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Elżbieta Skowrońska-Jóźwiak
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Lewiński, Lewandowski and
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The effects of season (spring
versus autumn) on diagnosis
of normocalcemic primary
hyperparathyroidism

Magdalena Basińska-Lewandowska1, Andrzej Lewiński2,3,
Krzysztof C. Lewandowski2,3

and Elżbieta Skowrońska-Jóźwiak2,3*

1”Your Family Doctor”, General Practice Surgery, Lodz, Poland, 2Department of Endocrinology and
Metabolic Diseases, Medical University of Lodz, Lodz, Poland, 3Department of Endocrinology and
Metabolic Diseases, Polish Mother’s Memorial Hospital - Research Institute, Lodz, Poland
Background: Raised parathormone (PTH) and normal calcium concentrations

can be observed both in normocalcemic primary hyperparathyroidism (nPHPT)

and in secondary hyperparathyroidism, e.g. due to vitamin D deficiency. We

assessed the impact of season on the validity of diagnosis of nPHPT in terms of

screening investigations to be performed in the primary care settings.

Material and methods: On two occasions (March/April & September/October)

we measured vitamin D (25OHD), PTH and total calcium in 125 healthy

subjects, age range 6-50, not taking any vitamin D supplements.

Results: In autumn there was an increase in 25OHD concentrations (from 18.1

± 7.37ng/ml to 24.58 ± 7.72ng/ml, p<0.0001), a decline in PTH from 44.40 ±

17.76pg/ml to 36.63 ± 14.84pg/ml, p<0.001), without change in calcium levels.

Only 45 subjects (36%) were vitamin D sufficient (25OHD>20/ml) in spring

versus 83 (66.4%) in autumn, p<0.001. Elevated PTH concentrations were

noted in 10 subjects in spring (8%) and in six subjects (4.8%) (p<0.05) in

autumn. In spring, however, eight out of ten of these subjects (80%) had

25OHD<20 ng/ml, versus one in six (16.7%) in autumn (p<0.01). Normalization

of PTH was observed in seven out ten subjects (70%), and all of them had 25-

OHD<20 ng/ml in spring.

Conclusions: In spring elevated PTH concentrations in the setting of

normocalcemia are more likely to be caused by 25OHD deficiency rather by

nPHPT. In contrast, in autumn, increased PTH concentrations are more likely to

reflect nPHPT. We postulate that screening for nPHPT should be done in

25OHD replete subjects, i.e. in autumn rather than in spring.
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Introduction

Primary hyperparathyroidism (PHPT) is a well-defined

disorder characterized by hypercalcemia and elevated levels of

parathyroid hormone (PTH). It is one of the most common

endocrine disorders with an estimated prevalence of 0.23% in

women and 0.085% in men (1). Normocalcemic primary

hyperparathyroidism (nPHPT) is one of newer presentation of

primary hyperparathyroidism, in which PTH is elevated but

serum calcium is normal. It is characterized by relatively high

prevalence, varying between 0.1% up to 8,9% (2). Though,

nPHPT is a recognized clinical entity (3), the optimal

management still remains controversial (4, 5). Raised PTH

concentrations may be also observed in the setting of low

vitamin D (25OHD) levels, as well is in several other

conditions, e.g. renal impairment, treatment with lithium salts,

etc. The cut-points for 25OHD sufficiency are controversial and

a 30 ng/ml (75 nmol/l) as suggested by the Endocrine Society is

widely criticized, while a 20 ng/ml (50 nmol/l) sufficiency cut-off

is suggested to be more appropriate (6). Classical PHPT is very

commonly associated with 25OHD deficiency. For instance,

Walker MD et al. (7) reported 25OHD deficiency (defined as

concentrations <20 ng/ml) in 19% of patients with PHPT, but

prevalence as high as 86% were observed in winter in a study

from Denmark (average latitude 55-57 °N, i.e. only marginally

higher than Poland - 50-54 °N), and 25OHD deficiency persisted

in 77% subjects with PHPT also during summer (8).

Furthermore, 25OHD deficiency was much more common in

subjects with PHPT than in healthy controls, who also showed

marked seasonal variations in concentrations of 25OHD (8). It

was suggested that lower vitamin D binding protein levels is one

of contributing mechanisms of low total 25(OH)D in PTHP

patients (9). Wide seasonal variation of vitamin D

concentrations is well documented in Polish population (10).

Apart from variations in 25OHD, seasonal variation of PTH is

also well recognized. For instance, in a large study from Romania

(n=8409 subjects, average latitude 44-48°N) there was an average

9.36% fall in PTH concentrations (from 47.61 pg/ml to 43.15 pg/

ml) from March to September (11). The study from Sweden

(latitude 55-67° N) showed about 7% fall in PTH in summer

(12), however without any significant change in calcium

concentrations (change about 1%, i.e. not statistically

significant). In a large study of 792 subjects with frank PHPT

(serum calcium>10.5 mg%) there was about 8.4% decrease in

PTH concentrations in summer in comparison to winter (13),

though such variation seems to be attenuated by vitamin D

supplementation (14). On the other hand, to the best of our

knowledge, there are no data either on seasonal variations of

PTH concentrations in nPHPT, or on the impact of such

variability on the validity of the diagnosis of nPHPT.

Currently testing of calcium, 25OHD and PTH concentrations

is often performed in primary care, where differentiation of
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genuine nPHPT from cases related to 25OHD deficiency might

be quite difficult (15). Furthermore, overdiagnosis of possible

nPHPT in primary care settings would result in unnecessary

specialist referrals, thus increasing the burden for state insurance

institutions. Hence, in our study we have endeavored assess

optimal timing for screening for possible nPHPT as a screening

procedure to be performed in primary care settings. Indeed, the

aim of the study was to select patients who would benefit from

subsequent specialist referral.
Subject and methods

The study included 125 subjects (56 males) age range 6-50

years, recruited from a single urban general practice – Your

Family Doctor (single center study) in the city of Lodz (central

Poland, latitude 51°75’ N). We have chosen this age range as

these subjects usually do not take any 25OHD supplements. On

the other hand, younger children and women above 50

(menopausal age) often take additional 25OHD, that would be

a source of bias in keeping with the observations of Cong E,

et al. (14).

As the study was performed in primary care settings then all

these patients had their records dating back up to 20 years, and

in younger patients since their birth. All subjects had no history

of any kidney or liver disease, were not vegetarians, and were not

taking any vitamin D supplements, thiazide diuretics, steroids,

antiepileptic or osteoporotic medications. Pregnant or beast-

feeding women were not included into the study. Our patients

were also free of any major disabilities that could impede their

stay outdoors. Demographic characteristics of subjects

participating in the study is presented in Table 1.

Concentrations of 25OHD, parathormone (PTH) and total

calcium were assessed twice in the same subjects in late winter/

early spring (March-April), and late summer/early autumn

(September-October). The reference range for total calcium

was 8.41-10.42 mg/dl (2.1-2.6 mmol/l). We have chosen the

measurements of total instead of ionized calcium as assessment
TABLE 1 Demographic characteristics of subjects participating in
the study.

Total number of participants 125

Males 56

Females 69

Age range 6-50

Age (mean ± SD) [years] 29.16 ± 13.24

BMI (mean ± SD) [kg/m2] 25.32 ± 6.33

BMI (mean ± SD) males [kg/m2] 25.06 ± 6.12

BMI(mean ± SD) females [kg/m2] 25.53 ± 6.52

Mean age males [years] 26.72 ± 13.36

Mean age females [years] 30.41 ± 14.58
fro
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of ionized calcium is a demanding procedure, sensitive to pH of

blood (acidosis increase ionized calcium concentration) and

preanalytical errors (fist-clenching or use of venous stasis may

increase level of ionized calcium), requiring immediate handling

and good quality control (16). This choice of screening tests was

therefore, in our opinion, suitable for screening in primary

care settings.

25OHD was measured by the means of Elecsys Vitamin D

Total II assay, using Cobas 801 analyzer (Roche®) with

intra-assay variation 1.1-3.1% and inter-assay variation 2.2-

4.3%, while 1-84 amino acid PTH was measured by

electrochemiluminescence ECLIA method - Elecsys system,

Cobas 801 analyzer with intra-assay variation 1.7-2.6%, inter-

assay variation 2.5-3.1%. The reference range for PTH,

according to this assay, is 15-65 pg/ml. Increased PTH

concentration was defined as a value above upper reference

limit (65 pg/ml).

This study was conducted according to the guidelines laid

down in the Declaration of Helsinki, and all procedures

involving research study participants were approved by the

Ethics Committee of the Polish Mother’s Memorial Hospital

Research Institute, Lodz, Poland, decision nr 100/2019.

Informed consent was obtained from all subjects involved in

the study.
Statistical analysis

The MedCalc 19.0.7 package was used for statistical analysis.

Shapiro-Wilk and D’Agostino-Pearson tests were used to test the
Frontiers in Endocrinology 03
normality of distributions. The t-Student, Mann-Whitney and

chi2 methods were used to compare parameters. The p<0.05

ratio was taken as statistically significant.
Results

Changes in 25OHD, PTH and total calcium are presented in

Table 2. There was an increase in 25OHD concentrations from

spring to autumn from 18.1 ± 7.37 ng/ml (median 17.0 ng/ml) to

24.58 ± 7.72 ng/ml (median 23.1 ng/ml), p<0.0001, and a decline

in PTH concentrations from 44.40 ± 17.76 pg/ml (median 41.65

pg/ml) to 36.63 ± 14.84 pg/ml (median 33.50 pg/ml), p<0.0001,

without significant change in calcium concentrations 9.53 ± 0.41

mg/dl, versus 9.49 ± 0.76 mg/dl, p=0.65. All subjects had normal

kidney function (mean creatinine 0.78 mg/dl ± 0.21 mg/dl) and

total calcium concentrations within the reference range. There

were no sex-related differences in BMI (25.06 ± 6.12 kg/

m2 versus 25.53 ± 6.52 kg/m2) or age (26.72 ± 13.36 years

versus 30.41 ± 14.58 years, for males and females, respectively).

Only 45 subjects (36%) were vitamin D sufficient (i.e.

25OHD>20/ml) in March/April versus 83 (66.4%) in

September/October, p<0.001. Elevated PTH concentrations

were noted in 10 subjects in spring (8%), and in six subjects in

autumn (4.8%, p<0.05).

Analysis of subjects with elevated PTH stratified according

to 25OHD concentrations is presented in Table 3, while

evolution of individual concentrations of PTH, 25OHD and

calcium is presented in Table 4, in keeping with Institute of

Medicine guidelines (17) 25OHD sufficiency was defined as
TABLE 2 Concentrations of 25OHD, parathormone (PTH) and total Calcium (mean ± SD) in 125 healthy subjects not taking any 25OHD
supplements tested twice in spring and in autumn from a single urban general practice in the city of Lodz, Poland, latitude 51°75’ N.

March/April September/October P value

25OHD [ng/ml] 18.1 ± 7.37 24.58 ± 7.72 <0.0001

PTH [pg/ml] 44.40 ± 17.76 36.63 ± 14.84 <0.0001

Total calcium [mg/dl] 9.53 ± 0.41 9.49 ± 0.76 0.65
front
TABLE 3 The number of patients with raised PTH concentrations (65 pg/ml) and normocalcemia depending on the season of the year and
25OHD status.

PTH > 65 pg/ml(whole population: n=125, age 6-50, reference range for PTH: 15-65 pg/ml)

Spring Autumn PTH normalization after summer PTH
increase above reference range after summer

TOTAL 10 (8.0%) 6 (4.8%) 7 (5.6%) 4 (3.2%)

25OHD >20 ng/ml 2 (1.6%) 5 (4.0%) – 3 (2.4%)

25OHD 12-20 ng/ml 6 (4.8%) 1 (0.8%) 5 (4.0%) 1 (0.8)

25OHD <12 ng/ml 2 (1.6%) 0 2 (1.6%) –
iersin.org
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concentrations above 20 ng/ml (50 nmol/L), with 25OHD

deficiency being only present for concentrations below

12 ng/ml (30 nmol/L), while 25OHD insufficiency was defined

for concentrations 12-20 ng/ml (30-50 nmol/L). Similar cut-off

point was also used in other studies (7, 8).

Notably in the majority, i.e. in seven out of ten patients with

high PTH concentrations in spring, we observed normalization

of PTH concentrations in autumn. This phenomenon, however,

pertained only to individuals with 25OHD insufficiency (12-20

ng/ml) or deficiency (25OHD<12 ng/ml), while in those with

normal 25OHD concentrations (i.e. >20 ng/ml), there was

indeed an increase in PTH concentrations in three out of five

subjects, despite an overall decrease in PTH in the whole

investigated cohort. Indeed, in eight out of ten subjects in

spring (80%) elevated PTH concentrations were noted in the

setting of 25OHD deficiency or insufficiency, while in autumn

25OHD insufficiency was noted only in one out of six subjects

with high PTH (p<0.05, spring versus autumn). Hence,

increased PTH concentrations in the setting of normocalcemia

and 25OHD sufficiency were finally present in five subjects

(4.0% of the investigated cohort).
Discussion

Our study indicates that screening for normocalcemic primary

hyperparathyroidism should be preferably done in autumn, as

elevated PTH levels in spring are more likely to be related to

25OHD deficiency. Though our data are based on relatively small

cohort (n=125), our results, are, however, quite convincing, given
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that in seven out 10 subjects in spring (i.e. 70%), increased PTH

concentrations were indeed a transient phenomenon and reverted

tonormal in autumn.Given the average severalmonthwaiting time

for specialist assessment, this would imply that seven out of ten

patients might be unnecessarily referred to specialist clinic, thus

generating additional costs as well as at least two unnecessary

specialist visit for each patient (investigations are usually ordered

during the first visit and reviewed on the second visit prior to

possible discharge). Indeed, our study showed that patients are

twice as likely tobe25OHDsufficient inSeptember-October than in

March/April (66.4% versus 36%). Though, to best of our

knowledge, there are no data on seasonal variation of PTH in

nPHPT, in our opinion, our observations are corroborated by

results of the study by Das G et al. (18) that was performed in a

specialist clinic settings inWales (UK)– latitude53-54°N, similar to

northern Poland. The Authors investigated patients with elevated

PTHand25OHDdeficiency,whowere referred to their clinic.They

eventually diagnosed nPHPT in 23 subjects out of 111 (20.7%) and

frank PHPT in 16 subjects (14.4%) with 25OHD concentrations

below20ng/ml.Thatmeans that in64.9%ofpatients (72outof 111)

elevated PTHwas most likely caused by 25OHD deficiency, rather

than by frank or normocalcemic PHPT.

Our results are also in keeping with observations of Shini

et al. (19) who analyzed data obtained from 6280 patients from

Sheffield area (UK) between 2013 and 2018. Indeed, the authors

suggest that increased PTH concentrations in the setting of

normocalcemia, normal kidney function and 25OHD above 20

ng/ml are more likely to indicate primary hyperparathyroidism,

while secondary hyperparathyroidism should be suspected for

25OHD concentrations <20 ng/ml.
TABLE 4 Individual concentrations of PTH, 25OHD and total Calcium of patients with raised PTH (either in March/April, n=10, or in September/
October, n=6), the fall in PTH (spring versus autumn) and an increase in 25OHD were statistically significant (p<0.001).

SPRING (March-April) AUTUMN (September-October)

Nr Age [years]
Sex

[F/M]

PTH
[pg/ml]

25OHD
[ng/ml]

Calcium
[mg/dl]

PTH
[pg/ml]

increment
or decrement

[%]

25OHD
[ng/ml]

increment
or decrement

[%]

Total
Calcium
[mg/dl]

increment
or decrement

[%]

1. 39F 95.1 30.0 9.33 44.2 -53.5 31.8 3.3 9.00 -3.5

2. 43F 77.3 8.1 9.30 57.9 -25.1 28.3 246 8.98 -3.4

3. 43F 102.0 12.1 8.58 60.1 -41.1 19.0 57 9.30 3.7

4. 40F 66.7 12.7 8.93 74.1 11.1 18.6 46 9.60 7.5

5. 32M 79.8 12.2 9.22 53.6 -32.8 33.0 170 9.50 3.0

6. 30F 76.9 25.0 9.20 81.1 5.5 28.2 13 9.10 1.1

7. 46F 73.2 16.1 9.11 37.2 -39.6 15.6 -3 9.15 0.4

8. 49F 66.9 8.1 9.05 45.7 -31.6 16.2 100 9.00 -0.5

9. 50M 137.0 13.0 9.25 92.8 -32.3 23.2 78 9.20 -0.5

10. 49F 88.1 15.2 9.20 88.8 0.8 23.3 53 9.40 2.2

11. 40F 61.5 9.0 9.90 66.7 8.4 25.6 184 9.91 0.1

12. 13F 64.6 15.6 9.68 80.4 24.4 24.1 54 9.80 1.2

Mean
± SD

84.4
± 21.2

14.7
± 6.6

9.23
± 0.33

65.2
± 18.3

– 23.9
± 5.8

– 9.32
± 0.31

–

fr
Raised PTH values as well PTH decrements after in September/October versus March/April are highlighted in bold.
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Recently, the significance of commercial assay type on the

diagnosis of nPHPT has been shown (20). Namely, Abbott iPTH

results were 53.4% (IQR 42.3–67.1, p<0.001) and 21.4% (IQR

12.1–28.1, p<0.001) higher than Roche iPTH and Siemens iPTH

results, respectively. Siemens iPTH results were 26.8% (IQR

19.6–37.9, p<0.001) higher than Roche iPTH results. Hence, the

use of Roche assay in our study might result in underdiagnosis

rather than overdiagnosis of nPHPT. Moreover, PTH reference

ranges are not adjusted for age (16), what is important since

higher PTH levels were observed in elderly people (21), who

were, however, not included in our study.

Furthermore, our data point to rather high prevalence of

possible nPHPT in urban Polish population (around 4.0-4.8% in

autumn). Prevalence on nPHPT is reported within a very wide

range, depending on the selection criteria (2), though timing of

the screening in relation to season of the year was not

mentioned. Important factor affecting nPHPT diagnosis is a

definition of 25OHD sufficiency, which is debatable (6). For

instance, Vignali et al. (22) reported the prevalence of nPHPT in

seven out of 685 (1.02%) of fully evaluated subjects from a village

in southern Italy, but with 25OHD sufficiency cut-off of 30 ng/

ml, and without specification of the timing of sample collection.

Though discussion whether 20 ng/ml or 30 ng/ml 25OHD

sufficiency cut-off is most optimal was beyond the scope of our

study, it should be mentioned that relationship between 25OHD

concentrations and PTH becomes relatively flat for 25OHD

concentrations above 20 ng/ml. Namely, Malabanan et al. (23)

demonstrated that an expected decrease in PTH, when serum

vitamin D concentration was increased by administration of 50

000 IU of 25OHD once weekly for 8 weeks, was present only in

subjects with a baseline 25OHD level of less than 20 ng/ml.

Moreover, Sai et al. (24) suggest that vitamin D insufficiency

should be defined as serum 25OHD less than 20 ng/mL as it

relates to the bone.

The main limitation of our study is related to the lack of

assessment of 24-hour urinary calcium and creatinine excretion

and calcium-to-creatinine clearance ratio. Indeed, some of our

subjects with raised PTH concentrations in autumnmight have a

variant of Familial Hypocalciuric Hypercalcemia (i.e. raised

PTH with total calcium at the upper reference range). To the

best of our knowledge there are no data on prevalence of FHH in

Polish population. Also, the measurements of phosphorus might

be useful in a differential diagnosis between nPHPT and

secondary hyperparathyroidism due to 25OHD deficiency as

suggested by Guo Y et al. (15). The diagnosis of nPHPT is

establ ished after exclusion of secondary causes of

hyperparathyroidism, such as renal disease, vitamin D

deficiency, malabsorption and dietary calcium deficiency or

use of medications that may increase PTH level (i.e.

bisphosphonates, denosumab, loop diuretics, antiepileptic

drugs, lithium) (16), and virtually all of these conditions were

excluded in our patients. Other rare causes of elevated PTH like

pseudohypoparathyroidism should also be excluded, but none of
Frontiers in Endocrinology 05
our patients presented with very high PTH in the setting of

hypocalcemia. Though diagnostic algorithm applied in our study

could have certainly been improved, it reflects the real life

situation in primary care settings. In that sense, our study was

not designed to establish the final diagnosis, but to identify

patients who would benefit from specialist referral and further

detailed investigations. Indeed, subjects with raised PTH and

suspected nPHPT can be referred for further specialist

assessment in order to either confirm or refute the diagnosis.

Yet, in our opinion, many of such referrals might be superfluous,

if their PTH concentrations normalize in summer, following an

expected increase in 25OHD concentrations, i.e. by the time

when then reach the specialist clinic.

In summary, our study shows that the likelihood to obtain

the correct diagnosis of possible nPHPT is amplified if patients

are evaluated after correction of 25OHD deficiency. In subjects

not taking vitamin D supplements this is much more likely to be

achieved in autumn, when patients are twice as likely to be

vitamin D sufficient. Further research is needed either to

confirm, or to refute quite high prevalence (4%) of possible

nPHPT in young and middle-age Poles in urban settings.
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establishment of age-adjusted reference intervals for parathyroid hormone. Clin
Chim Acta (2020) 508:217–20. doi: 10.1016/j.cca.2020.05.030

22. Vignali E, Cetani F, Chiavistelli S, Meola A, Saponaro F, Centoni R, et al.
Normocalcemic primary hyperthyroidism: a survey in a small village of southern
Italy. Endocr Connect (2015) 4(3):172–8. doi: 10.1530/EC-15-0030

23. Malabanan A, Veronikis IE, Holick MF. Redefining vitamin D insufficiency.
Lancet (1998) 351(9105):805–6. doi: 10.1016/s0140-6736(05)78933-9

24. Sai AJ, Walters RW, Fang X, Gallagher JC. Relationship between vitamin D,
parathyroid hormone, and bone health. J Clin Endocrinol Metab (2011) 96(3):
E436–46. doi: 10.1210/jc.2010-1886
frontiersin.org

https://doi.org/10.1210/jc.2012-4022
https://doi.org/10.1210/jc.2012-4022
https://doi.org/10.1097/MED.0000000000000198
https://doi.org/10.1210/jc.2008-1758
https://doi.org/10.23736/S0391-1977.20.03215-0
https://doi.org/10.1177/2042018821995370
https://doi.org/10.1210/jc.2013-1195
https://doi.org/10.1210/jc.2015-2022
https://doi.org/10.1111/j.1365-2265.2005.02371x
https://doi.org/10.3389/fendo.2019.00171
https://doi.org/10.1007/s00394-018-1756-4
https://doi.org/10.1007/s11657-020-00744-1
https://doi.org/10.1016/j.clinbiochem.2016.06.009
https://doi.org/10.1016/j.bone.2016.05.012
https://doi.org/10.1016/j.bone.2016.05.012
https://doi.org/10.1210/JC.2015-2105
https://doi.org/10.1186/s12902-019-0487-8
https://doi.org/10.1186/s12902-019-0487-8
https://doi.org/10.1007/s12020-021-02845-4
https://doi.org/10.1210/jc.2011-2218
https://doi.org/10.1177/0004563214564400
https://doi.org/10.1177/0004563214564400
https://doi.org/10.1210/clinem/dgaa084
https://doi.org/10.1210/clinem/dgaa084
https://doi.org/10.1055/a-1856-4900
https://doi.org/10.1055/a-1856-4900
https://doi.org/10.1016/j.cca.2020.05.030
https://doi.org/10.1530/EC-15-0030
https://doi.org/10.1016/s0140-6736(05)78933-9
https://doi.org/10.1210/jc.2010-1886
https://doi.org/10.3389/fendo.2022.1013362
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The effects of season (spring versus autumn) on diagnosis of&nbsp;normocalcemic primary hyperparathyroidism
	Introduction
	Subject and methods
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /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
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


