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Abstract

Background: Few data have been published on the associations of ferritin with trunk and leg fat depots. We aimed to
investigate these associations in a Chinese population.

Methodology: Trunk fat mass and leg fat mass were determined in a cross-sectional sample of 1,150 Chinese (479 men and
671 women) aged 50–70 years by dual-energy X-ray absorptiometry scan. Fasting plasma ferritin was measured.

Principal Findings: Plasma ferritin was positively correlated with waist circumference, waist-to-hip ratio, total body fat and
trunk fat mass, but inversely correlated with leg fat mass in men (r = 0.16, 0.26, 0.19, 0.22 and 20.12, respectively, all P,0.05)
and women (r = 0.16, 0.16, 0.08, 0.17 and 20.12, respectively, all P,0.05). Multivariate regression analysis showed that
ferritin levels increased with larger trunk fat mass (b= 0.33 6 0.08 for men and b= 0.21 6 0.05 for women, both P,0.001)
while decreased with larger leg fat mass (b= 20.12 6 0.09, P = 0.15 for men; and b= 20.14 6 0.05, P = 0.005 for women).
Moreover, plasma ferritin levels decreased with increasing tertile of leg fat mass among each tertile of trunk fat mass.

Conclusion: This is the first study to report the opposite associations of trunk and leg fat depots with plasma ferritin levels.
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Introduction

Elevation of circulating ferritin concentrations, reflecting body

iron overload, has been well established to be associated with

diabetes and its risk factors such as obesity, metabolic syndrome

and chronic inflammation [1–5]. Several previous studies found

that increased circulating ferritin levels were associated with

indices of abdominal obesity such as waist-to-thigh ratio [6], waist-

to-hip ratio [1] and abdominal visceral and subcutaneous fat area

[2]. In contrast to the adverse effects of excess abdominal or trunk

adiposity, leg fat depot has been reported to have favorable

associations with glucose metabolism and other metabolic risk

[7,8]. However, until now, few data have been published on the

association between ferritin and regional fat distribution, partic-

ularly leg fat depot, evaluated by whole-body dual-energy X-ray

absorptiometry (DXA) scan. Therefore, we aimed to investigate

the association of plasma ferritin concentrations with trunk and leg

fat accumulation measured by DXA in 479 men and 671 women

aged 50–70 years in shanghai, China.

Methods

The study population was a sub-set of participants in the

Nutrition and Health of Aging Population in China Project, a

population based cross-sectional survey among 3,289 residents

aged 50–70 years from Beijing and Shanghai in 2005. The study

design and protocols have been described in detail elsewhere [9].

Briefly, information on demographic characteristics, disease status,

lifestyle practice, and physical activity was collected using a

standard questionnaire. Waist and hip circumferences were

measured and overnight fasting blood samples were collected.

Whole-body DXA scan was performed using Hologic QDR

4500 W scanner (Hologic Inc., Bedford, MA, USA). Fat mass of

whole body, trunk (including thorax, abdomen and pelvis) and leg

(sum of left leg and right leg) regions were analyzed with software

provided by the manufacturer. Plasma ferritin was measured by

using a commercially available particle-enhanced immunoturbidi-

metric kit (Shanghai Gensource Co., Ltd., Shanghai, China) [3].

As the DXA scanner was available only in Shanghai fieldwork,

participants from Shanghai were invited to take a DEXA scan and

1179 people (71.5% of 1648 Shanghai study participants) were

recruited and completed the whole body scan. Among Shanghai

participants, there is no significant difference between people who

attended and who did not in age, waist circumference, family

history of chronic disease, smoking and alcohol drinking. Subjects

with irremovable metal artefacts and/or jewellery were excluded

from the present analyses. Finally, a total of 1150 participants (479
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men and 671 women) with DXA scan and plasma ferritin

measured were included in the current analyses. Study protocol

was approved by the Institutional Review Board of the Institute for

Nutritional Sciences, and written informed consents were obtained

from all participants.

Statistical analysis
Analyses were performed in men and women separately due to

gender differences of fat distribution. Trunk and leg fat were

normally distributed in both genders. Ferritin concentrations were

natural log-transformed before analyses. Correlation coefficients

between ferritin and waist circumference, hip circumference,

waist-to-hip ratio, total body fat mass, trunk fat mass and leg fat

mass were calculated by Spearman correlation analysis. Multivar-

iate linear regression models were used to test the determinants of

plasma ferritin concentrations. Analysis of covariance was used to

compare ferritin levels according to the tertiles of trunk fat mass

and leg fat mass. Potential confounders included age, residence,

educational attainment, alcohol drinking, smoking, physical

activity, self reported cardiovascular disease (CVD), family history

of diabetes and CVD and menopause status (in women

participants). Data were analyzed using Stata (version 9.2; College

Station, TX). P,0.05 (two sided) was considered statistically

significant.

Results

The characteristics of the study participants are shown in

Table 1. As expected, women have significantly higher mean levels

of hip circumference (P,0.05), more total body, trunk and leg fat

mass (all P,0.001), although men have significantly higher mean

levels of total body mass and larger waist circumference (both

P,0.05) and they more likely to be alcohol drinkers and smokers.

Plasma ferritin concentrations were higher in men than in women

(median [interquartile range]:149.8 [97.5–219.5] vs.111.6 [73.10–

165.4], P,0.001).

In Spearman correlation analyses, we found that plasma ferritin

was positively correlated with waist circumference, waist-to-hip

ratio, total body fat mass and trunk fat mass, while inversely

correlated with leg fat mass in both men (r = 0.16, 0.26, 0.19, 0.22

and 20.12, respectively, all P,0.05) and women (r = 0.16, 0.16,

0.08, 0.17 and 20.12, respectively, all P,0.05) after adjusted for

age and residence (Table 2). Multivariate linear regression analyses

also showed that nature log-transformed ferritin levels were

positively associated with trunk fat mass in both genders

(b= 0.33 6 0.08 for men and b= 0.2160.05 for women, both

P,0.001), and inversely associated with leg fat mass in women

(b= 20.14 6 0.05, P = 0.005). Ferritin levels also decreased with

increased leg fat mass in men but did not reach the statistic

significance (b= 20.12 6 0.09, P = 0.15).

As shown in Figure 1, after isolating 9 groups of participants

with different fat distribution types according to the tertiles of

trunk fat and leg fat mass, plasma ferritin levels trended to increase

with more trunk fat mass both in men and women, as well as less

leg fat mass in men. In women participants, ferritin levels were

lower in bottom and middle tertiles than those in the highest tertile

of leg fat mass, though they did not show a regular increased trend

across the tertiles of leg fat mass.

Discussion

This is the first study to report the opposite associations of

trunk fat and leg fat depots with plasma ferritin concentrations.

The positive association of ferrtin with waist circumference,

waist-to-hip ratio, and trunk fat mass observed in current study

was in line with the fact that most of previous studies have

reported the significant association between elevated ferritin

levels and abdominal obesity [1,2,6]. More interestingly, we

found a novel association between larger leg fat and lower ferritin

levels. To our knowledge, although the favorable effect of leg fat

on metabolic disease risk has been recognized, no study has

reported its effect on circulating ferritin concentrations. Notably,

the opposite associations of trunk fat and leg fat with ferritin levels

were independent of each other and larger leg fat mass appeared

to have favorable association with ferritin among different levels

of trunk fat mass.

Regulation of ferritin is complex, and a number of factors such

as oxidative stress, inflammation, oncogenes, growth factors and

other stimuli were implicated [4]. Excess fat may promote fatty

Table 1. Characteristics of study participants*.

Men
(N = 479)

Women
(N = 671) P

Age (yr, n, %) 59.065.9 58.566.1 0.21

Urban residents
(n, %)

210 (43.8) 310 (46.2) 0.43

Smoking (yes, n, %) 342 (71.4) 9 (1.3) ,0.001

Alcohol drinking
(yes, n, %)

193 (40.3) 30 (4.5) ,0.001

Education (yr, n, %) ,0.001

0–6 221 (46.1) 374 (55.8)

7–9 139 (29.0) 176 (26.2)

$10 119 (24.9) 121 (18.0)

Physical activity (n, %) 0.07

Low 30 (6.3) 42 (6.3)

Moderate 198 (41.3) 322(48.0)

High 251 (52.4) 307 (45.8)

Self-reported CVD{
(n, %)

27 (5.6) 34 (5.1) 0.68

Family history of
diabetes1 (n, %)

48 (10.0) 83(12.4) 0.35

Family history of CVD1

(n, %)
75 (15.7) 126(18.8) 0.25

Post-menopause
(n, %)

593 (88.6)

Waist circumference
(cm)

83.34610.39 80.0069.87 ,0.001

Hip circumference
(cm)

90.9865.79 91.9066.58 0.03

Waist-to-hip ratio 0.9160.07 0.8760.07 ,0.001

Total body fat mass
(kg)

13.565.1 18.865.6 ,0.001

Trunk fat mass (kg) 7.5763.32 10.0163.45 ,0.001

Leg fat mass (kg) 3.6461.35 5.5661.73 ,.0001

Ferritin (mg/l)|| 149.8
(97.5–219.5)

111.6
(73.10–165.4)

,0.001

*Data are mean 6 SD, median (interquartile range) or number (%); P value was
calculated after adjusted for age and urban/rural residence (where appropriate).
{Self-reported CVD including stroke and coronary heart disease.
1Parents or siblings had a history of diabetes or CVD.
|| This variable was log-transformed before analysis.
doi:10.1371/journal.pone.0013316.t001
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acid oxidation and lead to oxidative stress [10], which has been

shown to contribute to ferritin induction. Since lower body fat is

less metabolically active [11], and thus less involved in oxidative

metabolic processes than upper fat mass. Indeed, a previously

study has found that waist and hip circumferences had opposite

association with plasma ascorbic acid (a known antioxidant)

concentrations [12]. These findings suggest that fatty acid

oxidation may be implicated in the association between regional

fat distribution and circulating ferritin levels. It is also possible

that the opposite associations are mediated by inflammatory

factors. Several previous studies have reported that increased c-

reactive protein (CRP) and interleukin-6 levels were associated

with larger trunk or abdominal fat [13–15], while a recent study

found an association between increasing lower body fat and lower

CRP levels [16]. Nevertheless, further studies are needed to

clarify the underlying mechanism between ferritin and fat

distribution.

The present study has some limitations. Due to no DXA

scanner available in Beijing fieldwork, only the participants in

Shanghai were invited to have body fat measured. Moreover,

because the present study was conducted in middle-aged and older

Chinese (aged 50 to 70 years), the results might not generalize to

general populations and other ethnic groups. In addition, we did

observe an inverse correlation between leg fat and ferritin,

however, after multiple adjustment for various confounders, the

association did not reach the statistic significance in men. It might

attribute to the relative smaller sample size in men than in women.

Further studies with larger sample sizes are needed to establish the

association between ferritin and leg fat depot in men.

In conclusion, we found that trunk fat and leg fat have opposite

associations with plasma ferritin levels. Considering the crucial

role of ferritin in diabetes risk, our findings provided a new

insight to potential roles of leg fat depot in ferritin-diabetes

association.

Table 2. Associations of plasma ferritin and indices of body fat distribution.

Men (n = 479) Women (n = 671)

Spearman correlation* Standardized regression { Spearman correlation* Standardized regression{

r P b (SE) P r P b (SE) P

Waist circumference{ 0.16 ,0.001 0.27 (0.09) 0.003 0.16 ,0.001 0.23 (0.06) ,0.001

Hip circumference{ 20.02 0.71 20.01 (0.09) 0.88 20.10 0.007 20.15 (0.06) 0.022

Waist-to-hip ratio 0.26 ,0.001 0.23 (0.05) ,0.001 0.16 ,0.001 0.14 (0.04) ,0.001

Total body fat 0.19 ,0.001 0.22 (0.05) ,0.001 0.08 0.031 0.09 (0.04) 0.026

Trunk fat mass1 0.22 ,0.001 0.33 (0.08) ,0.001 0.17 ,0.001 0.21 (0.05) ,0.001

Leg fat mass1 20.12 0.010 20.12 (0.09) 0.15 20.12 0.002 20.14 (0.05) 0.005

*Adjusted for age and residence (urban/rural).
{Adjusted for age, residence (urban/rural), alcohol drinking, smoking, education attainment, physical activity, self-reported CVD, and family history of diabetes and CVD
and menopause status (in women participants); plasma ferritin concentrations were nature log-transformed.
{Additionally adjusted for waist circumference or hip circumference (each other).
1Additionally adjusted for trunk fat mass or leg fat mass (each other).
doi:10.1371/journal.pone.0013316.t002

Figure 1. Adjusted mean levels of plasma ferritin according to the tertiles of trunk and leg fat mass. Data are geometric means for after
adjusted for age, residence, alcohol drinking, smoking, educational attainment, physical activity, self-reported CVD, family history of diabetes and
CVD and menopause status (in women participants).
doi:10.1371/journal.pone.0013316.g001
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5. Vari IS, Balkau B, Kettaneh A, André P, Tichet J, et al. (2007) Ferritin and

Transferrin Are Associated With Metabolic Syndrome Abnormalities and Their
Change Over Time in a General Population. Diabetes Care 30: 1795–1801.

6. Oshaug A, Bugge KH, Bjonnes CH, Borch-Iohnsen B, Neslein IL (1995)
Associations between serum ferritin and cardiovascular risk factors in healthy

young men. A cross sectional study. Eur J Clin Nutr 49: 430–438.

7. Snijder MB, Dekker JM, Visser M, Bouter LM, Stehouwer CDA, et al. (2004)
Trunk Fat and Leg Fat Have Independent and Opposite Associations With

Fasting and Postload Glucose Levels: The Hoorn Study. Diabetes Care 27:
372–377.

8. Vega GL, Adams-Huet B, Peshock R, Willett D, Shah B, et al. (2006) Influence

of Body Fat Content and Distribution on Variation in Metabolic Risk. J Clin
Endocrinol Metab 91: 4459–4466.

9. Ye X, Yu Z, Li H, Franco OH, Liu Y, et al. (2007) Distributions of C-Reactive
Protein and its Association With Metabolic Syndrome in Middle-Aged and

Older Chinese People. Journal of the American College of Cardiology 49:

1798–1805.

10. Perticone F, Ceravolo R, Candigliota M, Ventura G, Iacopino S, et al. (2001)

Obesity and Body Fat Distribution Induce Endothelial Dysfunction by Oxidative

Stress. Diabetes 50: 159–165.

11. Tan GD, Goossens GH, Humphreys SM, Vidal H, Karpe F (2004) Upper and

Lower Body Adipose Tissue Function: A Direct Comparison of Fat Mobilization

in Humans. Obesity 12: 114–118.

12. Canoy D, Wareham N, Welch A, Bingham S, Luben R, et al. (2005) Plasma

ascorbic acid concentrations and fat distribution in 19 068 British men and

women in the European Prospective Investigation into Cancer and Nutrition

Norfolk cohort study. Am J Clin Nutr 82: 1203–1209.

13. Beasley LE, Koster A, Newman AB, Javaid MK, Ferrucci L, et al. (2009)

Inflammation and Race and Gender Differences in Computerized Tomography-

measured Adipose Depots. Obesity (Silver Spring) 17: 1062–1069.

14. Cartier A, Cote M, Lemieux I, Perusse L, Tremblay A, et al. (2009) Sex

differences in inflammatory markers: what is the contribution of visceral

adiposity? Am J Clin Nutr 89: 1307–1314.

15. Silha JV, Nyomba BLG, Leslie WD, Murphy LJ (2007) Ethnicity, Insulin

Resistance, and Inflammatory Adipokines in Women at High and Low Risk for

Vascular Disease. Diabetes Care 30: 286–291.

16. Khera A, Vega GL, Das SR, Ayers C, McGuire DK, et al. (2009) Sex

Differences in the Relationship between C-Reactive Protein and Body Fat. J Clin

Endocrinol Metab 94: 3251–3258.

Trunk Fat, Leg Fat & Ferritin

PLoS ONE | www.plosone.org 4 October 2010 | Volume 5 | Issue 10 | e13316



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


