the UK Biobank (UKB) with

hypothyroidism (according to self-reported history of hypothyroidism/

myxedema) and 440,246 controls were considered (https://

gwas.mrcieu.ac.uk/datasets/ukb-b-19732/) (Supplementary Table 1).

The age at diagnosis for self-reported hypothyroidism ranged from 0

to 70 years. Demographic information about participants, including age

and gender, is available in the FinnGen project (https://risteys.finngen.fi/

). The FinnGen and UKB GWAS datasets have little overlap, which

ensures a low type 1 error rate for both forward and reverse MR.
2.3 Genetic IVs selection

To ensure reliable estimation of causal effects, the single

nucleotide polymorphisms (SNPs) employed as IVs in the MR

analysis must meet three requirements: relevance (highly associated

with the exposure), independence (no shared common cause with

the outcome), and exclusion restriction (only influences the

outcome via the exposure pathway) (16, 17).

In this study, SNPs were utilized as IVs at the genome-wide

significance threshold (P =5×10-8). However, due to the limited

number of SNPs associated with non-scarring alopecia at the

threshold, a less stringent significance level (AA: P =1×10-5, AGA:

P =5×10-5) was recommended. To establish the independence of

SNPs, IVs were clumped within a 10 Mb genetic window at a

stringent linkage disequilibrium (LD) threshold (r2 = 0.001). The

next step was to harmonize the effect estimates for both exposure

and outcome variants. Potential palindromic SNPs were

eliminated. When the outcome datasets did not contain certain

SNPs, we used an appropriate proxy in strong LD with r2 = 0.8.

Subsequently, we screened the PhenoScanner database (http://

www.phenoscanner.medschl.cam.ac.uk/phenoscanner) to exclude

SNPs that could potentially affect the outcome. For example, all

SNPs related to autoimmune diseases (e.g., lupus erythematosus,

and vitiligo), allergic diseases (e.g., atopic dermatitis, and allergic

rhinitis), and mental disorders (e.g., stress, anxiety, and

depression) that could affect AA (18, 19) when considering the

outcome of MR were eliminated. The F-statistics and variance (R2)

were used to assess the strength of the IVs for the selected SNPs to

avoid weak-tool bias (20). Furthermore, we employed the MR-

Egger intercepts (21) and MR pleiotropy residual sum and outlier

(MR-PRESSO) (22) method to identify and eliminate outliers.
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2.4 MR analyses

Bidirectional two-sample MR was performed using four

methods, namely MR-Egger (23), weighted median (WM) (24),

inverse variance weighted (IVW) (25) and robust adjusted

profile score (RAPS) (26), with IVW being the predominant

approach. If heterogeneity was present, a random effects IVW

model was utilized, otherwise a fixed-effect model was applied

(27). Heterogeneity was examined by Cochran’s Q test with the

IVW and MR-Egger methods (28). MR-Egger intercepts (21)

and MR-PRESSO framework (22) were used to assess the

potential directional and horizontal pleiotropy, respectively.

Additionally, we conducted a leave-one-out analysis to

determine if any individual outlier variant influenced the effect

estimates (26).

We performed MR analyses with the statistical software R

(version 4.3.1) and the TwoSampleMR (version 0.5.7) and MR-

PRESSO (version 1.0) packages. The results were reported as odds

ratios (ORs) with 95% confidence intervals (CIs) and were

considered statistically significant at a threshold of P < 0.05. If the

IVW method shows significance, even if the other methods are

inconclusive, it may be considered a positive finding, as long as the

b values from the other methods are in the same direction without

pleiotropy or heterogeneity (29).
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3 Results

3.1 Casual effect of non-scarring alopecia
on hypothyroidism

Following strict exclusion criteria, we identified 8 SNPs for AA,

23 SNPs for AGA as IVs. The F-statistics for all of these IVs were

greater than 10, implying the absence of weak instrument bias

(Supplementary Table 2). According to the IVW analysis, there is

weak evidence of a potential causal effect of AA on the risk of

hypothyroidism, with borderline statistical significance (OR,

1.0017; 95%CI, 1.0004-1.0029; P = 0.0101; Table 1, Figure 1) were

observed. This was confirmed with RAPS method (OR, 1.0017; 95%

CI, 1.0003-1.0031; P = 0.0167; Table 1). The MR-Egger and WM

estimates were consistent with IVW in the same direction, though

without statistical significance (Table 1, Figure 1). However, IVW,

RAPS, WM, andMR-Egger, all failed to support a causal association

of AGA with hypothyroidism (Table 1, Supplementary Figure 1).

These results were supported by an absence of horizontal

pleiotropy, indicated by the non-significant results of MR-Egger

regression and MR-PRESSO (Table 2, Figure 1, Supplementary

Figure 1). The Cochran’s Q test conducted on IVW and MR-Egger,

along with the examination of funnel plots, did not reveal any

evidence of heterogeneity (Table 2, Figure 1, Supplementary
TABLE 1 Bidirectional MR estimates for the associations between non-scarring alopecia and hypothyroidism.

Exposure Outcome Methods nSNPs b OR 95%CI P

AA Hypothyroidism MR Egger 8 0.0002 1.0002 0.9973-1.0031 0.8843

WM 8 0.0015 1.0015 0.9999-1.0031 0.0638

IVW 8 0.0017 1.0017 1.0004-1.0029 0.0101

RAPS 8 0.0017 1.0017 1.0003-1.0031 0.0167

Hypothyroidism AA MR Egger 95 1.4234 4.1511 0.0003-54020.7604 0.7690

WM 95 3.5223 33.8633 0.2444-4692.6806 0.1615

IVW 95 3.8217 45.6839 1.8446-1131.4271 0.0196

RAPS 95 4.0751 58.8579 2.3497-1474.344 0.0131

AGA Hypothyroidism MR Egger 23 0.0005 1.0005 0.9993-1.0018 0.4074

WM 23 -0.0003 0.9997 0.9990-1.0004 0.4343

IVW 23 -0.0003 0.9997 0.9993-1.0002 0.3143

RAPS 23 -0.0002 0.9998 0.9996-1.0001 0.1571

Hypothyroidism AGA MR Egger 112 0.7937 2.2115 4.84×10-5-1.01×105 0.8850

WM 112 -2.2777 0.1025 2.33×105-450.9772 0.5946

IVW 112 0.7087 2.0313 0.0157-262.1790 0.7750

RAPS 112 0.4107 1.5080 0.0120-189.3998 0.8677
frontie
MR, Mendelian randomization; AA, alopecia areata; AGA, androgenetic alopecia; nSNPs, number of single nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; WM, weighted
median; IVW, inverse-variance weighted; RAPS, robust adjusted profile score. Bold: OR ≥1.0 and P < 0.05.
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Figure 1). In addition, upon removing each SNP consecutively, no

significant SNP was identified by leave-one-out analysis

(Supplementary Figures 3A, B).
3.2 Casual effect of hypothyroidism on
non-scarring alopecia

We obtained 95 and 112 independent SNPs as IVs investigating

the casual effect of hypothyroidism on AA and AGA, respectively.

All the SNPs (with F > 10) were deemed strong IVs (Supplementary

Table 2). Strong evidence of a positive causal effect of

hypothyroidism on AA has been demonstrated by both the IVW

(OR, 45.6839; 95%CI, 1.8446-1131.4271; P = 0.0196; Table 1,

Figure 2) and RAPS (OR, 58.8579; 95%CI, 2.3497-1474.344; P =

0.0131; Table 1) methods, with MR-Egger and WM estimating in
Frontiers in Endocrinology 04
the same direction as the IVW method, despite nonsignificance

(Table 1, Figure 1). Nevertheless, the causal effect of

hypothyroidism on AGA was not significantly implicated

(Table 1, Supplementary Figure 2).

No directional pleiotropy, horizontal pleiotropy, or

heterogeneity was observed (Table 2, Figure 2, Supplementary

Figure 2). None of the single IV were found to drive these causal

effects in the leave-one-out analysis (Supplementary Figures 3C, D).
4 Discussion

Hair loss can have significant psychological effects, impacting

the quality of life of those affected negatively. Non-scarring alopecia,

including AA and AGA, affect a considerable proportion of the

population. This MR study is the first examination of the
A B

C

FIGURE 1

Mendelian randomization (MR) analysis of causal effect of alopecia areata (AA) on hypothyroidism. (A) The forest plot displays individual estimates of
hypothyroidism risk for each single nucleotide polymorphism (SNP) as black dots, and pooled estimates as red dots. (B) The scatter plot illustrates
the genetic association between the risk of AA on the x-axis and the risk of hypothyroidism on the y-axis. Each line indicates the causal relationship
for each approach. (C) Funnel plot shows the overall heterogeneity of MR estimates.
TABLE 2 Sensitivity analyses of MR after outlier correction.

Exposure Outcome

Heterogeneity test Pleiotropy test

IVW MR-Egger MR-Egger regression MR-PRESSO

Q P Q P Intercept P RSS P

AA Hypothyroidism 2.321 0.940 1.155 0.979 6.10×10-4 0.322 3.383 0.939

Hypothyroidism AA 95.957 0.424 95.670 0.404 0.010 0.599 99.957 0.415

AGA Hypothyroidism 25.584 0.270 23.514 0.317 -5.20×10-4 0.188 43.468 0.125

Hypothyroidism AGA 112.452 0.444 112.452 0.417 -4.34×10-4 0.986 115.767 0.432
MR, Mendelian randomization; AA, alopecia areata; AGA, androgenetic alopecia; IVW, inverse-variance weighted; MR-PRESSO, MR pleiotropy residual sum and outlier; RSS, residual sum
of squares.
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bidirectional genomic relationship between non-scarring alopecia

and hypothyroidism, to our knowledge. Telogen effluvium, another

noteworthy subtypes of non-scarring alopecia, was not covered by

this study due to the unavailability of GWAS data (30). Our study

found genetic support for a causal relationship between AA and

hypothyroidism and vice versa, but no such relationship between

AGA and hypothyroidism.

The first reported case of AA combined with hypothyroidism

was reported by Hurtado et al. in 1960, according to our keyword

search in PubMed (31). AA and hypothyroidism can coexist in

certain syndromes, such as Laffer Ascher syndrome (32), and

autoimmune polyglandular syndrome (33). Several descriptive

studies have investigated the correlation between AA and

hypothyroidism in the form of prevalence, frequency and clinical

significance (7–9, 34–36).

AA is an autoimmune disease that heightens the risk of thyroid

problems, particularly hypothyroidism. Thyroid dysfunctions

resulting from the autoimmune mechanism are the leading

disorders reported in the literature related to AA patients (7, 36–

38). A case series of 298 patients with AA in a tertiary referral medical

center revealed that hypothyroidism was the most frequent finding of

thyroid dysfunction (35). An Egyptian case-control study reported

that 16% of AA patients had hypothyroidism, with significant

statistical differences in thyroid hormone levels between cases and

controls (36). Another case-control study reported a statistically

significant high incidence of hypothyroidism (14.1%, P = 0.01),

with an observed-to-expected ratio of 5.0 (7). AA patients are more

prone to subclinical hypothyroidism (OR, 19.61; 95% CI, 4.07-94.41;
Frontiers in Endocrinology 05
prevalence, 10.4%), according to a meta-analysis (13). Interestingly, a

significant causative effect of hypothyroidism on the increased risk of

AA was also identified. A case-control study in the United State using

the National AA Registry database consisting of 2,055 self-reported

sporadic AA patients and 558 controls investigated the association

between history of hypothyroidism and risk of AA (9). A history of

hypothyroidism was associated with an increased risk of developing

AA after controlling for covariates, including demographics and

history of atopic and autoimmune diseases (9).

The present study expands on prior research, revealing a mutual

causal relationship between AA and hypothyroidism. The

underpinning mechanisms remain obscure, but it is certain that

these conditions share a common pathogenesis, including genetic

backgrounds and inflammatory processes. Prior studies have

demonstrated that human leukocyte antigen (HLA) class II

haplotypes susceptible to AA are associated with thyroid

autoimmunity (39). HLA-DQB1*03 is positively associated with

both autoimmune hypothyroidism and AA (40, 41).

In addition to genetic aspects, autoimmunity also plays a critical

role in both AA and hypothyroidism. AA is caused by immune

abnormalities in the hair follicles mediated by CD8+ cytotoxic T

lymphocytes (42). Hashimoto’s thyroiditis, a prevalent autoimmune

thyroid disorder, is the leading cause of hypothyroidism in iodine-

rich areas (43). A GWAS of AA also identified the genetic basis of

non-HLA loci related to cytokines produced by T cells, which are

shared with autoimmune hypothyroidism (44). It is assumed that

AA and autoimmune hypothyroidism might share mutual

circulating inflammatory cytokines (34). Emerging evidence has
A B

C

FIGURE 2

Mendelian randomization (MR) analysis of causal effect of hypothyroidism on alopecia areata (AA). (A) The forest plot displays individual estimates of
AA risk for each single nucleotide polymorphism (SNP) as black dots, and pooled estimates as red dots. (B) The scatter plot illustrates the genetic
association between the risk of hypothyroidism on the x-axis and the risk of AA on the y-axis. Each line indicates the causal relationship for each
approach. (C) Funnel plot shows the overall heterogeneity of MR estimates.
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suggested that an imbalance between regulatory T cells and T helper

17 cells may contribute to the development of AA and thyroid

disease (45–47).

AGA is the most prominent form of scalp baldness, impacting

60-70% of the population worldwide (48). Unlike AA, which has an

autoimmune background and is closely associated with autoimmune

hypothyroidism, AGA is an androgen-dependent trait caused by

testosterone and 5a-dihydrotestosterone (48). There are few case-

control studies regarding the relationship between AGA and

hypothyroidism, with only a few case series reported. Thyroid

hormones have a major impact on regulating stem cells in the hair

follicle, contributing to the process of hair growth and cycling (49). A

thyroxine releasing hormone test performed in 31 female AGA

patients showed that 48% of patients tested positive, suggesting that

hypothyroidism may interfere with the androgen metabolism and

contribute to the clinical presentation of female AGA (50). An

observational study found that subclinical hypothyroidism was

present in 11% of female patients with diffuse hair loss, including

telogen effluvium (78%) and female AGA (22%) (51). Traditionally,

alopecia in hypothyroidism has been described as diffuse and

secondary to telogen effluvium (52). However, another

observational study of 15 female patients with diffuse alopecia

secondary to hypothyroidism found no evidence of AGA or

telogen effluvium, according to their medical records, clinical

assessments, trichoscopic evaluations, and histological analyses

(52). In addition, it is worth noting that both alopecia and

hypothyroidism are often accompanied by psychiatric comorbidity

(18, 53). These findings suggested that hypothyroidism may lead to

various types of non-scarring alopecia, beyond AA and AGA,

highlighting the intricate and diverse correlation between

hypothyroidism and non-scarring alopecia.

Our study has several strengths. First, we conducted

bidirectional MR analysis to assess a causal link between non-

scarring alopecia and hypothyroidism with minimization of

potential confounders. Additionally, we utilized MR-Egger

regression intercept and MR-PRESSO tests to identify horizontal

pleiotropy. Our study achieved high accuracy with low

heterogeneity and bias thanks to the lack of overlap between the

GWAS data for AA and hypothyroidism. We also utilized the RAPS

method to address issues concerning the bias of weak IVs and to

improve the robustness of causal estimates.

However, it has several limitations. First, our study utilized

publicly accessible summary statistics obtained from GWAS, which

constrained our ability to analyze the effects of other variables,

including age, race, and sex. Second, the data for AA and AGA were

produced from Finland’s electronic health records, which had a

relatively limited sample size. This may explain the lack of accuracy,

as evidenced by the wide 95% confidence interval and a low-slope fit

line shown in Figure 2. Moreover, the misclassification of AA and

AGA is also a possibility when employing ICD-codes. Furthermore,

we compared specific SNPs with data from the Phenoscanner

database to mitigate potential confounding effects. Nonetheless,

pleiotropy cannot be completely ruled out since precise biologic

function of IVs remains unknown.
Frontiers in Endocrinology 06
5 Conclusion

In conclusion, our study demonstrated a bidirectional causal

relationship between AA and hypothyroidism. As per our findings,

we recommend an integration of thyroid function tests into the

clinical assessment of AA patients. Meanwhile, physicians should to

be aware that patients with hypothyroidism are at an increased risk

of developing AA and should be vigilant in recognizing it. Optimal

management of hypothyroidism could potentially reduce the

frequency and severity of AA. Similarly, appropriate treatment of

AA may decrease the occurrence of hypothyroidism. In addition,

although the MR estimate did not provide evidence for a causal

association between AGA and hypothyroidism, it does not

definitively rule out an association between them. Further

research is needed to substantiate these findings.
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Memije ME, Lammoglia-Ordiales L. Clinical, trichoscopic, and histopathologic
characteristics of patients with alopecia and hypothyroidism: An observational study.
J Am Acad Dermatol. (2018) 79:958–60. doi: 10.1016/j.jaad.2018.04.050

53. Siegmann EM, Müller HHO, Luecke C, Philipsen A, Kornhuber J, Grömer TW.
Association of depression and anxiety disorders with autoimmune thyroiditis: A
systematic review and meta-analysis. JAMA Psychiatry. (2018) 75:577–84.
doi: 10.1001/jamapsychiatry.2018.0190
frontiersin.org

https://doi.org/10.1186/1471-5945-5-11
https://doi.org/10.1210/jc.2014-3985
https://doi.org/10.1111/1523-1747.ep12412584
https://doi.org/10.1007/s10875-007-9102-2
https://doi.org/10.1007/s10875-007-9102-2
https://doi.org/10.1111/bjd.16808
https://doi.org/10.1016/j.beem.2022.101661
https://doi.org/10.1038/nature09114
https://doi.org/10.1111/j.1365-2567.2005.02317.x
https://doi.org/10.1210/jc.2005-2337
https://doi.org/10.1111/1346-8138.12978
https://doi.org/10.1517/14728222.2014.922956
https://doi.org/10.1091/mbc.E14-07-1251
https://doi.org/10.1111/jocd.12559
https://doi.org/10.1016/j.jaad.2018.04.050
https://doi.org/10.1001/jamapsychiatry.2018.0190
https://doi.org/10.3389/fendo.2024.1356832
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Association between non-scarring alopecia and hypothyroidism: a bidirectional two-sample Mendelian randomization study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Data sources
	2.3 Genetic IVs selection
	2.4 MR analyses

	3 Results
	3.1 Casual effect of non-scarring alopecia on hypothyroidism
	3.2 Casual effect of hypothyroidism on non-scarring alopecia

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /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




