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Abstract: For many measurands, physicians depend
on population-based reference intervals (popRI), when
assessing laboratory test results. The availability of
personalized reference intervals (prRI) may provide a
means to improve the interpretation of laboratory test
results for an individual. prRI can be calculated using
estimates of biological and analytical variation and
previous test results obtained in a steady-state situation.
In this study, we aim to outline statistical approaches
and considerations required when establishing and
implementing prRI in clinical practice.

Data quality assessment, including analysis for out-
liers and trends, is required prior to using previous test
results to estimate the homeostatic set point. To calculate
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the prRI limits, two different statistical models based on
‘prediction intervals’ can be applied. The first model uti-
lizes estimates of ‘within-person biological variation’
which are based on an individual’s own data. This model
requires a minimum of five previous test results to generate
the prRI. The second model is based on estimates of
‘within-subject biological variation’, which represents an
average estimate for a population and can be found, for
most measurands, in the EFLM Biological Variation Data-
base. This model can be applied also when there are lower
numbers of previous test results available. The prRI offers
physicians the opportunity to improve interpretation of
individuals’ test results, though studies are required to
demonstrate if using prRI leads to better clinical outcomes.
We recommend that both popRIs and prRIs are included
in laboratory reports to aid in evaluating laboratory test
results in the follow-up of patients.

Keywords: biological variation; personalized medicine;
reference intervals.

Introduction

Using laboratory test results in the diagnosis and monitoring
of an individual requires a reliable and relevant “reference”
to which the test results can be compared. In most settings,
population-based reference intervals (popRI) are used for
this purpose, but there are many limitations to the gener-
alizability of popRIs to an individual [1]. We have, therefore,
recently proposed a model to calculate a reference interval
(RI) for an individual, termed the personalized reference
interval (prRI) [2]. The original idea of RIs for individuals
goes back to the 1960s. In their seminal paper Grasback and
Saris [3] wrote that ‘it would be helpful to establish the range
of variation for every healthy individual’, and later Harris [4]
proposed a complex model to derive intraindividual varia-
tions for blood constituents. The model we have proposed [2]
is simple and allows for a patient’s current test result to
be compared to that person’s prRI, established based on
previous test results obtained in a steady-state situation.
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Following the developments of IT technology in the last half
century, it has become possible to store and process the data
of large numbers of patients and to set up algorithms
including statistical evaluations in the laboratory informa-
tion system to aid in the interpretation test results. Addi-
tionally, reliable biological variation data of the numerous
measurands can be found easily [5]. Therefore, now we
have the bases for the practical implementation of prRIs in
medical laboratories.

The theory of prRI is based on a homeostatic model [2].
In this model, we assume that the concentration of each
analyte fluctuates around its true homeostatic set point
(HSP), where this variation is termed inherent biological
variation (BV). To determine the width of the prRI, we must
estimate the total variation around the HSP (TV,.), which
can be calculated using the following equation (Eq.):

@

(n+1)
TVt = k x \/ n (SDZB + SDi)

where SDp is the within-subject (representing the
“average” within-subject BV, as standard deviations (SDy)
in a population) or the within-person (representing the
within-subject BV of the person (SDp) in question) BV
component of total variation, SD, is an estimate of the
analytical variation, n is the number of observations used
to estimate the HSP and k is a constant depending on the
probability and the type of distribution used to determine
the limits of the prRI. In this equation, the factor ((n+1)/n)
represents the uncertainty, which is mainly related to the
determination of the HSP.

The prRI can then, as previously described, be deter-
mined using the following equation:

PrRI = HSP + TV (2

This equation defines the prRI and has two critical
parameters, HSP and TV, and can, as seen from Egs. (1)
and (2), also be written as given below:

€)

prRI = HSP + k \/(n; D (sp2 + sp2)

Thus, calculating prRI requires relevant BV estimates,
estimates of analytical variation and previous test results
obtained in a steady-state situation. In this study, we expand
on our model [2] and outline how to calculate prRI from a
practical point of view, describing a two-step approach
consisting of (a) data quality assessment prior to using
previous test results to estimate the HSP and (b) different
options for calculating the HSP and TV, including para-
metric and non-parametric approaches. Furthermore, the
minimum number of test results required for prRI
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calculations and other requirements for implementing prRI
in laboratory reports are discussed.

Data quality assessment

In order to establish the prRI, we must calculate the HSP for
the individual, using previous test results, which may
either have been obtained specifically for this purpose or as
part of routine assessments. A prerequisite for using these
data for the calculation of the HSP is that these results have
been obtained when the patient was healthy and in a
steady-state situation. Results outside the popRI or clinical
decision limits should, therefore, in principle not be used.
In addition, outliers or extreme data can change the HSP
significantly and, therefore, the data must be assessed for
outliers before using previous test results to calculate the
HSP. Various statistical tests can be used to detect outliers,
and we recommend the Dixon q test [6, 7]. Alternatively,
Grubb’s test can also be applied when data are considered
likely normally distributed.

After excluding outliers, the data should be analyzed
for the presence of a positive or negative trend. The pres-
ence and significance of a trend can be evaluated by linear
regression analysis. If the confidence interval (CI, 95%) of
the slope of the regression line includes 0, the trend can be
considered not statistically significant and the individual is
at steady-state [8]; see examples in the Appendix. Other-
wise, if the trend is statistically significant i.e., the 95% CI
of the slope of the regression line does not include 0, the
data cannot be used to determine the HSP. Although trend
correction can allow for the calculation of the variation, it
may cause a dramatic shift in the HSP. Thus, prRI would no
longer be valid and we, therefore, recommend discarding
the data if a significant trend is identified.

Calculation of the homeostatic set
point

After quality assessment has shown that the data can be

used, the HSP can be calculated by taking the mean of the

previous test results as given below:

X1+ X+ X5+ -+ X,
n

X= (4)
where X is the average HSP, x;, i=1, ... ,n is the measure-
ment result(s) of the measurand and n is the number of
observations included in calculation. The standard error
(SE) of X is calculated using the following equation:
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SEgsp = \/;

where Vis the variance of the distribution. V is represented
by ¢% and SD? for the population and sample, respectively.
From Eq. (5), it can be seen that increasing n, will decrease
the uncertainty of the HSP inversely proportional to the
square root of n.

However, if the number of previous measurements is
low, the median, instead of the mean, can be used as a
measure of the HSP. In this case, a non-parametric approach
should be used to derive the prRI.

®)

Establishing the limits of the
personalized reference interval

Previous measurement results can be used to predict future
observations with a certain probability. In statistical terms,
the interval for the future observation i.e., the prRI, is the
‘prediction interval’ derived from previous measurement
results [9].

In statistics, the prediction interval is often used in
regression analysis, and it also has great potential for
laboratory medicine applications. It can be estimated using
the variance and the HSP of the measurands. In a broad
perspective, prediction intervals can be calculated using
parametric [9] or non-parametric approaches [10]. A para-
metric approach can be considered under four different
conditions using data with:

a) Known mean and known variance.

b) Known mean and unknown variance.

c¢) Unknown mean and known variance.

d) Unknown mean and unknown variance.

Practically, the known mean and known variance can be
represented by the mean and variance of the population,
while the unknown mean and unknown variance can be
considered the mean and variance of a sample. In the prRI
setting, the HSP represents the mean of the individual’s
previous measurement results. Since the number of previous
measurement results is limited, the population mean does
not represent the HSPs of all different individuals and
therefore the prediction interval calculated using model a
and b cannot be applied to prRIs. The variance, though
preferably derived from the individual, can also be derived
from the population, assuming that this is representative
and relevant for the individual to whom it will be applied.
Consequently, the availability of estimates of the variance
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is the decisive factor for choosing the method of prRI
calculation.

Personalized reference interval based on
estimates of within-subject biological
variation

The within-subject BV, the CVj, represents the “average”
fluctuation of the concentration of a measurand around the
HSPs of a group of individuals. It is considered random
variation and statistically has the characteristics of normal
distribution.

The limits of the prRIs are the upper (UL) and lower
limits (LL) of the TV, and can be calculated using Eq. (1). If
an SD; (or CVy) estimate is used to represent the biological
component of Eq. (1), then Egs. (1) and (3) can be rearranged
as given below [2]:

(6)

(n+1)
TVt = 2 X \/ - (SD} +SD})

@)

1
prRI = HSP + z x \/(n; ) (57 + sD3)

where SD; is the within-subject BV and z is a table value
that can be set from the normal distribution as 1.96
for 95% probability (two-sided change). The SD4 estimate
represents here the relevant long-term estimates of
analytical variation from the laboratory reporting the
prRI. Since the SDy is considered to be normally distrib-
uted, we used the z-score in Eq. (6). Depending on how we
prefer to use the prRI, z-values can be applied either for a
two-sided or one-sided setting.

It should be noted that despite the term ‘within-sub-
ject BV’, here represented as SD; is derived from the data
of a study population. Since the HSP is derived from the
individual and the SD; from the population data, the prRI
can be calculated using the model of prediction interval
based on unknown mean and known variance. It is
therefore essential when using SD; estimates to deliver
prRI, that these must be assessed as to whether they are
reliable and representative of the individual to which they
will be applied. For a high number of measurands, global
CV; based on meta-analyses of suitable studies can be
obtained from EFLM Biological Variation Database and
used for prRI calculation [5]. Since the limits of prRI
are based on absolute numbers, the SD; for HSP should
be calculated from CVy. There may be differences in CV;
estimates between population groups such as genders that
must be taken into account, but for most measurands, no
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apparent differences related to methodological, geograph-
ical, sampling intervals have been demonstrated [11].

Personalized reference interval based on
within-person biological variation

The numerical SD; represents the “average” BV of the
studied population. It is thus associated with an uncertainty
that reflects the variation in the studied population and is
not specific for each individual. Therefore, principally, using
a BV estimate for the individual, i.e., the within-person es-
timate, the SDp, would be preferable for prRI calculation. In
comparison to the SDy, the SDp is a new concept and reflects
the BV of a single individual. To derive such estimates for
each individual is resource-demanding, requiring a rela-
tively high number of results, limiting its applicability. In
this approach, both the HSP and the SDp are calculated
based on the individual’s own data and the prRI can thus be
derived using the model of prediction interval based on
unknown mean and unknown variance. Therefore, it is
accepted that all observations (measurement results) used
to calculate both HSP and variance belong to t distribution
rather than normal distribution.

In a similar approach to when using SDy, the limits of
the prRIs (UL, LL) of the TV can be derived from the SDp
as given below:

®)

n+1
TVser = T(l—a/Z) X \/( n )(SDIZ) + SDi)

where SDyp is the within-person biological variation, the
SD, represents the analytical variation and T,/ is the
t-table value with n-1 freedom. T-values for either two-
sided (1-a/2) or one-sided (1-a) settings, can be applied,
depending on how we intend to use the prRI. For prRI
calculations, the estimates of the SD,, and the SD, should
both be based on analysis from the same laboratory. In this
setting, the SD, is a component of total variation (SDrv). It
is thus not rational to separate SD, and SDp since they
together represent the SDtvy. In this setting, Eq. (8) can be

rearranged as:
SDyy = 1/SD + SD3

(n+1)

©

(10)

TVer = T(l—a/Z) x SDry x

(n+1) )

erI = HSP + T(l—a/Z) X SDTV X
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Equations (7) and (11) give the prediction intervals for
single observation. However, statistically these equations
can be rearranged for the next m measurement results
(observations) as given below [12].

pIRI =HSP + k x SDTV (12)

Calculation of k factor is complex and beyond the
scope of this paper. However, the Tables contain k value for
different combinations of n (number of previous mea-
surement results) and m (number of future measurement
results) values can be found in Refs. [12, 13].

It should be noted that in clinical practice we compare
the single measurement result to the Rls and therefore Egs.
(7) and (11) should be used to interpret patients’ tests results.

Nonparametric (distribution-free)
prediction interval

In addition to the parametric approaches as described
above, the prediction interval can be estimated using a
non-parametric approach. When the number of observa-
tions is small or when there is no information about the
distribution of the data, applying a non-parametric
method may be preferable. The prediction interval is in
this setting based on order statistics, such as the smallest
and largest observations in the basic nonparametric pre-
diction interval approach. However, in comparison to
parametric approach, non-parametric PI may not produce
a robust prRI estimate. Since it is not always possible to
get the desired confidence levels for small data and
additionally, prediction interval may be wider than
distribution-dependent ones [13]. Different approaches
may be used to establish non-parametric prediction in-
terval and the detailed information can be found in
Refs. [10, 13].

Minimum number of data required
for the calculation of the
personalized reference intervals for
the different models

When calculating prRI, it is also important to consider the

number of available previous test results derived in a steady
state situation. There is no strict limitation for the minimum
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number of data for the calculation of the prRI. However,
increasing the number of measurement results decreases the
TV, and estimates the HSP better [2]. The required number
of measurement results also varies depending on the bio-
logical component of TVge.

If using SDy estimates, only three measurement result
may be sufficient to calculate the HSP, as previously shown
[2]. However, trend analysis cannot reliably be performed
on only three data points and the TV, will be 15% wider
than the actual level. Therefore, we propose to include at
least five measurement results for the model based on SD;.

Though principally the model based on SDp estimates
may be preferred, a greater number of measurements is
needed to deliver reliable prRI, as the SDp is derived using
the individual’s own data. If the available number of mea-
surement results is 5-30, then t statistics or a nonparametric
approach can be used to derive the prRI. If the number of
available test results is higher than 30, statistics based on
the normal distribution can be applied, which is unlikely to
be present for a steady-state situation for many patients.

Personalized reference intervals
and reference change value

Due to the limitations of single diagnostic tests, physicians
often request repeated tests to reduce the diagnostic un-
certainty. Different approaches have been suggested for
interpretation of multiple tests results [14]. Galen et al. [15]
introduced the concept of parallel and serial testing for more
than one measurand. They proposed that in parallel testing
all samples are measured twice, whereas in serial testing
only positive results are repeated. Using repeated mea-
surements, the significance of difference between consecu-
tive test results becomes crucial for objective decision
making. This difference can be compared with the reference
change value (RCV) which is the difference between two
single measurements results that can be explained by pre-
analytical, analytical and biological variation of the meas-
urand. Assuming the preanalytical variation is negligible;
the classical RCV can be calculated by using the following
equation:

RCV =z x V2 x +(SDj, + SD3) (13)

PrRI and RCV complement each other in the inter-
pretation of patients’ test results. While prRI is mainly
used for diagnosis, RCV is used to evaluate the difference
between serial measurements and therefore mainly used
in monitoring.
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Mathematically the equation of RCV (Eq. (13)) is a
special form of the equation of TV (Eq. (6)). For Eq. (6) if
n=1 then TV.=RCV. However, it should be noted that a
single measurement result is not recommended used to
calculate the TV around the HSP, because in this case,
the uncertainty around HSP will be 41% higher than the
actual level [2].

Implementation of personalized
reference intervals into the
laboratory test report

The prRI offers an opportunity for improved evaluation of
laboratory test results. However, further studies are required
to demonstrate whether this will lead to better clinical out-
comes. Prior to implementation into clinical practice, pro-
cedures related to data analysis and calculation of the prRI
must be set up as suggested here, preferably in the labora-
tory information system, so that prRI can automatically be
included laboratory reports for each specific patient.
Though the SDp approach likely provides prRI more suited
for each individual, to estimate the SDp requires a relatively
high number of measurement results. Thus, as of yet,
implementing prRI based on the SD; approach may be a

more pragmatic solution (particularly if n<5). We
uL
AN
ul
prRi

; popRI

popRI: Perfect ©

prRI: Abnormal @
LL e

Figure 1: Personalized reference interval (RI) should be assessed in
combination with population based reference interval.

Using both RIs on the same report will facilitate the interpretation of
patients’ test results. According to the population based reference
interval a test result (red point) appears normal, but the same result
may be abnormal according to the personalized reference interval.
LL: lower limit of popRI; UL: upper limit of popRI; ll: lower limit of
prRI; ul: upper limit of prRI.
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recommend that both popRI and prRI are included in labo-
ratory reports for all relevant measurands (Figure 1), and
that clinicians are educated on how these can be best used in
the evaluation and follow-up of patients.

Conclusions

The prRI concept is derived from the ‘homeostatic model’,
where it is assumed that the concentration of each analyte
fluctuates around its HSP. If the individual is at a steady-state,
the mean or the median of an individual’s previous test re-
sults will represent the HSP. Before using previous test results
to establish the HSP, data quality assessment including
testing for outliers and trend must be performed. The limits of
the prRI can be derived from the prediction interval. In this,
we infer the result from a subject based on their own infor-
mation. We have established two different approaches to
deliver the prR], either by using an SD; estimate, representing
the average within-subject BV in a population, or an SDp
estimate, representing the within-person BV. If an acceptable
number of previous test results is available for an individual,
the SDp can be used to deliver the prediction interval based on
unknown mean and unknown variance. The SD; estimate can
be used with a prediction interval for unknown mean and
known variance to derive the limits of the prR], if in principle,
only three previous test results are available, though the
minimum recommended number is five. The prRI can, in
combination with popRI, be used to aid in the interpretation
of patients’ laboratory test results and offers a more person-
alized approach for patient follow-up.
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Appendix

Numerical examples of how to derive the prRI
for different data sets

The measurand is serum creatinine. Two patients; patient
A and B, have 5 and 10 previous test results, analyzed in a
routine setting, respectively (data derived from ref. [2]).
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Table 1: Serum creatinine (umol/L) concentrations of
patients A and B.

Patient A Patient B
58.3 80.4
57.5 76.9
60.1 84.9
61.0 83.1
51.3 79.6
84.0
84.0
81.3
84.0
76.9

Calculation of prRI of creatinine for patient A

Step 1. Data quality assessment

The data of patient A were analyzed for possible out-
liers and the presence of trend.

No outliers were detected by Dixon q test (p>0.05), and
there was no significant trend (slope (95% CI) of -1.05
(-5.03 to 2.93)).

Step 2. Calculation of the homeostatic set point and the
limits of personalized reference intervals

HSP was calculated by taking the mean of the previous
measurements of creatinine.

58.3 +57.7 + 60.1 + 61.0 + 51.3

HSP, = 5

=57.6 pmol/L

Only five measurements are available to calculate the total
variation around the HSP. The t table value with n-1
freedom for 5 is 2.78. Therefore, the model based on
estimates of within-subject BV (CV;) was selected.

The EFLM Biological Variation Database reports a CV;
for creatinine of 4.5% and SD; for HSP was calculated.

SDi(s7.6) = 2.59 pmol/L

CVa (pootea) =2.21% (obtained from rountine quality control)

SDA(57_6) =127 |J.m01/L

The prRI of creatinine for patient A can thus be calculated
using Egs. (2) and (6) as given below:

DIRI = HSP + TV

(n+1)
TVser =z x \/71’1 X (SD% + SD;)
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x (2592 +1.272)

PIRI = 57.6 + 1.96 x \j(55+ D

prRI = 57.6 + 6.2 = 51.4 — 63.8 pmol /L

Calculation of prRI of creatinine for patient B

Step 1. Data quality assessment

The data of patient B was analyzed for possible outliers
and the presence of trend.

No outliers were detected by Dixon q test (p>0.05), and
the trend was not significant (slope (95% CI) of 0.044
(-0.758 to 0.846)).
Step 2. Calculation of the homeostatic set point and the
limits of personalized reference intervals

HSP was calculated by taking the mean of the previous
measurements of creatinine.

80.4+769+849+--+769
10

HSPy = = 81.5 pmol/L

The number of previous measurements (n=10) is
acceptable for calculating the total variation. The t table
value with n-1 freedom for 10 is 2.26. Therefore, we used
the model based on within-person BV (CVp).

When all samples have been analyzed in the same
laboratory, it is not necessary to separate and then combine
the biological and analytical variations. Therefore, the total
variation (including analytical and within-person BV) can be
taken as the SD of the previous measurement results (SDyy).

The prRI of creatinine for patient B can thus be
calculated using Egs. (2) and (10) as given below:

SDy =297

PIRI = HSP + TV

(n+1)
TVser = T(l—a/Z) x SDry x
1
prRI = 81.5 + 2.26 x 2.97 x 0

prRI = 81.5+7.0 = 74.5-88.5

Coskun et al.: Statistics for personalized reference intervals =—— 7

References

10.

11.

12.

13.

14.

15.

. Miller WG, Horowitz GL, Ceriotti F, Fleming JK, Greenberg N,

Katayev A, et al. Reference intervals: strengths, weaknesses, and
challenges. Clin Chem 2016;62:916-23.

. Coskun A, Sandberg S, Unsal I, Cavusoglu C, Serteser M, Kilercik

M, et al. Personalized reference intervals in laboratory medicine:
a new model based on within-subject biological variation. Clin
Chem 2021;67:374-84.

. Grdsbeck R, Saris NE. Establishment and use of normal values.

Scand J Clin Lab Invest 1969;26(110 Suppl):62-3.

. Harris EK. Some theory of reference values. Il. Comparison of

some statistical models of intraindividual variation in blood
constituents. Clin Chem 1976;22:1343-50.

. Aarsand AK, Fernandez-Calle P, Webster C, Coskun A,

Gonzales-Lao E, Diaz-Garzon J, et al. The EFLM biological variation
database. Available from: https://biologicalvariation.eu/
[Accessed Nov 2021].

. Rorabacher DB. Statistical treatment for rejection of deviant

values: critical values of Dixon’s “Q” parameter and related
subrange ratios at the 95% confidence level. Anal Chem 2002;
63:139-46.

. Dean RB, Dixon WJ. Simplified statistics for small numbers of

observations more about this article. Anal Chem 1951;23:
636-8.

. Coskun A, Aarsand AK, Sandberg S, Guerra E, Locatelli M,

Diaz-Garzén |, et al. European Federation of Clinical Chemistry
and Laboratory Medicine Working Group on Biological
Variation. Within- and between-subject biological variation
data for tumor markers based on the European Biological
Variation Study. Clin Chem Lab Med 2021. https://doi.org/10.
1515/cclm-2021-0283.

. Geisser S. Predictive inference: an introduction. London:

Chapman & Hall; 1993:264 p.

Frey J. Data-driven nonparametric prediction intervals. ) Stat Plan
Inference 2013;143:1039-48.

Fraser CG. Biological variation: from principles to practice.
Washington, DC: AACC Press; 2001.

1SO 16269-8:2004 - Statistical interpretation of data — Part 8:
Determination of prediction intervals. Geneva, Switzerland, ISO.
Hahn GJ, Meeker WQ, Escobar LA. Statistical intervals: a guide for
practitioners and researchers. New Jersey: John Wiley & Sons,
Incorporated; 2016:651 p.

Cebul RD, Hershey JC, Williams SV. Using multiple tests: series
and parallel approaches. Clin Lab Med 1982;2:871-90.

Galen RS, Gambino SR. Beyond normality: the predictive
value and efficiency of medical diagnoses. New York: John
Wiley & Sons; 1975.


https://biologicalvariation.eu/
https://doi.org/10.1515/cclm-2021-0283
https://doi.org/10.1515/cclm-2021-0283

	Personalized reference intervals – statistical approaches and considerations
	Introduction
	Data quality assessment
	Calculation of the homeostatic set point
	Establishing the limits of the personalized reference interval
	Personalized reference interval based on estimates of within-subject biological variation
	Personalized reference interval based on within-person biological variation

	Nonparametric (distribution-free) prediction interval
	Minimum number of data required for the calculation of the personalized reference intervals for the different models
	Personalized reference intervals and reference change value
	Implementation of personalized reference intervals into the laboratory test report
	Conclusions
	Appendix
	Numerical examples of how to derive the prRI for different data sets
	Calculation of prRI of creatinine for patient A
	Calculation of prRI of creatinine for patient B
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


