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Objective: Primary hyperparathyroidism (PHPT) is a common endocrine disorder of
calcium metabolism. However, data concerning a large cohort of PHPT patients in the
Chinese population are scarce. Thus, the objective of this study was to determine the
general clinical signatures of 457 Chinese PHPT patients and explore the clinical
characteristic differences between benign and malignant PHPT.

Methods: A single-center retrospective study was designed. Medical records between
preoperation and postoperative follow-up, were assessed and statistical analysis of the
clinical data was performed.

Results: Patients with PHPT aged 12-87 years, with a mean onset age of 56.16 + 14.60
years, were included. Most patients (68.7%) in our center had symptomatic patterns
described as bone pain (74.8%), urolithiasis (25.5%), fatigue (17.5%), and pathological
fracture (13.1%), but an increasing tendency has been established in the proportion of
patients with asymptomatic forms. Correlation analysis revealed that patients with higher
serum levels of parathyroid hormone (PTH) and calcium presented higher serum levels of
bone turnover markers (BTMs) and lower 25-hydroxy-vitamin D (250HD) values
(P<0.001). Gains in bone mineral density (BMD) at L1-4, the femoral neck and the total
hip were observed 1-2 years after parathyroidectomy (9.6, 5.9, and 6.8%). Parathyroid
carcinoma patients presented prominently higher serum PTH and calcium levels and
BTMs and lower BMD at femoral neck and total hip than benign PHPT patients (P<0.05),
while no significant differences in age, sex, and serum 250HD concentration were
observed between benign and malignant PHPT patients.

Conclusions: PHPT should be paid attention to in the patients with bone pain. While,
BMD and BTMs can differentiate parathyroid carcinoma from parathyroid adenoma and
hyperplasia to some extent. In addition, anti-osteoporosis drugs could be used when
necessary to avoid hip fractures in patients with parathyroid carcinoma.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is the most common
cause of hypercalcemia, which has a female predominance (1,
2). Yeh et al. (3) conducted a study in a racially mixed population
including 3.5 million enrollees with PHPT and found that the
incidence was 92 and 46, 81 and 29, and 52 and 28 per 100,000
for females and males in Blacks, Whites, and Asians, respectively.

Since the advent of multichannel screening in Western
countries in the 1970s, the epidemiology of PHPT has evolved
from symptomatic profiles into asymptomatic profiles (4).
Currently, the vast majority (>80%) of patients in the USA and
Western Europe do not show symptoms and demonstrate a mild
elevation in serum parathyroid hormone (PTH) and calcium (5).
In contrast, reports from India, Thailand, and China in the past
5-10 years have concluded that most patients still manifest
skeleton and kidney involvement as described in classical
PHPT (6-8).

Parathyroid carcinoma is the rarest cause of PHPT, representing
less than 1% of all PHPT, compared with approximately 80-85 and
15-20% of solitary parathyroid adenoma and parathyroid
hyperplasia, respectively (9). The majority of parathyroid
carcinoma cases are diagnosed postoperatively by histopathology
on account of the difficulty of differentiating malignant PHPT from
benign PHPT preoperatively. Considering that en bloc resection is
the gold standard treatment for parathyroid carcinoma and that the
identification of parathyroid carcinoma prior to surgery can provide
options for surgical procedures (10), we conducted a study to
compare benign and malignant PHPT.

To the best of our knowledge, to date, there are no studies
available on the clinical and biochemical traits of PHPT in more
than 400 Chinese patients (8, 11-15). Our center has reported
260 patients with PHPT from 2005 to 2016; regrettably, the study
lacks bone turnover markers (BTMs), bone mineral density
(BMD), and postoperative follow-up data. Meanwhile, with the
popularity of routine biochemical screening in China (4), an
increasing number of patients with PHPT have been recognized
in our center in recent years. Therefore, herein, we expanded all
cases, gathered more detailed data, and improved the defects
mentioned above in an attempt to elaborate the clinical and
biochemical features of Chinese patients with PHPT in
2005-2019.

SUBJECTS AND METHODS

Subjects

The study was approved by the Ethics Committee of Shanghai Jiao
Tong University Affiliated Sixth People’s Hospital. Written
informed consent was obtained from all participants. A total of
457 subjects were enrolled in this study from January 1, 2005, to July
30, 2019, including one multiple endocrine neoplasm one case and
one multiple endocrine neoplasm 2A case confirmed genetically.
Symptomatic PHPT patients were diagnosed based on concomitant
symptoms (bone pain, nephrolithiasis, pathological fractures,
polydipsia and polyuria, digestive symptoms, neuropsychiatric

manifestations, etc.), persistent hypercalcemia, and serum PTH
excess. Asymptomatic PHPT was defined as the absence of
symptoms and the presence of hypercalcemia and elevated or
inappropriately normal PTH concentrations (9).

Patients with secondary (e.g., vitamin D deficiency, kidney
insufficiency, intestinal calcium malabsorption) or tertiary
hyperparathyroidism (hyperphosphatemia, renal transplantation)
were excluded.

The age of onset was recorded according to the first
identification of symptoms related to PHPT for symptomatic
patients or an elevation in serum calcium or PTH concentrations
for asymptomatic patients. Surgery was performed when patients
met the criteria (16). The tumor specimens were diagnosed by
professional pathologists, and the largest single diameter from the
pathology report was utilized as the tumor size (17). The definite
histological criteria for the diagnosis of parathyroid carcinoma were
as follows (18): 1) sheets or lobules of tumor cells with interspersed
fibrous bands; ii) extremely abundant mitosis; iii) necrosis of tumor
tissues; iv) capsular invasion; and v) vascular invasion. Follow-up
data were recorded when available. The persistence of PHPT was
defined as hypercalcemia within 6 months of parathyroidectomy,
and the recurrence of PHPT was defined as hypercalcemia
presenting after a normocalcemic interval at more than 6 months
after parathyroidectomy (16).

Clinical Features

The basic information was collected, including sex, age at the
time of diagnosis, and body mass index (BMI). Radiographs of
skeletons were performed to assess bone involvement. Renal
ultrasound was carried out to evaluate nephrolithiasis.
Parathyroid ultrasound and/or *’mTc-sestamibi scintigraphy
were conducted preoperatively to assist in locating the
abnormal tissues.

Laboratory Tests

Relevant biochemical tests included intact serum PTH, serum
25-hydroxy-vitamin D (250HD), serum calcium, phosphate, B-
crosslaps of type 1 collagen containing cross-linked C-
telopeptide (B-CTX), serum osteocalcin (OC) in the form of an
N-terminal mid-molecule fragment, total alkaline phosphatase
(ALP), creatinine, albumin, hemoglobin, triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and fasting plasma
glucose (FPG). The serum calcium levels were adjusted by the
following formula when there was any aberration in albumin:
(40—serum albumin concentration in grams per liter)x0.2+
measured total serum calcium in millimole per liter.

Serum PTH, 250HD, B-CTX, and OC concentrations were
measured using an automated Roche electrochemiluminescence
system. The serum calcium, phosphate, and ALP levels were
measured using a Hitachi 7600-020 automatic biochemistry analyzer.

BMD Measurements

The BMD (g/cm®) of the lumbar spine (L1-4), left femoral neck,
and total hip was measured using dual-energy X-ray
absorptiometry (DXA). Validated DXA scans were available
for 180 patients assessed by Lunar software (Lunar, Madison,
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WI, USA). T- and Z-scores were obtained using the reference
norms of the manufacturer. The T-score was used for
postmenopausal women and men aged 50 and older, and the
Z-score was used for premenopausal women and men under 50.
The Lunar devices were calibrated daily, and the measurements
were conducted by the same well-trained technologist.

Statistical Analyses

All data were analyzed using IBM SPSS Statistics (version 26.0;
SPSS Inc., Chicago, Illinois). The normally distributed variables
are presented as the mean + SD, and between-group differences
were assessed with independent-samples ¢ test or one-way
ANOVA as appropriate. The medians (25th and 75th
percentiles) are presented for non-normally distributed
variables, and the Mann-Whitney U test or Kruskal-Wallis test
were applied to compare intergroup differences. Categorical
variables are described as frequencies or percentages, and
intergroup comparisons were analyzed with the % test or
Fisher’s exact probability test. Correlations between variables
were analyzed with the Spearman rank correlation coefficient. A
two-tailed value of P<0.05 was considered statistically significant.

RESULTS

Demographics and General
Characteristics of Patients with PHPT

The study group included 457 patients: 352 (77.0%) were
females, 105 (23.0%) were males (female-to-male ratio of
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3.4:1), 314 (68.7%) were symptomatic, and 143 (31.3%) were
asymptomatic, with a mean age and onset age of 58.44 + 14.11
and 56.16 + 14.60 years, respectively.

The numbers of patients with PHPT and asymptomatic
PHPT have both increased over the past 15 years. The number
of patients with total PHPT markedly increased by 11.8 times
from 2005-2007 to 2017-2019, and the number of patients
diagnosed in 2017-2019 accounted for 47.5% of all cases in
2005-2019. Furthermore, the proportion of asymptomatic
patients increased by five times from 5.9 (1/17) to 35.0% (76/
217) from 2005-2007 to 2017-2019 (Figure 1A).

A total of 361 patients with PHPT who underwent
parathyroidectomy underwent parathyroid ultrasound or
99MTc_sestamibi scintigraphy preoperatively to localize the
parathyroid lesions.

There were 335 patients examined by parathyroid ultrasound,
and 86.6% (290/335) were true positive. Among 290 patients, 221
had adenoma, 59 had hyperplasia, and 10 had carcinoma, based
on the results of ultrasonic diagnosis. In addition, 46.6% (135/
290) of the patients’ ultrasonic diagnosis corresponded to the
final histopathology. Among 135 patients, 126 had adenoma, 3
had hyperplasia, and 6 had carcinoma.

There were 303 patients examined by **™Tc-sestamibi
scintigraphy, and 95.4% (289/303) were true positive. Among
these 289 patients, 224 had adenoma, 60 had hyperplasia, and 5
had carcinoma, according to the diagnosis by sestamibi, and
44.3% (128/289) of the patients’ diagnosis by sestamibi were
complied with the pathological results. Among 128 patients, 125
had adenoma, none had hyperplasia, and 3 had carcinoma.
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FIGURE 1 | (A) Number of total and asymptomatic patients in 2005-2019. The number of patients with total primary hyperparathyroidism (PHPT) markedly
increased by 11.8 times from 2005-2007 to 2017-2019, and the proportion of asymptomatic patients increased by 5 times from 2005-2007 to 2017-2019.

(B, C) Trends of serum parathyroid hormone (PTH) and calcium levels pre- and intraoperatively and within 24 months after parathyroidectomy. Serum PTH and
calcium levels decreased to the lower limit of normal 1-2 days after resection, then increased to a peak of normal range at 1 month and then reached a rather
sustainable plateau at 6-24 months. (D) Number of patients with parathyroid adenoma, hyperplasia, and carcinoma in 2005-2019. The number and proportion of
patients with parathyroid adenoma, hyperplasia and carcinoma were 280 (77.6%), 67 (18.6%), and 14 (3.9%), respectively.
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A significant difference was observed between the two
imaging techniques in assisting with the localization of
tumors (P<0.001).

Clinical and Biochemical Features of PHPT
The clinical and biochemical characteristics of patients with
PHPT are enumerated in Tables 1-3. The most frequent
manifestations of symptomatic patients were bone pain
(74.8%), urolithiasis (25.5%), fatigue (17.5%), pathological
fracture (13.1%), polydipsia and polyuria (10.8%), and
neuropsychiatric disorders (7.0%). A total of 85/160 (53.1%)
patients who were postmenopausal women or men aged 50 and
older had BMD T-scores < —2.5 at any site, with the following
specific site involvement: 56 (65.9%) in L1-4, 36 (42.4%) in the
femoral neck, and 30 (35.3%) in the total hip. Meanwhile, 9/20
(45.0%) patients who were premenopausal women or men under
50 had BMD Z-scores <-2.0 at one or more sites, with the
following specific site involvement: 9 (100.0%) in L1-4, 6 (66.7%)
in the femoral neck, and 8 (88.9%) in the total hip.

The median B-CTX and OC values were 863.30 ng/L
(interquartile range: 453.25-1,321.75 ng/L) and 41.72 ng/ml
(interquartile range: 24.98-71.21 ng/ml) in the cohort, which
were above the established reference range of healthy Chinese
subjects (19). Furthermore, 43.7% (190/434) of patients had
elevated ALP values above the upper limit of normal, which
suggested active bone turnover in these patients. Additionally,
vitamin D deficiency (<20 ng/ml) was found in 83.0% (234/282)
of patients with PHPT.

Correlation analysis revealed that patients with higher serum
PTH and calcium levels had higher serum levels of B-CTX
(r=0.665, P<0.001), OC (r=0.605, P<0.001) and ALP (r=0.675,
P<0.001), and larger tumor sizes (r=0.579, P<0.001) but
exhibited lower serum 250HD concentrations and younger age
(P<0.001) (Table 4).

Postoperative Follow-Up Findings

Parathyroid surgery was performed on 361 patients, and follow-
up data were available for 228 patients, with a median follow-up
duration of 6.5 months (range, 0.5-120 months). The trends of
serum PTH and calcium levels within 24 months after surgery
are listed in Figures 1B, C. Serum PTH and calcium levels
dramatically decreased to the lower limit of normal 1-2 days
after resection, then increased to a peak of normal range at 1
month and subsequently reached a rather sustainable plateau at

TABLE 1 | Clinical Spectrum of Symptomatic patients with PHPT (n=314).

Symptoms No. (%)
Bone pain 235 (74.8%)
Urolithiasis 80 (25.5%)
Fatigue 55 (17.5%)
Pathological fracture 41 (13.1%)
Polydipsia and polyuria 34 (10.8%)
Neuropsychiatric disorders 22 (7.0%)
Palpitation and chest distress 16 (6.1%)
Nausea and vomiting 14 (4.5%)
Constipation 4 (1.3%)
Pruritus 2 (0.6%)

6-24 months. Moreover, 12-24 months after parathyroidectomy,
patients had BMD gains of 9.6, 5.9, and 6.8% on average at L1-4,
the left femoral neck and the total hip, respectively.
Persistence was found in one (0.4%) patient who was
confirmed to have an ectopic adenoma in a second surgery
after a follow-up of 6 months, and recurrence was noted in six
(2.6%) patients at a median duration of 42.0 months (range, 12—
108 months). Among them, four had parathyroid carcinoma
recurring at a median follow-up of 36 months (two underwent
parathyroidectomy twice, and the others underwent
parathyroidectomy three times), and two developed a second
adenoma in a previously normal gland after the initial surgery.

Comparison of Patients with Parathyroid
Adenoma, Hyperplasia, and Carcinoma

Of 361 patients who were treated with surgery, 76.8% (276/361)
had a single parathyroid adenoma, and 1.1% (4/361) had
multiple adenomas. A total of 18.6% (67/361) of the patients
had parathyroid hyperplasia, four of which had multigland
hyperplasia. A total of 3.9% (14/361) had parathyroid
carcinoma. Strikingly, the incidence of parathyroid carcinoma
increased from 0 to 4.2% in the period of 2005-2013 but
substantially decreased by 80.0% from 12.1 to 2.4% over the

past 5 years (Figure 1D).
In seven patients, the parathyroid glands were ectopic: three

were in the superior mediastinum, one was in the substernal
region, one was in the sternoclavicular joint, one was beside the
common carotid artery and innominate artery, and one was
beside the trachea.

Compared with parathyroid adenoma and hyperplasia,
carcinoma cases presented higher serum PTH, calcium, and
ALP levels (P<0.001) and larger tumor sizes (P<0.001).
Moreover, serum B-CTX and OC values were also higher in
carcinoma cases than in adenoma and hyperplasia cases
(P<0.001); however, no difference was noted in BMD at all
regional sites except femoral neck and total hip between
benign and malignant PHPT (Table 3). Similarly, no
differences were observed among patients with parathyroid
adenoma, hyperplasia, and carcinoma in terms of sex, age,
onset age, or serum post-PTH, serum 250HD, creatinine,
hemoglobin, albumin, TG, TC, HDL-C, LDL-C, and FBG
levels (Table 2).

DISCUSSION

Our retrospective study of 457 patients with PHPT showed
increasing trends of both symptomatic and asymptomatic
patients in a single center in China during a 15-year study
period (2005-2019). As far as we know, this is the largest
cohort to be reported in China so far (8, 11-13, 15, 20). The
number of diagnosed and treated PHPT cases in 2017-2019 was
practically half of all the cases over 15 years. Reasons for the
tremendous increase may lie in the enhanced consciousness of
osteoporosis assessment, bringing about the increased
measurement of serum PTH and calcium and the wider
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TABLE 2 | Clinical and biochemical characteristics of total primary hyperparathyroidism (PHPT), parathyroid adenoma, hyperplasia, and carcinoma cases.

Total PHPT Adenoma Hyperplasia Carcinoma P-value
No. 457 280 67 14
Age, y 58.44 + 14.11* 58.24 + 14.02 56.10 + 13.18 54.07 + 12.09 0.320
Age<50 years 21.4% 21.4% 28.4% 50.0%° 0.033
Age of onset, year 56.16 + 14.60 56.31 + 14.48 54.48 + 13.60 5417 +12.41 0.585
Sex (female: male) 3.4:1 3.1:1 5.7:1 2.5:1 0.182
BMI, kg/m? 23.65 + 3.34 23.59 + 3.25 23.78 £ 3.17 20.92 + 3.47°¢ 0.033
Tumor size, cm 1.80 (1.30-2.50) 1.80 (1.50-2.50)° 1.15 (1.00-2.00) 3.75 (3.00-4.88)°° <0.001
Serum PTH, pg/ml 168.35 (115.30-370.98)" 200.50 (128.28-431.50)% 152.50 (103.20-285.65)  1,315.00 (530.13-2,060.25)*°  <0.001
Serum intra-PTH, 49.42 (28.64-83.05) 47.60 (28.16-83.06) 44.25 (28.09-60.86) 171.30 (80.96-362)*° 0.005
pg/mi
Serum post-PTH, pg/ml 15.61 (8.76-31.11) 15.26 (7.90-29.37) 20.53 (11.82-33.55) 18.98 (10.42-76.90) 0.067
Albumin-corrected 2.83 (2.70-3.10) 2.86 (2.72-3.11) 2.79 (2.66-3.03) 3.30 (3.13-4.03)> <0.001
serum calcium, mmol/L
Hypercalcemic crisis (>3.5 mmol/L) 8.3% 7.3% 7.0% 38.5%° 0.005
Serum phosphate, 0.83+£0.18 0.81 £0.23 0.86 + 0.16 0.84 £ 0.38 0.408
mmol/L
Serum 25 (OH)D, 14.08 (10.12-17.74) 13.00 (10.01-16.62) 15.90 (8.63-20.64) 11.05 (8.83-14.79) 0.193
ng/ml
Serum B-CTX, ng/L 863.30 (453.25-1,321.75) 1,007.30 (647.33-1,536.50)° 563.00 (266.35-772.18) 2,972.00 (2,457.50-5,283.50)°>°  <0.001
Serum OC, ng/ml 41.72 (24.98-71.21) 49.57 (31.39-97.71)° 31.91 (22.10-50.94) 300.00 (199.60-300.00)*° <0.001
Serum ALP, U/L 104 (76-150) 114 (83-161) 86 (70-124) 434 (155-769)*° <0.001
Serum creatinine, 59 (561-76) 60 (51-75) 56 (49-72) 81 (562-129) 0.159
umol/L
Hemoglobin, g/L 128.41 £ 17.73 128.32 + 19.56 128.57 + 11.25 120.93 + 28.36 0.894
Albumin, g/L 4451 + 413 45.07 £ 6.76 44.40 + 4.37 43.29 £ 6.29 0.473
TG, mmol/L 1.47 (0.90-1.99) 1.59 (1.04-2.14) 1.33 (0.78-1.89) 1.67 (0.93-2.41) 0.782
TC, mmol/L 4.75 £ 1.05 4.70 (4.11-5.45) 4.74 (3.565-5.14) 4.65 (3.87-5.67) 0.853
HDL-C, mmol/L 1.25 +0.36 1.18 £ 0.30 1.38 + 0.49 1.55 + 0.66 0.318
LDL-C, mmol/L 2.78 £ 0.83 2.83 +£0.93 2.58 £ 0.79 2.38 £ 0.33 0.463
FBG, mmol/L 5.32 (4.92-5.98) 5.32 (4.92-5.87) 5.24 (4.81-6.03) 5.21 (4.75-5.65) 0.632

*Normally distributed data are shown as the mean + SD.
"Non-normally distributed data are shown as the median (interquartile range).

250HD, 25-hydroxy-vitamin D; B-CTX, B-crosslaps of type 1 collagen containing cross-linked C-telopeptide; OC, serum osteocalcin in the form of N-terminal mid-molecule fragment, ALP,
total alkaline phosphatase; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; FPG: fasting plasma glucose.
Normal range: PTH: 15-65 pg/ml, calcium: 2.08-2.60 mmol/L, phosphate: 0.80-1.60 mmol/L, 250HD: >30 ng/ml, f-CTX: 278-540 ng/L(19), OC: 13.07-27.68 ng/ml(19), ALP: 15-112
U/L, creatinine: 53.0-115.0 mol/L, hemoglobin: 130-175 g/L, albumin: 35-55 g/L, TG: 0.45-1.81 mmol/L, TC: 2.80-5.90 mmol/L, HDL-C: 0.90-1.68 mmol/L, LDL-C: 2.84-4.10 mmol/L,

FPG: 3.90-5.80 mmol/L.

4P < 0.01 compared to parathyroid adenoma.
PP < 0.01 compared to parathyroid hyperplasia.
°P < 0.05 compared to parathyroid adenoma.
9P < 0.05 compared to parathyroid hyperplasia.
Bold numbers represent P < 0.05.

application of routine biochemical screening in China at present.
Unlike the USA and Western Europe, whose PHPT patients were
primarily asymptomatic (>80%) (21), our center had a
proportion of asymptomatic patients of only 31.3%, but the
proportion of asymptomatic patients continued to increase over
the past 15 years. Although there might be a possibility that we
omitted certain mild symptoms of patients with PHPT when
collecting medical histories clinically and mistakenly classified
these patients as asymptomatic, given that the determination of
serum calcium became increasingly common in nearly a decade
at our center, we can still draw the conclusion that the
proportion of our asymptomatic patients exhibited an
increasing tendency.

In Western countries, less than 5% of PHPT patients suffer
from overt bone disease (22, 23). Conversely, at our center,
skeleton involvement was the most predominant symptom, with
a proportion of 74.8%, which is also higher than that reported
previously in Chinese PHPT patients. Since our institute is

specialized in the diagnosis and treatment of bone diseases,
most patients came to seek medical consultation for bone pain
and ultimately diagnosed as PHPT. Such patients usually have
longer durations of disease and varying degrees of bone
involvement. Therefore, we suggest that for patients with bone
disease, PHPT should be screened. On the other hand, due to the
characteristic of our center, the high proportion of bone pain in
PHPT patients in our study may not be widely representative in
the population. There might exist an overestimation of the
proportion of patients with bone pain, thus further multi-
center studies should be carried out.

PHPT is usually accompanied by insufficient (20-29 ng/ml)
or deficient (<20 ng/ml) serum 250HD levels (24). Preceding
studies have reported 93% of 73 PHPT patients in French and
81% of 289 PHPT patients in Northern Europe had vitamin D
deficiency (25, 26). Similarly, our study revealed that more than
80% of patients suffered from 250HD deficiency. On the other
hand, our study indicated there was no difference in vitamin D
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TABLE 3 | Bone mineral density (BMD) of total primary hyperparathyroidism (PHPT), parathyroid adenoma, hyperplasia, and carcinoma cases.

Total PHPT Adenoma
L1-4
g/cm? 0.88 £ 0.17 0.84 +0.13
T-scores -1.98 + 1.42 -2.30 + 1.07
Z-scores -0.68 + 1.40 -0.90 + 1.09
Femoral neck
g/cm? 0.72 +0.12 0.70 + 0.70°
T-scores -1.71 £ 0.92 -1.90 + 0.80%
Z-scores -0.41 + 0.91 -0.54 +0.88
Total hip
g/cm? 0.76 + 0.12 0.74 = 0.11°
T-scores -1.61+0.98 -1.80 + 0.87°
Z-scores -0.62 + 0.96 -0.77 £ 0.87

Hyperplasia Carcinoma P-value
0.89 £0.13 0.87 £0.24 0.388
-1.80 +1.13 -1.95+1.98 0.287
-0.97 +1.15 -0.66 + 2.28 0.914
0.79 £ 0.11 0.64 = 0.09° 0.004
-1.08 + 0.91 -2.40 + 0.90° 0.002
-0.07 + 0.81 -1.01 £1.50 0.118
0.83 £0.13 0.61 +0.07° 0.004
-1.06 + 1.02 -2.78 + 0.61% 0.003
-0.33 £ 0.95 -1.78 + 1.29° 0.032

Values are presented as mean + SD.
4P < 0.01 compared to parathyroid hyperplasia.
PP < 0.05 compared to parathyroid hyperplasia.

TABLE 4 | Correlation analyses of serum parathyroid hormone (PTH) and
calcium levels and other clinical and biochemical parameters.

Serum PTH Serum calcium
r P value r P value
Age -0.316 <0.001 -0.273 <0.001
B-CTX 0.665 <0.001 0.582 <0.001
OC 0.605 <0.001 0.416 <0.001
250HD -0.211 <0.001 -0.111 <0.001
ALP 0.675 <0.001 0.386 <0.001
Serum creatinine 0.345 <0.001 0.294 <0.001
Hemoglobin -0.277 <0.001 -0.292 <0.001
Tumor size 0.579 <0.001 0.489 <0.001

levels between benign and malignant PHPT. Nevertheless, since
vitamin D is associated with a series of confounding factors such
as sunlight exposure, dietary supplements and lifestyles, etc (27),
the explanation of vitamin D is relatively complex. It has been
reported that lower 250HD leads to higher bone turnover and
lower BMD values (28). Accordingly, international guidelines
suggested that vitamin D should be supplemented in PHPT
patients to reach a serum level of 250HD>20 ng/ml, even up to
30 ng/ml (29). It is worth mentioning that guidelines also advised
patients with PHPT not to restrict dietary calcium intake.
Instead, 1,000-1,200 mg per day of dietary calcium
supplementation will minimize bone loss (21).

PHPT is an important disease that causes secondary
osteoporosis. In our study, the BMD at L1-L4, the left femoral
neck and the total hip were decreased in patients with PHPT,
with half of the patients having osteoporosis. Meanwhile,
patients with parathyroid carcinoma had lower BMD at the
femoral neck and the total hip than that at L1-L4, in accordance
with the finding that patients with PHPT tended to have a more
severe reduction in cortical bone as assessed by DXA (23). On the
other hand, many studies have reported an improvement in
BMD after curative parathyroidectomy. A study by Sitges-Serra
et al. reported BMD increases of 1.3, 0.4, and 2.3% for the
femoral neck, total hip, and lumbar spine sites, respectively, 1

year after surgery (30). An observational study by Rubin et al.
(31) concluded that BMD increased by 12 and 10% at the lumbar
spine and femoral neck, respectively, 10 years after successful
surgery. Moreover, recent studies found that PHPT patients with
a typical clinical profile may receive more robust skeletal benefits
from parathyroidectomy than patients with the mild type (32).
Thus, the high rate of BMD improvement in patients with PHPT
in our center may be explained by the fact that bone involvement
was most commonly seen in those patients; however, the BMD at
hip is lower in patients with parathyroid carcinoma, and hip
fracture is the most serious osteoporotic fracture, related with
high mortality for 28% at 6 months and 33% at 1 year (33), thus,
patients with parathyroid carcinoma should be alert to the
occurrence of hip fracture, and active anti-osteoporosis
treatment could be provided after parathyroidectomy
if necessary.

The diagnosis of parathyroid carcinoma preoperatively is
difficult due to a definite symptomatology overlap between
benign and malignant PHPT. Reportedly, patients with
malignant PHPT presented serum PTH concentrations 5-10
times the upper limit of normal (18) compared to those with
benign PHPT, who had serum PTH values within 2 times above
the reference range (5). Likewise, hypercalcemic crisis (>3.5
mmol/L) is usually found in up to 10% of patients with
parathyroid carcinoma (34), as opposed to patients with
parathyroid adenoma or hyperplasia, whose serum calcium
levels are generally at most 0.25 mmol/L above the upper limit
of normal (5). In our study, PTH values were markedly higher
than 10 times the normal range, and hypercalcemic crisis
accounted for 38.5% of the carcinoma cases. Moreover, we
noticed that in our study, the BTMs of parathyroid carcinoma
were significantly higher than those of either parathyroid
adenoma or parathyroid hyperplasia, indicating that patients
with malignant PHPT had much more serious bone involvement
than those with benign forms of PHPT. Hence, the BTMs could
be used for differentiating benign and malignant PHPT to
some extent.

Patients with parathyroid carcinoma have a recurrence rate of
up to 50%, and recurrence occurs more often 2-3 years after
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parathyroidectomy (35). Studies have reported that incomplete
tumor removal, age>65 years, preoperative calcium levels>3.75
mmol/L and tumor size>4 cm are negative factors of parathyroid
carcinoma prognosis (10, 36). The recurrence rate of patients
who undergo complete resection of the tumor at initial surgery
will decrease to 33% (18). Therefore, it is of great necessity to
recognize parathyroid carcinoma before surgery. Patients with
parathyroid carcinoma manifest symptoms similar to those of
typical PHPT patients; hence, biochemical markers are essential
signs of suspicion of carcinoma. Several studies have focused on
predicting parathyroid carcinoma preoperatively and concluded
that the serum ALP level has the best capability to predict
parathyroid carcinoma based on the AUC value in the ROC
curve, followed by the serum PTH level; serum calcium had the
lowest value of all three parameters (37-39). In this study, five of
the 14 patients with parathyroid carcinoma have undergone en
bloc resection at initial surgery, and no recurrence was observed
during the period of follow-up. These five patients manifested
high levels of serum PTH, calcium, and BTMs, and were
suspected of carcinoma by ultrasound or sestamibi
preoperatively. During intraoperative exploration, the tumors
were relatively large and adhered to the adjacent tissues,
therefore the en bloc resection was conducted.

There were some strengths of our study. First, the sample size
was large enough to ensure a more precise description of patients
with PHPT in China. Second, follow-up data were obtained to
better grasp the surgical outcomes and long-term development of
PHPT. However, certain limitations should be mentioned. Despite
the large cohort, it is a single-center study, and the patients included
principally came from Shanghai and neighboring provinces.
Consequently, the result cannot be extrapolated to the general
Chinese population, so multiple-center studies are needed to
provide a comprehensive characterization of the disease in China.
Furthermore, there was selection bias because our hospital is a
tertiary referral unit, and patients from other provinces presented
more severe symptoms. On the other hand, to reduce the selection
bias, we ensured a certain sample size in the research and gathered
as much clinical and biochemical data as possible.

In conclusion, our monocentric, retrospective study revealed
that patients with PHPT at our center still exhibited a
symptomatic pattern. Because of the heterogeneity of the
clinical manifestations of the PHPT patients in our cohort,
screening serum calcium in patients presenting with bone pain,
urolithiasis, or neuropsychiatric disorders must be seriously
considered. In addition, parathyroid carcinoma is characterized
by more severe clinical traits and a higher recurrence rate than its

REFERENCES

1. Yu N, Donnan PT, Murphy M]J, Leese GP. Epidemiology of primary
hyperparathyroidism in Tayside, Scotland, UK. Clin Endocrinol (Oxf)
(2009) 71:485-93. doi: 10.1111/j.1365-2265.2008.03520.x

2. Gasser RW. Clinical aspects of primary hyperparathyroidism: clinical
manifestations, diagnosis, and therapy. Wien Med Wochenschr (2013)
163:397-402. doi: 10.1007/s10354-013-0235-2

benign counterparts, so follow-up should be strengthened for
patients with parathyroid carcinoma after parathyroidectomy.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Shanghai Jiao Tong University
Afhiliated Sixth People’s Hospital. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

XL and YF conducted the study and analyzed the data. YF
contributed to Parathyroidectomy and manuscript preparation.
XL wrote the draft manuscript. ZZ and HY supervised the study
and revised the manuscript. All authors contributed to the article
and approved the submitted version.

FUNDING

This work was supported by the National Key Research and
Development Program of China (No. 2018YFA0800801);
National Natural Science Foundation of China (NSFC) (Nos.
81974126; 81770874 and 81670718); the Clinical Science and
Technology Innovation Project of Shanghai Shenkang Hospital
Development Center (No. SHDC12018120); Shanghai Key
Clinical Center for Metabolic Disease, Shanghai Health
Commission Grant (No. 2017Z701013).

ACKNOWLEDGMENTS

We thank all the participants recruited in this study.

3. Yeh MW, Ituarte PH, Zhou HC, Nishimoto S, Liu IL, Harari A, et al.
Incidence and prevalence of primary hyperparathyroidism in a racially
mixed population. J Clin Endocrinol Metab (2013) 98:1122-9. doi: 10.1210/
j€.2012-4022

4. Bilezikian JP. Primary Hyperparathyroidism. ] Clin Endocrinol Metab (2018)
103:3993-4004. doi: 10.1210/jc.2018-01225

5. Walker MD, Silverberg SJ. Primary hyperparathyroidism. Nat Rev Endocrinol
(2018) 14:115-25. doi: 10.1038/nrendo.2017.104

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 12 | Article 602221


https://doi.org/10.1111/j.1365-2265.2008.03520.x
https://doi.org/10.1007/s10354-013-0235-z
https://doi.org/10.1210/jc.2012-4022
https://doi.org/10.1210/jc.2012-4022
https://doi.org/10.1210/jc.2018-01225
https://doi.org/10.1038/nrendo.2017.104
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Lin et al.

Clinical Characteristics of PHPT

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Bhadada SK, Arya AK, Mukhopadhyay S, Khadgawat R, Sukumar S, Lodha S,

et al. Primary hyperparathyroidism: insights from the Indian PHPT registry.
] Bone Miner Metab (2018) 36:238-45. doi: 10.1007/s00774-017-0833-8

. Prasarttong-Osoth P, Wathanaoran P, Imruetaicharoenchoke W, Rojananin

S. Primary hyperparathyroidism: 11-year experience in a single institute in
Thailand. Int ] Endocrinol (2012) 2012:952426. doi: 10.1155/2012/952426

. Yao XA, Wei BJ, Jiang T, Chang H. The characteristics of clinical changes in

primary hyperparathyroidism in Chinese patients. ] Bone Miner Metab (2019)
37:336-41. doi: 10.1007/s00774-018-0922-3

. Bilezikian JP, Bandeira L, Khan A, Cusano NE. Hyperparathyroidism. Lancet

(2018) 391:168-78. doi: 10.1016/s0140-6736(17)31430-7

Rodrigo JP, Hernandez-Prera JC, Randolph GW, Zafereo ME, Hartl DM,
Silver CE, et al. Parathyroid cancer: An update. Cancer Treat Rev (2020)
86:102012. doi: 10.1016/j.ctrv.2020.102012

Zhao L, Liu JM, He XY, Zhao HY, Sun LH, Tao B, et al. The changing clinical
patterns of primary hyperparathyroidism in Chinese patients: data from 2000
to 2010 in a single clinical center. ] Clin Endocrinol Metab (2013) 98:721-8.
doi: 10.1210/jc.2012-2914

Sun B, Guo B, Wu B, Kang ], Deng X, Zhang Z, et al. Characteristics, management,
and outcome of primary hyperparathyroidism at a single clinical center from 2005
to 2016. Osteoporos Int (2018) 29:635-42. doi: 10.1007/s00198-017-4322-7
Dong JY, Guan H, Zhu Y. Clinical symptoms in 455 hyperparathyroidism
patients. Zhongguo Yi Xue Ke Xue Yuan Xue Bao (2011) 33:330-3.
doi: 10.3881/j.issn.1000-503X.2011.03.023

Xue S, Chen H, Lv C, Shen X, Ding J, Liu J, et al. Preoperative diagnosis and
prognosis in 40 Parathyroid Carcinoma Patients. Clin Endocrinol (Oxf) (2016)
85:29-36. doi: 10.1111/cen.13055

Bilezikian JP, Meng X, Shi Y, Silverberg SJ. Primary hyperparathyroidism in
women: a tale of two cities-New York and Beijing. Int ] Fertil Womens Med (2000)
45:158-65.

Wilhelm SM, Wang TS, Ruan DT, Lee JA, Asa SL, Duh QY, et al. The
American Association of Endocrine Surgeons Guidelines for Definitive
Management of Primary Hyperparathyroidism. JAMA Surg (2016) 151:959-
68. doi: 10.1001/jamasurg.2016.2310

Lampen-Sachar K, Zhao B, Zheng ], Moskowitz CS, Schwartz LH, Zakowski
MF, et al. Correlation between tumor measurement on Computed
Tomography and resected specimen size in lung adenocarcinomas. Lung
Cancer (2012) 75:332-5. doi: 10.1016/j.lungcan.2011.08.001

Machado NN, Wilhelm SM. Parathyroid Cancer: A Review. Cancers (Basel)
(2019) 11:1676. doi: 10.3390/cancers11111676

Hu WW, Zhang Z, He JW, Fu WZ, Wang C, Zhang H, et al. Establishing reference
intervals for bone turnover markers in the healthy shanghai population and the
relationship with bone mineral density in postmenopausal women. Int ]
Endocrinol (2013) 2013:513925. doi: 10.1155/2013/513925

Lo CY, Chan WF, Kung AW, Lam KY, Tam SC, Lam KS. Surgical treatment for
primary hyperparathyroidism in Hong Kong: changes in clinical pattern over 3
decades. Arch Surg (2004) 139:77-82; discussion 82. doi: 10.1001/archsurg.139.1.77
Insogna KL. Primary Hyperparathyroidism. N Engl ] Med (2018) 379:1050-9.
doi: 10.1056/NEJMcp1714213

Zanocco KA, Yeh MW. Primary Hyperparathyroidism: Effects on Bone
Health. Endocrinol Metab Clin North Am (2017) 46:87-104. doi: 10.1016/
j.ecl.2016.09.012

Silverberg SJ, Clarke BL, Peacock M, Bandeira F, Boutroy S, Cusano NE, et al.
Current issues in the presentation of asymptomatic primary
hyperparathyroidism: proceedings of the Fourth International Workshop.
J Clin Endocrinol Metab (2014) 99:3580-94. doi: 10.1210/jc.2014-1415
Silverberg SJ. Vitamin D deficiency and primary hyperparathyroidism. J Bone
Mineral Res (2007) 22 Suppl 2:V100-104. doi: 10.1359/jbmr.075202

Boudou P, Ibrahim F, Cormier C, Sarfati E, Souberbielle JC. A very high
incidence of low 25 hydroxy-vitamin D serum concentration in a French

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

population of patients with primary hyperparathyroidism. ] Endocrinol Invest
(2006) 29:511-5. doi: 10.1007/bf03344140

Moosgaard B, Vestergaard P, Heickendorff L, Melsen F, Christiansen P,
Mosekilde L. Vitamin D status, seasonal variations, parathyroid adenoma
weight and bone mineral density in primary hyperparathyroidism. Clin
Endocrinol (2005) 63:506-13. doi: 10.1111/.1365-2265.2005.02371.x
Charoenngam N, Shirvani A, Holick MF. Vitamin D for skeletal and non-
skeletal health: What we should know. J Clin Orthop Trauma (2019) 10:1082—
93. doi: 10.1016/j.jcot.2019.07.004

Walker MD, Cong E, Lee JA, Kepley A, Zhang C, McMahon DJ, et al. Vitamin
D in Primary Hyperparathyroidism: Effects on Clinical, Biochemical, and
Densitometric Presentation. J Clin Endocrinol Metab (2015) 100:3443-51.
doi: 10.1210/jc.2015-2022

Marcocci C, Bollerslev ], Khan AA, Shoback DM. Medical management of primary
hyperparathyroidism: proceedings of the fourth International Workshop on the
Management of Asymptomatic Primary Hyperparathyroidism. J Clin Endocrinol
Metab (2014) 99:3607-18. doi: 10.1210/jc.2014-1417

Sitges-Serra A, Garcia L, Prieto R, Pena MJ, Nogues X, Sancho JJ. Effect of
parathyroidectomy for primary hyperparathyroidism on bone mineral density
in postmenopausal women. Br J Surg (2010) 97:1013-9. doi: 10.1002/bjs.7044
Rubin MR, Bilezikian JP, McMahon DJ, Jacobs T, Shane E, Siris E, et al. The natural
history of primary hyperparathyroidism with or without parathyroid surgery after
15 years. ] Clin Endocrinol Metab (2008) 93:3462-70. doi: 10.1210/jc.2007-1215
Sharma J, Itum DS, Moss L, Li C, Weber C. Predictors of bone mineral density
improvement in patients undergoing parathyroidectomy for primary
hyperparathyroidism. World J Surg (2014) 38:1268-73. doi: 10.1007/s00268-
014-2555-6

Beringer TR. Mortality and morbidity after hip fractures. BMJ (1994) 308:343.
doi: 10.1136/bmj.308.6924.343b

Mittendorf EA, McHenry CR. Parathyroid carcinoma. J Surg Oncol (2005)
89:136-42. doi: 10.1002/js0.20182

Cetani F, Pardi E, Marcocci C. Parathyroid Carcinoma. Front Horm Res
(2019) 51:63-76. doi: 10.1159/000491039

Asare EA, Sturgeon C, Winchester DJ, Liu L, Palis B, Perrier ND, et al.
Parathyroid Carcinoma: An Update on Treatment Outcomes and Prognostic
Factors from the National Cancer Data Base (NCDB). Ann Surg Oncol (2015)
22:3990-5. doi: 10.1245/s10434-015-4672-3

Cakir B, Polat SB, Kilic M, Ozdemir D, Aydin C, Sungu N, et al. Evaluation of
preoperative ultrasonographic and biochemical features of patients with
aggressive parathyroid disease: is there a reliable predictive marker? Arch
Endocrinol Metab (2016) 60:537-44. doi: 10.1590/2359-3997000000224

Bae JH, Choi HJ, Lee Y, Moon MK, Park YJ, Shin CS, et al. Preoperative
predictive factors for parathyroid carcinoma in patients with primary
hyperparathyroidism. J Korean Med Sci (2012) 27:890-5. doi: 10.3346/
jkms.2012.27.8.890

Liu R, Xia Y, Chen C, Ye T, Huang X, Ma L, et al. Ultrasound combined with
biochemical parameters can predict parathyroid carcinoma in patients with
primary hyperparathyroidism. Endocrine (2019) 66:673-81. doi: 10.1007/
512020-019-02069-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Lin, Fan, Zhang and Yue. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

February 2021 | Volume 12 | Article 602221


https://doi.org/10.1007/s00774-017-0833-8
https://doi.org/10.1155/2012/952426
https://doi.org/10.1007/s00774-018-0922-3
https://doi.org/10.1016/s0140-6736(17)31430-7
https://doi.org/10.1016/j.ctrv.2020.102012
https://doi.org/10.1210/jc.2012-2914
https://doi.org/10.1007/s00198-017-4322-7
https://doi.org/10.3881/j.issn.1000-503X.2011.03.023
https://doi.org/10.1111/cen.13055
https://doi.org/10.1001/jamasurg.2016.2310
https://doi.org/10.1016/j.lungcan.2011.08.001
https://doi.org/10.3390/cancers11111676
https://doi.org/10.1155/2013/513925
https://doi.org/10.1001/archsurg.139.1.77
https://doi.org/10.1056/NEJMcp1714213
https://doi.org/10.1016/j.ecl.2016.09.012
https://doi.org/10.1016/j.ecl.2016.09.012
https://doi.org/10.1210/jc.2014-1415
https://doi.org/10.1359/jbmr.07s202
https://doi.org/10.1007/bf03344140
https://doi.org/10.1111/j.1365-2265.2005.02371.x
https://doi.org/10.1016/j.jcot.2019.07.004
https://doi.org/10.1210/jc.2015-2022
https://doi.org/10.1210/jc.2014-1417
https://doi.org/10.1002/bjs.7044
https://doi.org/10.1210/jc.2007-1215
https://doi.org/10.1007/s00268-014-2555-6
https://doi.org/10.1007/s00268-014-2555-6
https://doi.org/10.1136/bmj.308.6924.343b
https://doi.org/10.1002/jso.20182
https://doi.org/10.1159/000491039
https://doi.org/10.1245/s10434-015-4672-3
https://doi.org/10.1590/2359-3997000000224
https://doi.org/10.3346/jkms.2012.27.8.890
https://doi.org/10.3346/jkms.2012.27.8.890
https://doi.org/10.1007/s12020-019-02069-7
https://doi.org/10.1007/s12020-019-02069-7
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Clinical Characteristics of Primary Hyperparathyroidism: 15-Year Experience of 457 Patients in a Single Center in China
	Introduction
	Subjects and Methods
	Subjects
	Clinical Features
	Laboratory Tests
	BMD Measurements
	Statistical Analyses

	Results
	Demographics and General Characteristics of Patients with PHPT
	Clinical and Biochemical Features of PHPT
	Postoperative Follow-Up Findings
	Comparison of Patients with Parathyroid Adenoma, Hyperplasia, and Carcinoma

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	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 true
  /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 true
  /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 true
  /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


