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Abstract

Background Obesity is an independent risk factor

for chronic kidney disease (CKD). We compared the

body composition of pediatric nephrology patients

with that of the general child population over 2

decades.

Methods About 4,959 patients above 2 years of age

(mean: 9.6 ± 4.5) were referred to a tertiary pediatric

nephrology clinic from 1985 to 2006. In 3,422

patients (69.0% with the same mean age) there were

sufficient data to analyze body composition,

expressed as body mass index (BMI) Z-score and

calculated on the basis of normal data taken from the

National (USA) Center for Health Statistics (2000).

Results Hematuria (21.68%), recurrent urinary tract

infections (16.09%), proteinuria (13.95%) and hyper-

tension (8.27%) were the most common referral

diagnoses. Mean BMI Z-score of the pediatric nephrol-

ogy patients increased significantly from 0.29 ± 1.07

during the years 1985–1991 to 0.44 ± 1.27 in 1992–

1999 and 0.87 ± 1.70 in 2000–2006 (P \ 0.0001,

ANOVA). Whereas the rate of the increase in BMI Z-

score was not statistically different from that seen in the

normal population, the young nephrology patients had

over the entire time consistently significantly higher

BMI Z-scores (average +0.72) than the comparable

normal USA data. Several disease groups with potential

for development of CKD had higher BMI Z-scores than

found in the age- and sex-adjusted control data.

Conclusions The increased rate of obesity in our

studied population suggests that pediatric nephrol-

ogy patients are at even greater risk for developing

CKD later in life than could be predicted from their

renal disease only. We recommend therapeutic

intervention to address this potentially modifiable

risk factor.
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Introduction

In a previous long-term follow-up of pediatric

nephrology patients, we reported on the changing

pattern of pediatric renal disease over time [1]. In that

paper we identified a high prevalence of obesity in

our young renal patient population and commented

on this finding as a co-morbid factor. The present

paper concentrates and expands specifically on body

composition [measured as body mass index (BMI) Z-

score because of the age and sex dependency of BMI]

in pediatric nephrology patients with BMI Z-scores

obtained from a comparable, age- and sex-adjusted

healthy general pediatric population.

The problems related to obesity are of paramount

importance for all children and especially for those

already suffering from or prone to renal disease. For

instance, a low congenital endowment of nephrons

due to impaired intrauterine nephrogenesis irrespec-

tive of its etiology, prematurity, intrauterine

malnutrition or toxic influences, has been associated

with an increased incidence CKD, hypertension,

diabetes and obesity in later life [2]. A recent

publication by Hsu et al. [3] showed that a high

baseline BMI in young adulthood is an independent

risk factor for the development of end-stage renal

disease (ESRD), even after adjustment for hyperten-

sion and diabetes. Several other reports have indicated

that obesity contributes to the pandemic increase of

CKD in adults [4, 5], whereas similar associations

have been suggested in pediatric studies [6, 7].

These observations are worrisome in the light of

an unprecedented increase in bodyweight during

childhood, which, as we know, is predictive of adult

obesity. Pediatric male BMI increased from an

average of 18.6 in the years 1976–1980 to 19.3 and

19.9 for the time periods of 1988–1994 and 1999–

2002, respectively [8–10].

In the tertiary pediatric nephrology service at the

CHEO in Ottawa, Canada, data on a significant

number of young renal patients have been compiled

during a follow-up of more than 20 years. These data

enabled us to evaluate whether the observed increase

in mean BMI Z-score in children with renal disease

paralleled or deviated from that seen in the general

pediatric population. Being overweight is a poten-

tially modifiable risk factor, and it is therefore

important to determine and treat such a tendency as

early as possible.

Methods

All outpatients (n = 7,926) referred during the period

from April 1985 to June 2006 to the pediatric

nephrology services of the Children’s Hospital of

Eastern Ontario (CHEO) were included in the study.

Since no reference data for BMI Z-scores were

available for children under 2 years of age, 1,351

patients were excluded. Patients with isolated primary

enuresis were also excluded (n = 1,616), as enuresis is

generally not a renal disease. After these deductions,

4,959 patients (mean age of 9.6 ± 4.5 years) remained

of which 3,422 (69.0%) had sufficient data to

calculate the BMI Z-scores. These remaining 3,422

patients (mean age of 9.6 ± 4.3 years) were mostly

Caucasians and 1,856 (54.24%) were female. The data

collected included age at first clinic visit, height,

weight and reason for referral. CHEO’s ethics board

gave full approval for the study.

BMI was calculated from the ratio of weight (kg)

and the square of the height (cm). BMI is age and

gender dependent. Therefore age-independent BMI

Z-scores were calculated using the formula: Z =

[X–l]/r; X is the BMI measured in the patient,

whereas l and r represent the mean and the standard

deviation for age and gender-matched controls taken

from the National Center for Health Statistics (USA).

The most recent National Health and Nutrition

Examination Survey (NHANES) III database

(1999–2002) was used for all patients [11]. In order

to determine the slope of the development of BMI

Z-scores over time, we also used earlier surveys. The

NHANES II data were collected between 1976 and

1980, and the first set of the NHANES III data were

gathered during the years 1988–1994, and the latest

NHANES III data set were collected from 1999 until

2002. As the average BMI Z-score increased over the

time periods of each study, the respective middle of

each time period was chosen to determine the

x-coordinates for the healthy population, namely

1978, 1991 and 2001 for estimation of the regression

line. We then calculated the three control BMI

Z-scores of the averages for all ages (2–19 years)

using the BMI reference data from the most recent

NHANES III data [11] and determined the slope by

regression analysis. For the comparison of the BMI

Z-scores of the patients with those of the normal

population, the slopes and the elevations of the

regression lines were compared using analysis of
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covariance to test the null hypothesis that the slopes

of the regression lines were different.

Statistical analysis was performed with the Graph-

Pad Prism version 4.02 for Windows (GraphPad

Software, San Diego, CA). Contiguous data were

analyzed for normal distribution with the D’Agostini

Pearson omnibus test. Mean and standard deviation

were reported for normally distributed data; other-

wise, median and range were given. Simple

descriptive tests were employed, using appropriate

parametric tests for normally distributed data and

non-parametric tests otherwise. Contingency tables

were analyzed by the chi square test. A P-value of

\0.05 was considered statistically significant. Asso-

ciations between variables (e.g., date of presentation

and BMI Z-score) were assessed with standard

regression analysis.

Results

The most common referral diagnoses were hematuria

(21.68%), recurrent urinary tract infections (16.09%),

proteinuria (13.95%) and hypertension (8.27%). In

3,422 of the 4,959 patients (69.0%, 54.24% female),

sufficient data were available for the calculation of

BMI Z-scores. The proportion of patients with

referral diagnoses that were associated with signifi-

cantly elevated BMI Z-scores did not differ between

the 69% who had sufficient data to calculate the BMI

Z-score and the 31% that had insufficient data

(P = 0.10, chi-square test). The mean BMI Z-score

in females was +0.47 ± 1.28, which was not statis-

tically different from males +0.61 ± 1.46, P = 0.28,

unpaired t-test).

The average body mass index Z-score for both

patients, presented for each 2-year interval, and

controls increased significantly over time (Fig. 1).

The slope of the regression line of the patients’ BMI

Z-score was not significantly different from the

increase in the BMI Z-score in the general population

(P = 0.20), but the elevations of the regression lines

were very different (F = 25.97, P = 0.00034).

The BMI Z-scores were also calculated according

to referral diagnoses. One would expect that patients

with orthostatic proteinuria, generally a benign renal

condition, would have a BMI Z-score close to that of

normal controls. That was indeed the case since their

average BMI Z-score of –0.17 did not differ

significantly from zero. By contrast, several groups

of patients with referral diagnoses that are commonly

associated with the risk for progression to CKD

exhibited significantly elevated BMI Z-scores. Not

unexpectedly, patients with the referral diagnosis of

hypertension exhibited the highest BMI Z-score

(+2.28). Hypertension was the referral diagnosis in

410 patients. Their mean age was 12.5 ± 4.0 years,

which was significantly higher than for the patient

group as a whole (P \ 0.001, unpaired t-test). There

was a significant increase of referrals for hypertension

over the 20-year study (P \ 0.001), and a weak but

significant positive correlation between the year of

presentation with hypertension and the BMI Z-score

(Pearson correlation coefficient 0.18, P = 0.004,

Fig. 2). The mean BMI Z-score of the hypertensive

patients was 2.28 ± 2.07; however, the data were not

normally distributed. The median BMI Z-score was

+1.97, range –1.23 to +9.61, with a 25th percentile of

+0.618 and a 75th percentile of +3.61. Figure 2

illustrates the BMI Z-scores of the 261 hypertensive

patients, plotted versus the year of presentation.

We also found increased BMI Z-scores for certain

other diagnoses that may be associated with

decreased physical activity such as neurogenic blad-

der, commonly associated with spina bifida (average

BMI Z-score +0.35), nephrogenic diabetes insipidus

(average BMI Z-score +0.57) and hypophosphatemic

rickets (average BMI Z-score +1.47). Patients with
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Fig. 1 Average BMI Z-score for each 2-year period over the

20 years of the study (solid line), given as mean ± 1 SD. The

method for the determination of the line for the development of

the BMI Z-score for the general pediatric population (dotted

line) is discussed in the Methods section. The normal average

(BMI Z-score of zero) is given as a straight line for orientation
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hypophosphatemic rickets have a known association

with obesity because of reduced physical activity

owing to chronic bone pain. The high BMI Z-score of

patients with nephrotic syndrome (+1.10) could

possibly be explained by water and salt retention

due to the underlying disease or to corticosteroid

therapy. Similarly, in patients with the referral

diagnosis of proteinuria, the significantly elevated

BMI Z-score could theoretically be due to edema. We

are unaware of any previously published associations

of obesity with hypercalciuria (BMI Z-score of

+0.89) or nephrolithiasis and nephrocalcinosis

(+0.51). Patients with a solitary kidney presumably

have reduced nephron endowment, and their average

BMI Z score of +0.95 is worrisome.

Discussion

This paper analyzes the changes in bodyweight,

expressed as the BMI Z-score, of a large pediatric

nephrology patient population over 2 decades. We

observed a steady increase in the BMI Z-scores of our

young patients with renal disease paralleling the

normal, healthy pediatric population. The increase in

overweight children in North America and Europe is

well recognized [7, 11–13]. An imbalance between

caloric intake and energy expenditure is responsible for

becoming overweight. Several recent epidemiologic

studies have shown that obesity and the metabolic

syndrome are independent predictors of CKD [3, 4]. In

addition to diabetes and hypertension, several other

mechanisms have been postulated to initiate and

maintain kidney injury in patients with obesity and

the metabolic syndrome. There are a number of

potential mechanisms of renal injury in the setting of

obesity, with a focus on the role of inflammation,

hyperlipidemia and hemodynamic factors that may

account for this association [14].

In this context, it is extremely worrisome that

throughout the study period the (Canadian) pediatric

nephrology patients were identified to be heavier than

the average (USA) child population. This finding is

novel and deserves further consideration.

What could be the explanation for our findings?

First, a referral bias has to be considered. This

possibility is unlikely on the basis of the Canadian

public health care system [1]. The geographical

isolation and CHEO’s role as the compulsory pedi-

atric tertiary referral center for approximately

250,000 children in Eastern Ontario and parts of

Western Quebec make referral bias unlikely.

While there are clearly regional differences in the

prevalence of overweight children in Canada, with

the lowest likelihood in the Western provinces and

the highest prevalence of overweight children in the

Atlantic provinces of Canada, childhood body com-

position in Ontario is close to the national average

[12]. It is possible that the socio-economic status of

the families may impact the rate of overweight youth,

and the capital region may in this respect differ from

the average in the country [13]. A recent study

demonstrated that children in high-income neighbor-

hoods were half as likely to be obese as their peers

living in low-income neighborhoods [15]. Thus

children in the capital region should be leaner than

the national average, as the average annual income

per family in the capital region is higher ($69,518)

when compared to the rest of the provincial ($61,024)

and the national median ($55,016) [16]. It is also

unlikely that our population differed from the refer-

ence population. The prevalence of a BMI value at or

above the 95th percentile (overweight) among chil-

dren and adolescents in the United States based on

the 1999–2002 NHANES III database was 16.5%

[17], which compares to a prevalence of 15%

overweight children in Ontario [18]. It is therefore

unlikely that children in Ontario are different from
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Fig. 2 The relationship between BMI Z-score at the time of

first visit for patients with the referral diagnosis of hyperten-

sion. The slope of the regression line was significantly non-

zero, but not significantly different from the normal population.

The normal average (BMI Z-score of zero) is given as a

straight line for orientation
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the NHANES III study population and certainly not

heavier than children in the USA.

Because of the possible influence of the changing

incidence of renal disease in the pediatric population

[1], we separately analyzed two disease entities

known to be associated with increased bodyweight:

nephrotic syndrome, which is associated with edema

and/or corticosteroid therapy [19], and hypertension

[20–22]. The vast majority of patients with nephrotic

syndrome were seen at initial diagnoses prior to

initiation of steroid therapy [23]. While an edematous

state would contribute to an elevated BMI Z-score,

the overall effect would be negligible due to the small

number of children with nephrotic syndrome in our

study cohort (1.4%). Many of the other referral

groups that clearly are associated with an increased

risk for CKD also exhibited increased average BMI

Z-scores. There was certainly an increase in the

referral pattern of children with hypertension over

time, as observed by others [24]. As the percentage of

other referral diagnoses such as enuresis or protein-

uria did not increase (data not shown), we

hypothesize that we observed a true increase of

children with hypertension, probably owing to the

increase of weight, and our observation was not due

to a selection bias. In total, these patients comprised

7.63% of our study population, and their mean BMI

Z-score was rather high at +2.28. Some other

diagnoses such as hypophosphatemic rickets do not

exhibit a nephrological explanation for their obesity,

but rather immobility owing to their chronic disease.

The association of nephrogenic diabetes insipidus

with obesity is unusual, as intuitively these children

would demonstrate a tendency towards dehydration.

We wonder whether consumption of high-caloric

drinks may explain the obesity in this patient cohort.

Regardless, patients with hypophosphatemic rickets

have a risk for CKD secondary to treatment-induced

nephrocalcinosis, and nephrogenic diabetes insipidus

patients can develop CKD secondary to the develop-

ment of neurogenic bladder and increased bladder

capacity. Therefore control of body weight is an

important task in these patients.

In adult patients, CKD has been linked to obesity,

generally in diabetics [4, 25]. This probably also

holds true for CKD secondary to diabetic nephrop-

athy in children [26]. The proportion of referrals for

diabetic nephropathy was insignificant (0.50%) and

would also not have influenced the mean reported

BMI Z-scores for the entire study population. Possi-

ble confounding factors include parents’ BMI,

exercise and lifestyle, all of which were unavailable

for the current study. The patient age at referral

increased significantly over the 2 decades of the

study.

The make-up of pediatric nephrology patients is

changing, and we nowadays encounter a more adult-

like pattern of lifestyle-related problems such as

obesity-related hypertension.

The most important next step is to confirm the

findings of this study in other pediatric nephrology

populations. If indeed confirmed, the recently dem-

onstrated link between a high BMI in child- and early

adulthood and the risk for developing CKD later in

life gives rise to significant concern. The data of the

present study point to a major threat to the future

health of pediatric nephrology patients with further

aggravation of the already alarming increase of CKD.

A large proportion of our young renal patients was

seen for conditions such as proteinuria, hypertension,

hematuria, etc., all of which are clearly associated

with a higher risk of CKD. Assuming that obesity is

causative for the increase of CKD, weight would be a

modifiable risk factor, and substantial resources

should be devoted towards prevention and treatment

of childhood obesity.

This study demonstrates that Canadian (Ontario)

pediatric nephrology patients have a higher BMI than

the average US childhood population, while the rate

of increase is similar to that in the general population.

The lack of a local or Canadian control group forms a

major limitation. We are currently repeating the study

in another center where we have access to a very

sizeable control group. The limited literature suggests

that the prevalence of unhealthy weights in Canadian

children and youth is comparable to that of the US.

We were unable to explain this finding by specific

confounding factors such as hypertension and edema.

Adolescents were more affected than younger chil-

dren. This implies that these patients are at even

greater risk for development of CKD later in life. We

therefore strongly recommend therapeutic interven-

tion to address this potentially modifiable risk factor.

Acknowledgments This study was funded by grants to Peter

McLaine and Guido Filler by the CHEO Research Institute.

Mrs. Elaine Orrbine and Dr. Peter McLaine initiated the

database in conjunction with a national initiative of the

Canadian Paediatric Kidney Disease Research Centre

Int Urol Nephrol (2007) 39:1235–1240 1239

123



(CPKDRC). We express our gratitude to all other pediatric

nephrologists (Dr. Norman Wolfish, Dr. Janusz Feber and Dr.

Gabrielle Weiler) and the fellows and residents at CHEO who

filled-out the data collection documents. We thank Darlene

Poulin for her endless patience with the data collection after

2003 and her valuable editing of the English language. We

thank Dr. Kathy Speechley for her valuable advice.

References

1. Filler G, Payne RP, Orrbine E et al (2005) Changing trends

in the referral patterns of pediatric nephrology patients.

Pediatr Nephrol 20:603–608

2. Rodriguez-Soriano J, Aguirre M, Oliveros R et al (2005)

Long-term renal follow-up of extremely low birth weight

infants. Pediatr Nephrol 20:579–584

3. Hsu CY, McCulloch CE, Iribarren C et al (2006) Body

mass index and risk for end-stage renal disease. Ann Intern

Med 144:21–28

4. Ribstein J, du Cailar G, Mimran A (1995) Combined renal

effects of overweight and hypertension. Hypertension

26:610–615

5. Leiter LA, Abbott D, Campbell NR et al (1999) Lifestyle

modifications to prevent and control hypertension. 2.

Recommendations on obesity and weight loss. Canadian

Hypertension Society, Canadian Coalition for High Blood

Pressure Prevention and Control, Laboratory Centre for

Disease Control at Health Canada, Heart and Stroke

Foundation of Canada. CMAJ 160(9 Suppl):S7–12

6. Celi F, Bini V, De Giorgi G et al (2003) Epidemiology of

overweight and obesity among school children and ado-

lescents in three provinces of central Italy, 1993–2001:

study of potential influencing variables. Eur J Clin Nutr

57:1045–1051

7. Cameron N, Norgan NG, Ellison GTH (eds) (2006)

Childhood obesity; contemparary issues, Soc for the study

of human biology series. CRC Press, Boca Raton Fla., p 272

8. Ogden CL, Fryar CD, Carroll MD, Flegal KM (2004)

Mean bodyweight, height and body mass index. United

States 1960–2002. Advance data from vital and health

statistics; no 347. National Center for Health Statistics,

Hyattsville, Maryland

9. Cook S, Weitzman M, Auinger P et al (2003) Prevalence

of a metabolic syndrome phenotype in adolescents: find-

ings from the third National Health and Nutrition

Examination Survey, 1988–1994. Arch Pediatr Adolesc

Med 157:821–827

10. Strauss RS, Pollack HA (2001) Epidemic increase in

childhood overweight, 1986–1998. JAMA 286:2845–2848

11. National Center for Health Statistics (2000) NCHS—2000

CDC Growth Charts: United States. http://www.cdc.gov/

growthcharts/. Cited 29 July 2006

12. Willms JD, Tremblay MS, Katzmarzyk PT (2003) Geo-

graphic and demographic variation in the prevalence of

overweight Canadian children. Obes Res 11:668–673

13. Silveira D, Taddei JA, Schimith Escrivao MA et al (2006)

Risk factors for overweight among Brazilian adolescents of

low-income families: a case-control study. Public Health

Nutr 9:421–428

14. Wahba IM, Mak RH (2007) Obesity and obesity-initiated

metabolic syndrome: mechanistic links to chronic kidney

disease. Clin J Am Soc Nephrol, published online March

14, 2007: doi:10.2215/CJN.04071206

15. Veugelers PJ, Fitzgerald AL (2005) Prevalence of and risk

factors for childhood overweight and obesity. CMAJ

173:607–613

16. Canadian Council on Social Development (2003) Analysis

of the Spring 2003 Census Release on Income in Canada.

http://www.ccsd.ca/pr/2003/censusincome.htm Cited 30

July 2006

17. Hedley AA, Ogden CL, Johnson CL et al (2004) Preva-

lence of overweight and obesity among US children,

adolescents, and adults, 1999–2002. JAMA 291:

2847–2850

18. Janssen I, Katzmarzyk PT, Boyce WF et al (2004). Over-

weight and obesity in Canadian adolescents and their

associations with dietary habits and physical activity pat-

terns. J Adolesc Health 35:360–367

19. Foster BJ, Shults J, Zemel BS et al (2004) Interactions

between growth and body composition in children treated

with high-dose chronic glucocorticoids. Am J Clin Nutr

80:1334–1341

20. Robinson RF, Batisky DL, Hayes JR et al (2004) Body

mass index in primary and secondary pediatric hyperten-

sion. Pediatr Nephrol 19:1379–1384

21. Feld LG, Springate JE, Waz WR (1998) Special topics in

pediatric hypertension. Semin Nephrol 18:295–303

22. Horn NJ, Watson AR, Coleman JE (1994) Hypertensive

adolescents detected by a school surveillance programme:

a problem of obesity. J Hum Hypertens 8:319–321

23. Filler G, Young E, Geier P et al (2003) Is there really an

increase in non-minimal change nephrotic syndrome in

children? Am J Kidney Dis 42:1107–1113

24. Luma GB, Spiotta RT (2006) Hypertension in children and

adolescents. Am Fam Physician 73:1558–1568

25. Tuomilehto J, Lindstrom J, Eriksson JG et al, Finnish

Diabetes Prevention Study Group (2001) Prevention of

type 2 diabetes mellitus by changes in lifestyle among

subjects with impaired glucose tolerance. N Engl J Med

344:1343–1350

26. Barrett T, Ehtisham S, Maher E (2004) The changing face

and implications of childhood obesity. N Engl J Med

350:2414–2416

1240 Int Urol Nephrol (2007) 39:1235–1240

123

http://www.cdc.gov/growthcharts/
http://www.cdc.gov/growthcharts/
http://www.ccsd.ca/pr/2003/censusincome.htm

	Pediatric nephrology patients are overweight: 20 years’ experience in a single Canadian tertiary pediatric nephrology clinic
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


