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ABSTRACT

Insulin resistance (IR) is very common among chronic kidney disease (CKD) patients. Disturbance
in mineral and bone metabolism (MBD) seems to play a role in the pathogenesis of insulin resist-
ance. Fibroblast growth factor-23 (FGF23) is evolving as the most important link between MBD
and many pathologic sequences of CKD. The aim was to evaluate IR in pre-dialysis CKD patients
looking for a possible association to mineral metabolism among CKD patients. A total of 100
stage 3-5 CKD patients were selected beside 20 normal control subjects. Homeostatic model
assessment of insulin resistance (HOMA-IR) was used to assess IR in selected cases. Both groups
were compared for fasting blood glucose (FBG), fasting blood insulin (FBI), HOMA-IR, estimated
glomerular filtration rate (eGFR), serum calcium (Ca), phosphorus (P), 25 hydroxy vitamin D (25
OH vit D), parathormone (PTH), and uric acid (UA). Correlation study between HOMA_IR and dif-
ferent studied parameters was performed. HOMA-IR is significantly higher in CKD (8.87 +3.48 vs.
3.97+0.34 in CKD vs. control, respectively, p <.001). In addition CKD patients have significantly
higher FGF23 (235+£22.96 vs. 139+ 12.3 pg/mL, p <.001), PTH (76.9+ 15.27 vs. 47.9 +2.52 pg/mL,
p<.001), P (43£0.67 vs. 3.6+£0.23mg/dL, p<.001), and UA (5+1.22 vs. 4.85+0.48 mg/dL,
p <.001) and significantly lower Ca (8.2+0.3 vs. 8.9+0.33 mg/dL, p<.001), and 25 (OH) vit D
(17£5.63 vs. 37+3.43ng/mL, p <.001). Stepwise linear regression analysis revealed that BMI,
GFR, Ca, P, and FGF23 were the only significant predictors of HOMA IR. Increased IR in CKD is a
consequence of the uremic status and is intimately associated with disturbed phosphate metab-
olism and FGF23. Further studies are needed to look for an underlying mechanism.

Abbreviations: 25 (OH) vit D: serum 25 hydroxy vitamin D; ACR: urine albumin/creatinine ratio;
BMI: body mass index; c-terminal: carboxyl terminal; Ca: serum calcium; CKD: chronic kidney dis-
ease; eGFR: estimated glomerular filtration rate; FBG: fasting blood glucose; FBI: fasting blood
insulin; FGF23: fibroblast growth factor-23; HOMA-IR: homeostatic model assessment of insulin
resistance; HPLC: high performance liquid chromatography; IR: insulin resistance; MBD: mineral
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Introduction

IR is a metabolic alteration that occurs very early in CKD
patients, becomes more apparent with the progress of
the disease to become almost universal when CKD
patients approach end-stage renal disease [1]. IR is
defined as a decreased sensitivity of target organs to
circulating insulin. As a consequence, pancreatic p-cells
increase insulin synthesis and secretion leading to
hyperinsulinemia. In CKD patients, IR is closely associ-
ated with endothelial dysfunction [2], oxidative stress
and chronic inflammation [3]. IR is incriminated in car-
diovascular disease in CKD patients [4] and may

accelerate CKD progression [5]. These findings should
pay the attention toward IR as a therapeutic target in
an attempt to improve outcomes in CKD. Additional fac-
tors have been identified as significant contributors to
CKD-associated IR. These factors include increased vis-
ceral fat, retention of nitrogenous compounds, meta-
bolic acidosis, vitamin D deficiency, anemia, and
physical inactivity [6]. In an older study, Ca x P product
and iPTH were recognized as significant predictors of IR
in non-diabetic pre-dialysis CKD [7]. Three years ago, a
potential link between IR and P homeostasis was sug-
gested in a study of seventy-two stage 3-5 CKD
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patients. In this study, insulin resistance significantly
and independently correlated with serum carboxyl-
terminal (C-terminal) FGF-23 levels [8].

FGF23 is a member of a large family of growth fac-
tors. Its" main function is to regulate the serum level of
P [9]. FGF23 is significantly associated with vascular cal-
cification [10], inflammation [11], left ventricular hyper-
trophy [12], progression of renal disease [13], and
secondary hyperparathyroidism [14] among CKD
patients. Most of the old clinical studies on serum
FGF23 concentrations have used C-terminal assays.
These assays detect both intact FGF23 and its inactive
C-terminal fragments. Intact FGF23 assays are now avail-
able. These assays detect the biologically active intact
FGF23 exclusively [15]. The performance of C-terminal
assays is discrepant [16] and these assays can produce
completely inconsistent results in some particular cases
[17]. As a result, readings obtained by one assay may
not be always reproducible by other assays [18].

In this study, we tried to evaluate IR in pre-dialysis
non-diabetic pre-dialysis CKD patients that have well-
recognized cause for their renal disease. We looked for
the possible association of IR to intact FGF23, serum
UA, serum Ca, P, 25 OH vit D, and PTH levels in addition
to eGFR and urine albumin/creatinine ratio (ACR).

Material and methods

This study included 100 CKD cases (57 male and 43
female) and 20 normal control subjects (11 male and 9
female). In order to avoid the impact of some of the
underlying causes of CKD on IR, diabetic, and hyperten-
sive patients were excluded, besides patients with body
mass index (BMI) >28kg/m?, those previously or still
treated with steroids, other immunosuppressive agents,
vitamin D, or any phosphate binder. For the same pur-
pose, patients with unknown cause of CKD were
excluded. Most of the studied cases were in stage 4
(eGFR =15-29 mL/min/1.73 m?, 78 cases), while 20 cases
were in stage 3 (eGFR = 30-59 mL/min/1.73m?) and
only two cases were in stage 5 (eGFR <15 mL/min/
1.73m? [19]. Underlying etiology of renal disease in
patient group is summarized in Table 1.

Estimation of IR was done using HOMA-IR which was
calculated as fasting glucose (mmol/L)xfasting insulin
(uLU/mL)/22.5 [20]. Serum level of intact FGF23 was
determined using a two-site (NH2-terminal/C-terminal)
enzyme-linked immunosorbent assay (Immutopics, San
Clemente, CA). According to the instructions of the
manufacturer, samples were collected in the morning
after 12h fasting. The collected samples were centri-
fuged and the plasma was separated from the cells.
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Table 1. Etiology of CKD.

Etiology 0. (%) Etiology No. (%)
Ch. interstitial nephritis 48 (48) Ch. glomerulonephritis 8 (8)
Obstructive uropathy 17 (17) Polycystic kidney 12 (12)
Reflux nephropathy 8 (8) Hereditary nephropathy 2(2)
Chronic gouty nephritis 5 (5)

Samples were assayed immediately or stored at —70°C
or below.

Intact PTH levels were determined by enzyme-
amplified sensitivity immunoassay (Roche Diagnostics,
Indianapolis, IN). Then, 25 OH vit D was assessed Using
HPLC [21]. eGFR was measured using MDRD equa-
tion [22].

Microsoft computer statistics package (SPSS Inc.,
Chicago, IL) was used for data analysis. Data were sum-
marized as a mean and standard deviation. Comparison
between groups was evaluated using Mann-Whitney
test. Spearman’s rank correlation coefficient between
HOMA IR and different variables studied was calculated.
A backward stepwise linear regression model was con-
ducted to explore predictors of HOMA (IR) after
logarithmic transformation of dependent and all inde-
pendent variables.

Results

Results are summarized in Tables 1-4 and Figures 1
and 2. Fasting insulin level is significantly higher in CKD
group compared to normal control (38+15.55 vs.
18+ 1.07 mU/L in CKD vs. control respectively, p <.001)
in spite of absence of significant difference in fasting
blood glucose between the two groups (90+5.36 vs.
90 +4.73 mg/dL in CKD vs. control, respectively, p >.05).
HOMA-IR is significantly higher in CKD (8.87 £3.48 vs.
3.97+0.34 in CKD vs. control respectively, p <.001)
(Table 2). By using Spearman’s correlation rank, the only
studied parameters that show significant correlation
with HOMA-IR are serum P and FGF23, all other studied
parameters including age, BMI, serum UA, Ca, PTH, 25
OH vit D, ACR, or eGFR failed to show similar significant
correlations (Table 3). A backward stepwise linear
regression model was conducted to explore predictors
of HOMA (IR) after logarithmic transformation of
dependent and all independent variables. All quantita-
tive variables entered the correlation were included in
the 1st step of the model. The last step revealed that
only BMI, GFR, Ca, P, and FGF23 were the only signifi-
cant predictors of HOMA IR (Table 4).

Discussion

Increased IR is a universal metabolic feature that proved
as an independent predictor of mortality in early as well
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Table 2. Patients vs. control group.

Group
CKD cases Controls
(n=100) (n=20) p value

Age

Mean = SD 283x7.5 29.2+49 .504*

Median (IQR) 27 (22.5-33) 30 (25.5-33) -
Gender

Male 57 (57) 13 (65) .508#

Female 43 (43) 7 (35) -
Smokers 25 (25) 7 (35) -
Non-smokers 75 (75) 13 (65) 356#
BMI (kg/m?)

Mean + SD 23.2+27 241126 -

Median (IQR) 23.5 (22-25) 25 (22.6-25.6) .176*
BUN (mg/dL)

Mean + SD 18.5+3.3 13.1+24 <.001*

Median (IQR) 18 (16-21) 13 (11-15) -
Creatinine (mg/dL)

Mean = SD 3+05 0.8+0.1 <.001*

Median (IQR) 3 (2.6-3.4) 0.8 (0.7-0.8) -
e-GFR (mL/min/1.73 m?)

Mean = SD 244+6 110.3£31 <.001*

Median (IQR) 23.6 (19.9-28.3) 107.2 (84.8-136.6) -
Ca (mg/dL)

Mean = SD 8.1+£0.3 9+0.3 <.001*

Median (IQR) 8.2 (7.9-8.4) 8.9 (8.7-9.3) -
Phosphorus (mg/dL)

Mean + SD 44+0.7 3.7+£0.2 <.001*

Median (IQR) 43 (4-5.2) 3.6 (3.5-4) -
PTH (pg/mL)

Mean = SD 75.7+153 47925 <.001*

Median (IQR) 76.9 (64-89.4)  47.9 (46-50.4) -
25 (OH) Vit. D (ng/mL)

Mean = SD 16.8+6.5 36.6+3.4 <.001*

Median (IQR) 17 (10.7-22) 37 (33.4-39.4) -
ACR in urine (mg/qg)

Mean + SD 27.7 £20.1 - -

Median (IQR) 22.5 (8.7-44.8) - -
Fasting insulin level (mU/L)

Mean = SD 436+15.6 182+1.1 <.001*

Median (IQR) 38 (29.5-54) 18 (17.4-19) -
Fasting glucose level (mg/dL)

Mean + SD 88.8+54 88.6+4.7 710%

Median (IQR) 90 (84-93) 90 (84-93) -
HOMA test IR

Mean + SD 9.6+35 4+03 <.001*

Median (IQR) 8.9 (6.5-12.2) 4 (3.7-4.2) -
FGF23 level (pg/mL)

Mean = SD 2341+£23 1423+123 <.001*

Median (IQR) 235 (217-251.5) 139 (134-150) -
Uric acid (mg/dL)

Mean = SD 54+12 4.7+0.5 <.001*

Median (IQR) 5 (4.5-6.8) 49 (43-5.2) -

*Mann-Whitney test.

#Chi-square test.

eGFR: estimated glomerular filtration rate; FGF23: fibroblast growth factor-
23; IR: insulin resistance; ACR: albumin/creatinine ratio.

p values <.05 are significant.

p values <.001 are highly significant.

as late stages of CKD [4,23]. It is not clear if the IR in CKD
is a consequence of the uremic status or is secondary to
the underlying cause of CKD. In order to confirm if
increased insulin resistance among CKD patients is
related to the uremic milieu, we tried to exclude patients
that have underlying diseases with an established
increase in IR. In most of the adult communities world-
wide, diabetes mellitus (DM) and systemic hypertension
are responsible for more than two-thirds of CKD cases.

Table 3. Correlation of HOMA IR with different studied varia-
bles in CKD.

HOMA test IR

r p value
Age 0.010 920
BMI 0.051 617
e-GFR (mL/min/1.73 m?) —0.032 .749
Ca —0.175 .082
PO4 0.296 .003
PTH (pg/mL) —0.053 .598
25 (OH) Vit. D (ng/mL) 0.047 644
Alb/cr in urine 0.020 .843
FGF23 level 0.383 <.001
Uric acid —0.034 733

r: Spearman correlation coefficient; IR: insulin resistance; BMI: body mass
index; eGFR: estimated glomerular filtration rate; Ca: serum calcium; PO4:
serum phosphorus; PTH: serum parathormone; Alb/cr: albumin/creatinine
ratio; FGF23: fibroblast growth factor-23.

p values <.05 are significant.

p values <.001 are highly significant.

Table 4. Multivariate regression analysis looking for predictors
to HOMA-IR in CKD patients.

p 95% Cl of B p value
Log_BMI —0.074 —0.147 to —0.001 .048
Log_GFR —0.064 —0.118 to —0.011 .020
Log_Ca —1.176 —1.430 to —0.923 <.001
Log_PO4 —0.208 —0.287 to —0.130 <.001
Log_FGF23 —0.140 —0.235 to —0.045 .004

B: beta coefficient; Cl: confidence interval; Log: logarithmic transformation;
IR: insulin resistance; BMI: body mass index; Alb: serum albumin; eGFR:
estimated glomerular filtration rate; Ca: serum calcium; PO4: serum phos-
phorus; FGF23: fibroblast growth factor-23.

p values <.05 are significant.

p values <.001 are highly significant.

While increased IR is a common feature of type 2 DM,
essential hypertension is considered an IR state [24,25].
Similarly, obese patients and those kept on steroid treat-
ment or other immunosuppressive medications could
have increased IR. Based on these facts, we have
excluded diabetic, hypertensive, and obese patients in
this study besides those already treated or have a history
of steroid or other immunosuppressive treatment. These
restrictions have posed a tough burden on the investiga-
tors while selecting the CKD patients recruited for this
study. In spite of all these considerations, HOMA-IR was
found significantly increased in comparison to the nor-
mal control subjects. This finding confirms that increased
IR in CKD is a consequence of the uremic status.

During January 2014, Garland and her colleagues
announced for the first time the strong association
between IR and FGF23 in type 2DM patients suffering
CKD. FGF 23 was measured in that study using c-
terminal (ctFGF-23) assay. In CKD patients, this assay
measures both the inactive c-terminals beside the bio-
logically active intact molecule, rendering assessment
difficult to interpret. They concluded that increasing
level of HOMA-IR was a risk factor for rising ctFGF-23
levels [8]. This conclusion seems improper. If IR
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stimulates FGF23, this increase of IR should have
resulted in a negative correlation between IR and serum
P. FGF23 stimulates increased renal elimination of P. In
this study, HOMA-IR positively correlates with P. This
finding dictates that the rise of FGF23 that occurs in
response to P retention (among other factors) is the risk
factor of increased HOMA-IR instead. The association of
FGF23 and IR could be related to the role of FGF 23 in
chronic inflammatory state encountered in CKD
patients. Singh et al. demonstrated that FGF23 stimu-
lates the hepatic secretion of the inflammatory markers
IL-6 and C-reactive protein. This finding demonstrates
the contribution of FGF23 to the chronic inflammatory
status of CKD patients [26].

To our knowledge, this study is the first to evaluate
IR in non-diabetic normotensive CKD patients. The dis-
closure of serum P and FGF23, beside the other factors
detected by multivariate regression, as risk factors of
increased IR might add a new explanation for the
strong association between these risk factors and the
increased cardiovascular and overall mortality among
CKD patients.
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Department, School of Medicine, Cairo University, approved
this work.

RENAL FAILURE . 229

Human and Animal Rights: All procedures performed in
this study involving human participants were in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Informed consent: ‘Informed consent was obtained from
all individual participants included in the study’.

Acknowledgments

Prof. Usama and Dr. Ahmed Fayed suggested the hypothesis
and objectives of this study, Dr. Dina collected the necessary
literature, Dr. Mahmoud El Nokeety and Dr. Ahmed Heikal
collected the study subjects, Dr. Ahmed Fayed collected the
samples and made the statistics prof. Usama wrote the
manuscript, and Dr. Dina made the final revision.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

[11 Spoto B, Pisano A, Zoccali C. Insulin resistance in
chronic kidney disease: a systematic review. Am J
Physiol Renal Physiol. 2016;311:F1087-F1108.

[21 de Boer IH, Mehrotra R. Insulin resistance in chronic
kidney disease: a step closer to effective evaluation
and treatment. Kidney Int. 2014;86:243-245.

[3]1 Liao MT, Sung CC, Hung KC, et al. Insulin resistance in
patients with chronic kidney disease. J Biomed
Biotechnol. 2012;2012:6913609.

[4] Xu H, Huang X, Arnlov J, et al. Clinical correlates of
insulin sensitivity and its association with mortality
among men with CKD stages 3 and 4. Clin J Am Soc
Nephrol. 2014;9:690-697.

[5] Kobayashi H, Tokudome G, Hara Y, et al. Insulin resist-
ance is a risk factor for the progression of chronic kid-
ney disease. Clin Nephrol. 2009;71:643-651.

[6] Hung AM, Ikizler TA. Factors determining insulin resist-
ance in chronic hemodialysis patients. Contrib
Nephrol. 2011;17:127-134.

[71 Sit D, Kadiroglu AK, Kayabasi H, et al. The prevalence
of insulin resistance in nondiabetic nonobese
patients with chronic kidney disease. Adv Ther. 2006;23:
988-998.

[8] Garland JS, Holden RM, Ross R, et al. Insulin resistance
is associated with fibroblast growth factor-23 in stage
3-5 chronic kidney disease patients. J Diabetes
Complicat. 2014;28:61-65.

[9] Liu S, Quarles LD. How fibroblast growth factor 23
works. J Am Soc Nephrol. 2007;18:1637-1647.

[10] Nakayama M, Kaizu Y, Nagata M, et al. Fibroblast
growth factor 23 is associated with carotid artery calci-
fication in chronic kidney disease patients not under-
going dialysis: a cross-sectional study. BMC Nephrol.
2013;14:22.

[111  Munoz Mendoza J, Isakova T, Ricardo AC, et al.
Fibroblast growth factor 23 and Inflammation in CKD.
Clin J Am Soc Nephrol. 2012;7:1155-1162.



230 @ A. FAYED ET AL.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Seifert ME, de Las Fuentes L, Ginsberg C, et al. Left
ventricular mass progression despite stable blood
pressure and kidney function in stage 3 chronic kid-
ney disease. Am J Nephrol. 2014;39:392-399.

Fliser D, Kollerits B, Neyer U, et al. Fibroblast
growth factor 23 (FGF23) predicts progression of
chronic kidney disease: the Mild to Moderate Kidney
Disease (MMKD) Study. J Am Soc Nephrol. 2007;18:
2600-2608.

Nakanishi S, Kazama JJ, Nii-Kono T, et al. Serum fibro-
blast growth factor-23 levels predict the future refrac-
tory hyperparathyroidism in dialysis patients. Kidney
Int. 2005;67:1171-1178.

Jonsson KB, Zahradnik R, Larsson T, et al. Fibroblast
growth factor 23 in oncogenic osteomalacia and
X-linked hypophosphatemia. N Engl J Med. 2003;348:
1656-1663.

Imel EA, Peacock M, Pitukcheewanont P, et al.
Sensitivity of fibroblast growth factor 23 measure-
ments in tumor-induced osteomalacia. J Clin
Endocrinol Metab. 2006;91:2055-2061.

Frishberg Y, Ito N, Rinat C, et al. Hyperostosis hyper-
phosphatemia syndrome: a congenital disorder of
O-glycosylation associated with augmented processing
of fibroblast growth factor 23. J Bone Miner Res.
2007;22:235-242.

Fukumoto S. Phosphate metabolism and vitamin D.
Bonekey Rep. 2014;3:497.

Levey AS, Eckardt KU, Tsukamoto Y, et al. Definition
and classification of chronic kidney disease: a position

[20]

[21]

[22]

[23]

[24]

[25]

[26]

statement from kidney disease: improving global out-
comes (KDIGO). Kidney Int. 2005;67:2089-2100.
Matthews DR, Hosker JP, Rudenski AS, et al.
Homeostasis model assessment: insulin resistance and
b-cell function from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28:412-419.
Neyestani TR, Gharavi A, Kalayi A. Determination of
serum 25-hydroxy cholecalciferol using high-perform-
ance liquid chromatography: a reliable tool for assess-
ment of vitamin D status. Int J Vitam Nutr Res.
2007;77:341-346.

Levey AS, Bosch JP, Lewis JB, et al. 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. 1999;130:461-470.

Shinohara K, Shoji T, Emoto M, et al. Insulin resistance
as an independent predictor of cardiovascular mortal-
ity in patients with end-stage renal disease. J Am Soc
Nephrol. 2002;13:1894-1900.

Ferrannini E, Buzzigoli G, Bonadonna R, et al. Insulin
resistance in essential hypertension. N Engl J Med.
1987;317:350-357.

Ferrannini E, Haffner SM, Stern MP. Essential hyperten-
sion: an insulin-resistant state. J Cardiovasc Pharmacol.
1990;15(5):5S18-S25.

Singh S, Grabner A, Yanucil C, et al. Fibroblast growth
factor 23 directly targets hepatocytes to promote
inflammation in chronic kidney disease. Kidney Int.
2016;90:985-996.



	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Ethical approval
	Acknowledgments
	Disclosure statement
	References



<<
	/CompressObjects /Tags
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 150
	/DoThumbnails false
	/ColorConversionStrategy /sRGB
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages false
	/AutoRotatePages /All
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 100
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 600
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.6
	/MonoImageResolution 600
	/NeverEmbed [
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Bicubic
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Bicubic
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 150
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.5
	/GrayImageDownsampleThreshold 1.5
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 1
	/PreserveOverprintSettings true
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.5
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Bicubic
	/Description <<
		/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.)
		/PTB <>
		/FRA <>
		/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 <>
		/DEU <>
		/SVE <>
		/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.)
		/DAN <>
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/ESP <>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /Default
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


