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Introduction

Hyperhomocysteinemia is considered an inde-
pendent risk factor for atherosclerosis in patients with
normal renal function (1) and defined as a plasma
total homocysteine level above 12 mmol/L. 

Endothelial dysfunction contributes to the com-
plex changes that occur within the vessel wall during
hyperhomocysteinemia. Many studies have sugge-
sted that the bioactivity of endothelium-derived NO is
reduced during hyperhomocysteinemia and that
increased oxidative stress and levels of reactive oxy-
gen species play a key role in the vascular changes
elicited by hyperhomocysteinemia (2). Impaired
endothelial vasomotor responses have been ascribed
to reduced bioavailability of nitric oxide due to auto-
oxidation of homocysteine in plasma which leads to
oxidative inactivation of nitric oxide (3). Other poten-
tial consequences of hyperhomocysteinemia include
general hypomethylation due to inhibition of the
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Summary: Hyperhomocysteinemia is an independent risk
factor for premature cardiovascular disease. Since the homo-
cysteine level is elevated in patients with advanced chronic
renal insufficiency, it has been presented as an important
factor contributing to the development of cardiovascular
complications in these patients. In this study we examined
the level of homocysteine in patients with mild-moderate
degree of glomerular filtration rate reduction (creatinine
clearance >40 mL/min and <80 mL/min/1.73 m2). Thirty
patients (f=15, m=15) were compared with healthy sub-
jects (n=32, f=17, m=15). Blood samples were collected
and subjected to assays for homocysteine, creatinine, crea-
tinine clearance. The results show that homocysteine levels
of patients were significantly higher than those of healthy
subjects (12.75 ± 3.9 vs. 8.5 ± 1.75 μmol/L, p<0.001).
The obtained results also show a significant negative rela-
tionship between the level of homocysteine and creatinine
clearance (r=–0.8). In conclusion, hyperhomocysteinemia
is a common finding not only in advanced chronic renal
insufficiency, but also in patients with mild-moderate reduc-
tion of glomerular filtration rate, and may significantly con-
tribute to premature development of cardiovascular com-
plications.
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Kratak sadr`aj: Hiperhomocisteinemija je nezavistan faktor
rizika za razvoj kardiovaskularnih bolesti. Povi{en nivo homo-
cisteina nalazi se i u bolesnika sa uznapredovalim stadijumi-
ma hroni~ne bubre`ne insuficijencije i predstavlja jedan od
zna~ajnih doprinosnih faktora za nastanak u~estalih kardio-
vaskularnih komplikacija u ovih bolesnika. U ovoj studiji ispi-
tivan je nivo homocisteina u bolesnika sa blagim odnosno
umerenim stepenom redukcije ja~ine glomerulske filtracije
(klirens kreatinina 40–80 mL/min/1,73 m2). Trideset bolesni-
ka (`=15, m=15) upore|eno je sa kontrolnom grupom
zdravih ispitanika (n=32, `=17, m=15). Odre|ivani su
slede}i parametri: homocistein, kreatinin, klirens kreatinina.
Rezultati pokazuju da je nivo homocisteina u bolesnika sa
hroni~nom bubre`nom insuficijencijom zna~ajno vi{i u odno-
su na kontrolnu grupu (12,75 ± 3,9 vs. 8,5 ± 1,75 mmol/L,
p<0,001). Rezultati tako|e pokazuju zna~ajnu inverznu
korelaciju izme|u homocisteina i klirensa kreatinina (r=–0,8).
Mo`e se zaklju~iti da se hiperhomocisteinemija nalazi ne
samo u bolesnika sa uznapredovalom hroni~nom bubre`nom
insuficijencijom, ve} i u bolesnika sa blagim-umerenim ste-
penom redukcije ja~ine glomerulske filtracije, {to mo`e zna-
~ajno doprineti ranom razvoju kardiovaskularnih komplika-
cija.

Klju~ne re~i: homocistein, hroni~na bubre`na insuficijen-
cija
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transmethylation pathway, posttranslational protein
modification and/or damage by homocysteine-thio-
lactone, a highly reactive compound formed by me-
thionyl-tRNA synthetase, and enhanced endoplasmic
reticulum stress, which involves disruption of the fol-
ding and the processing of the newly synthesized pro-
teins in the endoplasmic reticulum (4). 

Homocysteine transsulfuration and remethyla-
tion enzymes are present in human kidney tissue,
indicating that metabolism is possible. Studies in the
rat have shown that homocysteine is taken up and
metabolized by the kidney (5). Plasma homocysteine
is increased in patients with chronic renal failure and
could be linked to their high cardiovascular morbidity
and mortality (6). Hyperhomocysteinemia has high
prevalence among patients with end-stage renal dis-
ease (7), but the prevalence of hyperhomocysteine-
mia among patients with mildly impaired renal failure
is less well known (8). There are few reports on the
earlier stages of renal failure (9). 

As for the cause of hyperhomocysteinemia in re-
nal insufficiency, it was previously thought that
impaired renal excretion could be responsible, but it
has been ascertained that homocysteine excretion is
negligible. The association between hyperhomocys-
teinemia and renal dysfunction may therefore be
causal, i.e. renal failure causes elevated plasma ho-
mocysteine levels, but the relationship may also be
due to other confounding factors, which, on the one
hand lead to renal dysfunction and, on the other
hand, cause hyperhomocysteinemia by different
mechanisms. Two, not mutually exclusive hypotheses
for the first possibility are: (i) homocysteine disposal in
the kidneys themselves is disturbed, and (ii) extrarenal
homocysteine metabolism is impaired (4).

The aim of the present study was to assess the
prevalence of true hyperhomocysteinemia in a group of
patients with mild-moderate chronic renal insufficiency.

Material and Methods

In this cross-sectional study thirty patients (15
females and 15 males, mean age 52.9 ± 11.6 years)
with established mild-moderate chronic renal insuffi-
ciency (creatinine clearance between 40– 80
mL/min/ 1.73 m2) were studied. We can consider
renal insufficiency as chronic if the decline of glomeru-
lar filtration rate lasts 3–6 months (10). Patients with
folic acid and vitamin B12 supplementation were exclu-
ded.

The control group included thirty two healthy
subjects (17 females and 15 males, mean age 46 ±
12.2 years).

Total plasma homocysteine, creatinine and cre-
atinine clearance were recorded. Total fasting plasma
homocysteine was measured in samples drawn at the
time of the study by fluorescence polarization immu-

noanalysis (AxSYM analyzer, Abbott reagents). All
forms of plasma homocysteine were determined in
this analysis, including reduced and oxidized forms.
These forms are collectively referred to as total plas-
ma homocysteine. Plasma creatinine and creatinine
clearance were examined by standard biochemical
methods (Jaffe method with deproteinization of se-
rum using Boehringer reagents).

Statistics

Statistical analyses were performed using Mi-
crosoft Office Excel program package 2003. Results
are expressed as mean ± SD. The following statistic
methods were performed: f-test, t-test, correlation
and single linear regression.

Results

Our group of patients had mean plasma creati-
nine value of 124.2 ± 24.5 μmol/L and mean crea-
tinine clearance 56.8 ± 11.2 mL/min/1.73 m2/L.
Total blood homocysteine levels of patients were hig-
her than those of controls (p<0.001) (Figure 1).

Most of the patients with glomerular filtration
rate (GFR) <60 mL/min/1.73 m2 had homocysteine

Figure 1 Mean values of plasma homocysteine ± SD in
both groups.
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Figure 2 Link between homocysteinemia and glomerular
filtration rate.
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levels above 12 μmol/L and most of the patients with
GFR≥60 mL/min/1.73 m2 had homocysteine levels
below 12 μmol/L. One patient with hyperhomocys-
teinemia had homocysteine over 20 mmol/L. The
other hyperhomocysteinemic patients had homocys-
teine below 20 μmol/L. These data show that mo-
derate hyperhomocysteinemia has high prevalence in
mildly-moderate renal insufficiency (Figure 2).

Creatinine clearance and total plasma homocys-
teine levels showed a statistically significant inverse cor-
relation by linear regression (r=–0.8, p<0.0001).

Discussion

In patients with chronic renal insufficiency, the
risk of cardiovascular morbidity and mortality is sub-
stantially increased (11). In addition to the well-known
cardiovascular risk factors such as diabetes mellitus,
hypertension, obesity, and dyslipidemia, parameters
such as elevated serum levels of CRP, fibrinogen, and
total Hcy have been defined as cardiovascular risk fac-
tors. Only recently has the high prevalence (∼10%) of
mild to moderate renal insufficiency in the population
been recognized (12, 13). Moreover, renal insufficien-
cy itself appears to be a major predictor of cardiovas-
cular mortality, in the general population as well as in
subjects with cardiovascular disease (14, 15).

In mild renal insufficiency risk factors are
already highly prevalent (16). A moderate increase of
plasma homocysteine occurs in the early stages of
chronic kidney disease and increase as renal function
decreases, indicating the important role of the kidney
in the homocysteine metabolism (17, 18). In the
present study we found high prevalence of hyperho-
mocysteinemia in a sample of patients with mild-
moderate renal insufficiency. Similar results have
been observed in the study of Robles et al. (8), but
mean values of homocysteine in our patients were
lower than in the study of Robles et al. (12.75 ± 3.9
vs. 16.5 ± 7.3 mmol/L). In this study, the highest

value of homocysteine in patients was about 20 mmol/L.
It suggests that mild-moderate hyperhomocysteine-
mia is characteristic of mild-moderate chronic renal
insufficiency. Bostom et al. (19) found moderately
elevated plasma homocysteine level in patients with
diagnosed chronic kidney disease.

Our study showed that hyperhomocysteinemia
occurs at GFR about 60 mL/min/1.73 m2, and that
levels of homocysteine strongly depend on GFR. Van
Guldener (4) has reported that hyperhomocysteinemia
occurs at GFR about 60 mL/min, and when end-stage
renal disease has been reached, the prevalence of hy-
perhomocysteinemia is 85–100%. We found that ho-
mocysteine levels and GFR showed a negative signifi-
cant relationship (r=–0.8, p<0.0001). In their study,
Leskinen et al. (20) showed the strong relation bet-
ween creatinine clearance and total homocysteine
(r=–0.79, p<0.01). Robles et al. also found a signi-
ficant negative relationship (p=0.00002). Recent
study of Ninomiya et al. (21) has linked higher homo-
cysteine levels to a greater decline in GFR. Nerbass et
al. (22) found high prevalence of hyperhomocysteine-
mia in patients with moderate to severe renal impair-
ment, and the determinants of total homocysteine le-
vels were creatinine clearance, plasma folate, and plas-
ma vitamin B12. These evidence suggest that the kid-
ney plays a prominent role in the homocysteine meta-
bolism, although the pathogenesis of hyperhomocys-
teinemia in renal disease remains still unclear. 

To summarize, the homocysteinemia rise in mild-
moderate chronic renal insufficiency and the levels of
homocysteine are higher in patients with lower glome-
rular filtration rate. Monitoring of the mentioned pa-
rameters in these patients is necessary to evaluate the
risk for cardiovascular disease and to determine the
need to implement vitamin supplementation therapy.
In patients with chronic renal failure, possible tools
conducive to the reduction of homocysteine levels are
folate therapy and therapy with betaine, serine, N-ace-
tylcysteine, or B vitamins (vitamin B6, B12, and B2) (23).

References
1. Boysen G, Brander T, Christensen H, Gideon R, Truel-

sen T. Homocysteine and risk of recurrent stroke.
Stroke 2003; 34: 1258–61.

2. Faraci FM. Hyperhomocysteinemia – A Million Ways to
Lose Control. Arterioscler Thromb Vasc Biol 2003; 23:
371.

3. Welch GN, Loscalzo J. Homocysteine and athero-
thrombosis. N Engl J Med 1998; 338: 1042–50.

4. Van Guldener C. Why is homocysteine elevated in renal
failure and what can be expected from homocysteine-
lowering? Nephrol Dial Transpl 2006; 21: 1161–6.

5. House JD, Brosnan ME, Brosnan JT. Renal uptake and
excretion of homocysteine in rats with acute hyperho-
mocysteinemia. Kidney Int 1998; 54: 1601–7.

6. Buccianti G, Baragetti I, Bamonti F, Furiani S, Dorighet
V, Patrosso C. Plasma homocysteine levels and cardio-
vascular mortality in patients with end stage renal di-
sease. J Nephrol 2004; 17: 405–10.

7. Van Guldener C, Stam F, Stehouwer CD. Homocysteine
metabolism in renal failure. Kidney Int 2001; 78: 234–7.

8. Robles NR, Romero J, Gomez Casero L, Escolas JM,
Ramos JL, Sanches Casado E. Hyperhomocysteinemia
in patients with mild chronic renal failure. Europ Jour
Int Med 2005; 16: 334–8.

9. Perna AF, Ingrosso D, Molino D, Galletti P, Montini G,
Zachello G, et al. Hyperhomocysteinemia and protein
damage in chronic renal failure and kidney transplant
pediatric patients – Italian initiative on uremic hyperho-
mocysteinemia (IIUH), J Nephrol 2003; 16: 516–21.



JMB 2007; 26 (1) 45

10. \ur|evi}-Mirkovi} T. Prognostic value of the C-reactive
protein and other reactants of the acute inflammatory
phase in different stages of renal failure. Dissertation.
Novi Sad, Serbia; University of Novi Sad, 2004.

11. Busch M, Franke S, Muller A, Wolf M, Gerth J, Ott U, et
al. Potential cardiovascular risk factors in chronic kidney
disease: AGEs, total homocysteine and metabolites, and
the C-reactive protein. Kidney Int 2004; 66: 338–47.

12. Clase CM, Garg AX, Kiberd BA. Prevalence of low
glomerular filtration rate in nondiabetic Americans: Third
National Health and Nutrition Examination Survey
(NHANES III). J Am Soc Nephrol 2002; 13: 1338–49.

13. Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS.
Prevalence of chronic kidney disease and decreased
kidney function in the adult US population: Third Na-
tional Health and Nutrition Examination Survey. Am J
Kidney Dis 2003; 41: 1–12.

14. Henry RM, Kostense PJ, Bos G, Dekker JM, Nijpels G,
Heine RJ, et al. Mild renal insufficiency is associated
with increased cardiovascular mortality: the Hoorn Stu-
dy. Kidney Int 2002; 62: 1402–7.

15. Stuveling E, Bakker S, Hillege H, De Jong P, Gans R,
Zeeuw D. Biochemical risk markers: a novel area for
better prediction of renal risk? Nephrol Dial Transpl
2005; 20: 497–508.

16. Mann JF, Gerstein HC, Dulau-Florea I, Lonn E. Cardio-
vascular risk in patients with mild renal insufficiency.
Kidney Int Suppl 2003; S192–6.

17. Lindner A, Bankson DD, Stehman-Breen S, Mahuren
JD, Coburn SP. Vitamin B6 metabolism and homocys-
teine in end-stage renal disease and chronic renal
insufficiency. Am J Kidney Dis 2002, 39: 134–45.

18. Arnadottir M, Hultberg B, Nilsson-Ehle P, Thyssel H.
The effect of reduced glomerular filtration rate on pla-
sma total homocysteine concentration. Scand J Lab
Invest 1996; 56: 41–6.

19. Bostom AG, Kronenberg F, Jacques PF, Kuen E, Ritz E,
Konig P, et al. Proteinuria and plasma total homocysteine
levels in chronic renal disease patients with a normal
range serum reatinine: Critical impact of true glomerular
filtration rate. Atherosclerosis 2001; 159: 219–23.

20. Leskinen Y, Letimakl T, Loimaala A, Huhtala H, Sa-
lenius JP, Oja S, Saha H. Homocysteine and carotid
atherosclerosis in chronic renal failure – the confoun-
ding effect of renal function. Atherosclerosis 2004;
175: 315–23.

21. Ninomiya T, Kiyohara Y, Kubo M, et al. Hyperhomocy-
steinemia and the development of chronic kidney dis-
ease in a general population: the Hisayama study. Am
J Kidney Dis 2004; 44: 437–45.

22. Nerbass FB, Draibe SA, Feiten SF, Chiarello PG, Van-
nucchi H, Cuppari L. Homocysteine and its determi-
nants in nondialyzed chronic kidney disease patients. J
Am Diet Assoc 2006; 106: 267–70.

23. Perna A, Satta E, Lombardi C, Acanfora F, Ingrosso D,
De Santo N. Hyperhomocysteinemia and cardiovascu-
lar disease of uremia. Nutr Res 2004; 24: 839–49.

Received: January 10, 2007

Accepted: January 29, 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [612.000 792.000]
>> setpagedevice


