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Abstract A retrospective chart review of 40 patients with
sickle cell anemia (SCA) between the ages of 5–19 years
who were seen within a 1-year period was performed to
determine clinical and laboratory correlates for micro-
albuminuria and proteinuria. Age, sex, height, body mass
index (BMI), serum creatinine [and estimated glomerular
filtration rate (eGFR) by Schwartz and MDRD formulas],
type of SCA, hemoglobin (Hb) level [total Hb and
hemoglobin F percentage (HbF%)], lactate dehydrogenase
(LDH) level, reticulocyte count, blood pressure, history of
splenectomy, history of hydroxyurea use, and history of
transfusions were correlated with microalbuminuria and
proteinuria by univariate and multivariate regression anal-
ysis. The prevalence of microalbuminuria and proteinuria
among these patients was 15 and 5%, respectively.
Univariate analyses revealed a significant correlation
between LDH level and microalbuminuria (Pearson r=
0.47, p=0.04) and between LDH level and proteinuria
(Pearson r=0.48, p=0.035). Multivariate analysis revealed a
significant correlation between microalbuminuria and LDH
level (p=0.04) when controlled for age, sex, eGFR, Hb
level, HbF%, type of SCA, BMI, history of transfusions,

and reticulocyte count. In this pediatric SCA population,
LDH was found to correlate with the presence of micro-
albuminuria and proteinuria. Further studies are needed to
confirm LDH as an early marker for the risk of kidney
involvement among SCA patients.
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Introduction

Renal failure due to sickle cell nephropathy is seen in 4–
21% of adult sickle cell anemia (SCA) patients [1, 2]. It is
one of the most serious complications of SCA and
contributes to early mortality from the disease [3]. Duration
of disease, severity of anemia, and genetic factors are
believed to influence the risk of development of renal
disease among patients with SCA [3–9].

SCA is associated with a wide spectrum of renal
abnormalities. Early signs may include impaired urinary
concentrating ability, defects in urinary acidification and
potassium excretion, supranormal proximal tubular function
manifested by increased phosphate reabsorption and in-
creased creatinine secretion, glomerular hyperfiltration, and
proteinuria [10]. As the disease progresses, nephrotic
syndrome and end stage kidney disease can develop [10].
Several markers have been studied as early predictors of
renal involvement, including estimated glomerular filtration
rate (eGFR), microalbuminuria, and proteinuria. Patients
with SCA have a prostaglandin-mediated supranormal GFR
[11]. Glomerular hyperfiltration, regardless of etiology, is
believed to eventually lead to glomerular sclerosis, protein-
uria, and progressive renal failure [12]. GFR returns to
normal levels with aging and frequently becomes subnor-
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mal after age 40 years in patients with SCA [13]. Because
of the increased creatinine secretion, creatinine clearance
becomes an unreliable marker for the early detection of
renal dysfunction among young patients with SCA.

Both microalbuminuria and proteinuria are common
findings in adults with SCA [3, 14–16]. Several studies
have revealed the prevalence of microalbuminuria to range
from 19 to 46% and the prevalence of proteinuria to vary
between 6 and 30% among children with SCA [4, 7, 17–
19]. Microalbuminuria is one of the earliest markers of
kidney damage and has been found to be directly related to
age and inversely related to hemoglobin (Hb) levels among
children with SCA [4]. Typically, microalbuminuria is not
seen until children with SCA reach the age of 6–10 years
[7, 17].

The aim of this study was to determine the prevalence of
microalbuminuria and proteinuria in a pediatric SCA
population at the Robert Wood Johnson Medical School/
Bristol-Myers Squibb Children’s Hospital and to identify
previously unstudied clinical and laboratory variables
associated with microalbuminuria and proteinuria as early
predictors of renal involvement among children with SCA.

Methods

Patients

After obtaining approval for this study from the UMDNJ
Institutional Review Board, we performed a retrospective
chart review on 40 patients with SCA [hemoglobinopathies:
HbSS, HbSC, HbS thalassemia (HbSthal)] who were seen
at the Sickle Cell Clinic at Bristol-Myers Squibb Children’s
Hospital between November 1, 2008, and November 1,
2009. Among the 142 patients screened, 40 were enrolled
in the study based on the inclusion and exclusion criteria,
reason for the visit, availability of medical records, and
laboratory results. Any patient between the ages of 5–
20 years with a diagnosis of SCA that was seen as an
outpatient during the specified period was included in the
study. Since the renal involvement correlates with the
duration of SCA, patients younger than 5 years were
excluded from the study. The data were collected from a
pediatric clinic; therefore, there were no patients older than
19 years of age. During their regular visits, patients were
screened for the presence of microalbuminuria and protein-
uria with a first morning urine sample. Samples were not
collected at sick visits. The medical records of these 40
patients were also reviewed for age, sex, weight, height,
body mass index (BMI), type of SCA, Hb level [total Hb
and hemoglobin F percentage (HbF%)], lactate dehydroge-
nase (LDH) level, reticulocyte count, blood pressure,
history of splenectomy, history of hydroxyurea use, history

of transfusions, serum creatinine, and eGFR (calculated by
Schwartz [20] and MDRD [21] formulas based on patient’s
age). Hypertension was defined as systolic and/or diastolic
blood pressure ≥95th percentile on three or more occasions
based on previously developed standards for gender, age,
and height [22].

Analysis

Exploratory data analyses were used to investigate the
distribution of and relationship between variables. Means
and standard deviations (SD) or median and range were
used to summarize data where applicable. Two-sided tests
of statistical significance, including the Pearson chi-squared
coefficient and Fisher’s exact test for categorical variables
and Student’s t test and Mann–Whitney test for continuous
variables, were used. All variables were correlated with
microalbuminuria and proteinuria by univariate and multi-
variate regression analysis. A p value <0.05 was considered
to be significant. Statistical analysis was performed using
Prism 5 by Graphpad Software (San Diego, CA).

Results

The final study population consisted of 40 SCA patients
(male:female 20:20, age range 5–19 years, mean age 12±
4.5 years). Among these 40 SCA patients, 81.58% had
HbSS, 13.16% had HbSC, and 5.26% had HbSthal disease.
A total of 64.9% of all patients had a history of blood
transfusions, and six patients (15%) were on chronic
transfusion therapy. Twenty patients (50%) were on
hydroxyurea therapy. Microalbuminuria (urine albumin/
creatinine >30 Mcg/mg) was present in six patients
(15%). The prevalence of proteinuria (urine protein/creat-
inine >0.2 mg/mg) was 5% (2/40 patients). No child
<12 years had microalbuminuria. The mean eGFR level
was 175.8±37.5 mL/min/1.73 m2, with a range of 125–
277 mL/min/1.73 m2. Two patients (5%) had hypertension
and one (2.5%) had a BMI >95th percentile for age; these 3
patients did not have microalbuminuria or proteinuria and
were therefore not excluded from the analyses. One patient
was on an angiotensin converting enzyme inhibitor (ACEi)
therapy and had microalbuminuria and proteinuria despite
being on this treatment; therefore, he was included in
analyses. Four of the six patients with microalbuminuria
(66.7%) and one of the two patients (50%) with proteinuria
were on hydroxyurea treatment. Only one of the patients
with microalbuminuria and/or proteinuria was on chronic
transfusion therapy.

Univariate analyses revealed a significant correlation
between LDH level and microalbuminuria (Pearson r=
0.47, p=0.04) and between LDH level and proteinuria
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(Pearson r=0.48, p=0.035). The repeat univariate analysis
among patients with HbSS disease alone (33 patients) did
not reveal a significant correlation with LDH levels.

Multivariate analysis revealed a significant correlation
between microalbuminuria and LDH level (p=0.04) and an
equivocal correlation between microalbuminuria and histo-
ry of splenectomy (p=0.05) when controlled for age, sex,
eGFR, Hb level, HbF%, type of SCA, BMI, history of
transfusion, and reticulocyte count. When groups were
categorized according to the presence of microalbuminuria,
they were found to be significantly different for serum LDH
level (Table 1), and the significant difference in the mean
serum LDH level persisted when the analysis was repeated
among HbSS patients alone (p=0.041). Further analyses
also revealed a significant age difference between patients
with and without proteinuria and a significant Hb level
difference between patients with and without microalbumi-
nuria (Table 1). The remaining categorical and continuous
variables were not found to be significantly different
between groups (Tables 1 and 2). The repeat analysis of
categorical and continuous variables among HbSS patients
alone revealed similar results (data not shown).

Discussion

Sickle cell nephropathy is an important cause of mortality
among patients with SCA [3]. Renal injury is believed to
start in childhood with progressive worsening of renal
function into adult years [23]. ACEi and hydroxyurea
treatments have been shown to be beneficial for the
prevention and control of sickle cell nephropathy [7, 18,
24, 25]. Early detection of manifestations of renal involve-
ment as well as early identification of risk factors for renal
involvement can allow the clinician to offer a rational
treatment for the SCA patient.

In an earlier study, we observed that children with SCA had
elevated creatinine clearance and that this did not correlate
with the prevalence of microalbuminuria or proteinuria [17].
Although our results on creatinine clearances need to be
confirmed by more reliable studies of GFR, this finding may
suggest a different mechanism for glomerular damage among
patients with SCA. Our results indicate that LDH could be
used as an early marker to identify the risk of renal
involvement among patients with SCA. Serum LDH level
is used as a surrogate measure of intravascular hemolysis.
Hemolysis is a pathologic mechanism leading to cardiovas-
cular, pulmonary, gastrointestinal, and renal manifestations in
a variety of human diseases [26]. LDH elevation is also
believed to be a marker of SCA patients with a syndrome of
hemolysis associated nitric oxide (NO) resistance, endothe-
lial dysfunction, and end-organ vasculopathy [27]. The
degree of hemolysis varies among patients with SCA, and
it has been proposed that chronic intravascular hyper-
hemolysis may represent a novel SCA sub-phenotype which
may require new therapeutic strategies [28]. Hyper-
hemolysis has been found to be associated with premature
mortality in adults with SCA [28]. The observed hemolysis-
related organ damage is believed to arise from NO depletion
via direct scavenging reactions with free plasma Hb and
impaired NO generation due to enzymatic consumption of
arginine by red blood cell arginase I [26–29]. Genetic factors
are believed to influence the risk and type of renal
involvement among SCA patients; however, whether the
hyper-hemolysis sub-phenotype of SCA is a separate risk
factor for renal involvement still needs to be explored.

There are several limitations to our study. Secondary to the
cross-sectional design of this study, it is difficult to conclude a
cause and effect relationship between the variables analyzed.
Therefore, further studies are needed to confirm hyper-
hemolysis as an independent risk factor for renal involvement
and microalbuminuria. Secondary to the previously identified

Table 1 Continuous variables

Variable Microalbuminuria Proteinuria

Microalbuminuria present No microalbuminuria Significance
(p value)

Proteinuria present No proteinuria Significance
(p value)

Age (years) 14.5 ± 3.9 11.6 ± 4.5 0.1609 18.5 ± 0.5 11.7 ± 4.4 0.0394

eGFR (mL/min/1.73 m2) 176.2 ± 38.6 175.7 ± 37.2 0.9766 177.18 ± 48.8 175.7 ± 36.7 0.9591

Hemoglobin level (g/dL) 8.2 ± 1.1 9.5 ± 2.3 0.0478 8.8 ± 0.2 9.3 ± 2.2 0.6682

Reticulocyte count (%) 9.3 ± 4.5 7.0 ± 4.0 0.2291 9.4 ± 4.4 7.3 ± 4.2 0.5083

Hemoglobin F (%) 13.8 ± 13.2 11.1 ± 10.2 0.6146 15.5 ± 14.2 11.4 ± 10.6 0.6229

LDH (IU/L) 499.3 ± 118.1 366.5 ± 111.6 0.0062 525.5 ± 72.5 386.5 ± 125.8 0.0836

Values are given as the mean ± standard deviation

eGFR, estimated glomerular filtration rate; LDH, lactate dehydrogenase
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differences in severity of renal involvement in different SCA
subtypes [9, 18], the analyses were repeated with HbSS
patients alone to validate the results. Repeat univariate
analysis of microalbuminuria and proteinuria among HbSS
patients alone did not reveal a significant correlation with
serum LDH levels; however, the mean serum LDH level was
still significantly higher among HbSS patients with micro-
albuminuria than among HbSS patients without micro-
albuminuria. This could be due to the small sample size
and needs to be validated in future larger studies that include
higher numbers of patients of all SCA subtypes.

Similar to results reported in previous studies, we
observed a significant difference in age between patients
with and without proteinuria. However, there was no
significant difference in age between patients with and
without microalbuminuria. This result could be secondary
to the small sample size. Previous studies reported no
microalbuminuria among younger children [4, 7, 17], and
in our study population we did not identify microalbumi-
nuria in patients <12 years of age. Similar to previous
studies, the patients with microalbuminuria had a signifi-
cantly lower Hb level than patients without microalbumi-
nuria; however, in our study group there was no significant
difference in Hb levels between patients with and without
proteinuria. This result should be interpreted with caution
since the Hb levels used here reflected a single time point in
a continuous disease process which may not reflect the
overall severity of the disease.

Treatment with ACEi and/or hydroxyurea has been
shown to be beneficial for the prevention of sickle cell
nephropathy [7, 18, 24, 25]. In our study population, only

one child was on ACEi therapy and had microalbuminuria;
additionally, there was no significant difference with
regards to prevalence of microalbuminuria and proteinuria
with or without hydroxyurea treatment. This was likely
secondary to the small sample size.

Unlike prior studies, our study identified a tendency for
an association between history of splenectomy and micro-
albuminuria when controlled for other variables in multi-
variate analysis (p=0.05). Of the 40 patients in our study
cohort, four had a history of splenectomy, and the mean age
of these four patients was 12.7 years. Recurrent acute
splenic sequestration crisis (ASSC) is the most common
indication for splenectomy in SCA patients [30], and all
four of these patients had splenectomy for recurrent ASSC.
Overall, splenectomy is believed to improve patient out-
comes by reducing the number of transfusions [30];
however, the need for splenectomy may suggest a more
severe SCA course which could explain our findings. Of
our four patients with a history of splenectomy, two had
significant microalbuminuria, only one of whom also had
significant proteinuria; the other two patients had normal
urine microalbumin and protein levels. Secondary to the
low number of patients, this association could also be due
to chance and needs to be further explored in future studies.

In conclusion, the results of our study demonstrate a
relationship between LDH level and microalbuminuria and
proteinuria in a pediatric SCA population. Further studies
are needed to confirm LDH level as an early marker for the
risk of kidney involvement among SCA patients. This
finding may enable prompt identification of patients who in
turn may benefit from early intervention.

Table 2 Summary of the comparison of categorical variables between patients with microalbuminuria and proteinuria

Variable n Microalbuminuria present
(%)

Proteinuria present
(%)

Significance
(p)

Gender Male: 20 20 5 NS
Female: 20 10 5

Type of sickle cell anemia (hemoglobinopathy) HbSS: 33 12 6 NS
HbSC: 5 0 0

HbSthal: 2 0 0

History of splenectomy Yes: 4 50 25 NS
No: 36 11.1 2.7

History of RBC transfusion Yes: 26 16.5 8.1 NS
No: 14 15.1 0

HTN Yes: 2 0 0 NS
No: 38 15.8 5.2

BMI >95th percentile Yes: 1 0 0 NS
No: 39 15.3 5.1

Hydroxyurea treatment Yes: 20 20 5 NS
No: 20 10 5

SCA, Sickle cell anemia; RBC, red blood cell; HTN, hypertension; BMI, body mass index; Hb, hemoglobin; NS, not significant

2126 Pediatr Nephrol (2010) 25:2123–2127



References

1. Guasch A, Navarrete J, Nass K, Zayas CF (2006) Glomerular
involvement in adults with sickle cell hemoglobinopathies:
prevalence and clinical correlates of progressive renal failure. J
Am Soc Nephrol 17:2228–2235

2. Steinberg MH (1999) Management of sickle cell disease. N Engl J
Med 340:1021–1030

3. Powars DR, Elliott-Mills DD, Chan L, Niland J, Hiti AL, Opas LM,
Johnson C (1991) Chronic renal failure in sickle cell disease: risk
factors, clinical course, and mortality. Ann Intern Med 115:614–620

4. McBurney PG, Hanevold CD, Hernandez CM, Waller JL, McKie
KM (2002) Risk factors for microalbuminuria in children with
sickle cell anemia. J Pediatr Hematol Oncol 24:473–477

5. Marsenic O, Couloures KG,Wiley JM (2008) Proteinuria in children
with sickle cell disease. Nephrol Dial Transplant 23:715–720

6. Tejani A, Phadke K, Adamson O, Nicastri A, Chen CK, Sen D
(1985) Renal lesions in sickle cell nephropathy in children.
Nephron 39:352–355

7. McKie KT, Hanevold CD, Hernandez C, Waller JL, Ortiz L,
McKie KM (2007) Prevalence, prevention, and treatment of
microalbuminuria and proteinuria in children with sickle cell
disease. J Pediatr Hematol Oncol 29:140–144

8. Schmitt F, Martinez F, Brillet G, Giatras I, Choukroun G, Girot R,
Bachir D, Galacteros F, Lacour B, Grunfeld JP (1998) Early
glomerular dysfunction in patients with sickle cell anemia. Am J
Kidney Dis 32:208–214

9. Datta V, Ayengar JR, Karpate S, Chaturvedi P (2003) Micro-
albuminuria as a predictor of early glomerular injury in children
with sickle cell disease. Indian J Pediatr 70:307–309

10. Allon M (1990) Renal abnormalities in sickle cell disease. Arch
Intern Med 150:501–504

11. Allon M, Lawson L, Eckman JR, Delaney V, Bourke E (1988)
Effects of nonsteroidal antiinflammatory drugs on renal function
in sickle cell anemia. Kidney Int 34:500–506

12. Brenner BM, Meyer TW, Hostetter TH (1982) Dietary protein
intake and the progressive nature of kidney disease: the role of
hemodynamically mediated glomerular injury in the pathogenesis
of progressive glomerular sclerosis in aging, renal ablation, and
intrinsic renal disease. N Engl J Med 307:652–659

13. Etteldorf JN, Smith JD, Tuttle AH, Diggs LW (1955) Renal
hemodynamic studies in adults with sickle cell anemia. Am J Med
18:243–248

14. Aoki RY, Saad ST (1990) Microalbuminuria in sickle cell disease.
Braz J Med Biol Res 23:1103–1106

15. Walker BR, Alexander F, Birdsall TR,Warren RL (1971) Glomerular
lesions in sickle cell nephropathy. JAMA 215:437–440

16. Lonsdorfer A, Comoe L, Yapo AE, Lonsdorfer J (1989)
Proteinuria in sickle cell trait and disease: an electrophoretic
analysis. Clin Chim Acta 181:239–247

17. Dharnidharka VR, Dabbagh S, Atiyeh B, Simpson P, Sarnaik S
(1998) Prevalence of microalbuminuria in children with sickle cell
disease. Pediatr Nephrol 12:475–478

18. Falk RJ, Scheinman J, Phillips G, Orringer E, Johnson A, Jennette
JC (1992) Prevalence and pathologic features of sickle cell
nephropathy and response to inhibition of angiotensin-converting
enzyme. N Engl J Med 326:910–915

19. Schrier RW, Gottschalk CW (1997) Diseases of the kidney. Little,
Brown, Boston

20. Schwartz GJ, Haycock GB, Edelmann CM Jr, Spitzer A (1976) A
simple estimate of glomerular filtration rate in children derived
from body length and plasma creatinine. Pediatrics 58:259–263

21. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D (1999)
A more accurate method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Modification of diet in
renal disease study group. Ann Intern Med 130:461–470

22. National High Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adolescents (2004) The
fourth report on the diagnosis, evaluation, and treatment of high
blood pressure in children and adolescents. Pediatrics 114:555–
576

23. Wesson DE (2002) The initiation and progression of sickle cell
nephropathy. Kidney Int 61:2277–2286

24. Fitzhugh CD, Wigfall DR, Ware RE (2005) Enalapril and
hydroxyurea therapy for children with sickle nephropathy. Pediatr
Blood Cancer 45:982–985

25. Foucan L, Bourhis V, Bangou J, Merault L, Etienne-Julan M,
Salmi RL (1998) A randomized trial of captopril for micro-
albuminuria in normotensive adults with sickle cell anemia. Am J
Med 104:339–342

26. Rother RP, Bell L, Hillmen P, Gladwin MT (2005) The clinical
sequelae of intravascular hemolysis and extracellular plasma
hemoglobin: a novel mechanism of human disease. JAMA
293:1653–1662

27. Kato GJ, McGowan V, Machado RF, Little JA, Jt T, Morris CR,
Nichols JS, Wang X, Poljakovic M, Morris SM Jr, Gladwin MT
(2006) Lactate dehydrogenase as a biomarker of hemolysis-
associated nitric oxide resistance, priapism, leg ulceration,
pulmonary hypertension, and death in patients with sickle cell
disease. Blood 107:2279–2285

28. Taylor JG 6th, Nolan VG, Mendelsohn L, Kato GJ, Gladwin MT,
Steinberg MH (2008) Chronic hyper-hemolysis in sickle cell
anemia: association of vascular complications and mortality with
less frequent vasoocclusive pain. PLoS ONE 3:e2095

29. Reiter CD, Wang X, Tanus-Santos JE, Hogg N, Cannon RO 3rd,
Schechter AN, Gladwin MT (2002) Cell-free hemoglobin limits
nitric oxide bioavailability in sickle-cell disease. Nat Med 8:1383–
1389

30. Al-Salem AH (2006) Indications and complications of splenecto-
my for children with sickle cell disease. J Pediatr Surg 41:1909–
1915

Pediatr Nephrol (2010) 25:2123–2127 2127


	Lactate dehydrogenase as a predictor of kidney involvement in patients with sickle cell anemia
	Abstract
	Introduction
	Methods
	Patients
	Analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


