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Background. Popularization of cervical ultrasound led to higher detection of papillary thyroid carcinoma (PTC) and primary
hyperparathyroidism (PHPT), as well as increasing percentage of asymptomatic PHPT in China. Although the coexistence of PTC
and PHPT has been reported, it is unknown whether the clinicopathological features of PTC differ between asymptomatic and
symptomatic PHPT patients. Methods. We retrospectively reviewed the medical records of 304 PHPT patients treated in our
hospital between January 2009 and July 2020, including 217 females and 87 males with the average age of 53.27± 13.54 years. Of
the 304 patients, 181 were symptomatic PHPT patients and 123 were asymptomatic PHPT patients. We analyzed the laboratory
results, postoperative pathology, and the TNM stage of PTC between asymptomatic and symptomatic PHPT patients. Results.
Concurrent thyroid nodules were found in 61.51% of PHPT patients, and the prevalence of PTC in thyroidectomized PHPT
patients was 29.89% in our cohort. Lower serum parathyroid hormone (PTH) (p< 0.05) and calcium (p< 0.05) were found in
PHPT patients with PTC compared to patients with benign thyroid lesion. Compared with the symptomatic PHPT patients, the
asymptomatic PHPTpatients showed lower serum calcium (p< 0.05), serum chlorine (p< 0.05), alkaline phosphatase (p< 0.05),
PTH (p< 0.05), and bone turnover markers (p< 0.05) but higher prevalence of thyroid nodules (70.73% versus 55.24%, p< 0.05)
and PTC (15.44% versus 3.87%, p< 0.05). All the PTC in symptomatic PHPTpatients were papillary microcarcinoma limited to
the thyroid, while 68.42% and 15.78% of the PTC in asymptomatic PHPTpatients showed microscopic extrathyroidal extension
and lymph node metastases, respectively. Moreover, 36.84% (7/19) of the PTC patients in asymptomatic group showed mul-
tifocality, which was much higher than 14.29% (1/7) in the symptomatic group; however, no statistical significance was found
(p � 0.24). Conclusions. +e concomitant PTC in asymptomatic PHPT patients showed a higher rate of microscopic extra-
thyroidal invasion when compared to symptomatic PHPT patients. So the FNA is essential to the asymptomatic PHPT patients
with suspicious thyroid nodules and once the PTC is confirmed, concurrent parathyroidectomy should be performed with
thyroidectomy in asymptomatic PHPT patients.

1. Introduction

Primary hyperparathyroidism (PHPT) is the third most
common endocrine and metabolic disease with an incidence
of 3/1000 [1]. Due to the popularization of serum calcium
measurements and neck ultrasound, the clinical spectrum of
PHPT in China has been changing from predominance of

symptomatic PHPT to asymptomatic PHPT [2, 3]. Likewise,
the rapid increase of thyroid carcinoma is also closely related
to the higher availability of cervical ultrasound. Among the
histological types, papillary thyroid carcinoma (PTC) is the
most common one, accounting for 95.1%–96.1% of all
thyroid malignancies [4, 5]. Previous studies proved that the
cancer behaviour was various in different population. For
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example, a higher rate of central lymph node metastasis was
observed in PTC patients with positive HBsAg [6], and
higher invasive ability and multifocality of PTC were found
in the PHPT patients [7]. However, it remains unclear
whether there are differences in the incidence, the tumor
size, and the invasive ability of PTC between asymptomatic
and symptomatic PHPT patients. In this study, we inves-
tigated the differences in the clinicopathological charac-
teristics of PTC between asymptomatic and symptomatic
PHPT patients.

2. Patients and Methods

We retrospectively reviewed medical records of the PHPT
patients admitted to our hospital between January 2009 and
July 2020. +e data from the electronic health records was
abstracted including the present histories, family histories,
laboratory results, imaging examinations, and the patho-
logical examinations. No informed consent was required
from the patients for the present study because we only
retrospectively accessed a deidentified database for analysis
purposes. +is study was approved by the Clinical Research
Ethics Committee of Qilu Hospital, Shandong University.

+e diagnosis of PHPT was established by the presence
of hypercalcemia and concomitant aberrantly elevated se-
rum parathyroid hormone (PTH) level or inappropriately
normal PTH level; to be specific, the PTH was higher than
20 pg/ml when the serum calcium was above 2.6mmol/l [8].
+e diagnosis of asymptomatic PHPT was based on the
absence of typical symptoms or signs related to hypercal-
cemia and diagnosed accidentally by the serum calcium
examination or neck ultrasound. +e symptomatic PHPT
patients were admitted mainly for parathyroidectomy and
treatment of hypercalcemia. +e asymptomatic PHPT pa-
tients in our study were hospitalized in the following situ-
ation: (1) the patients who met the criteria of
parathyroidectomy (N� 105), (2) patients with a history of
asymptomatic PHPT who were hospitalized because of
concomitant diseases (N� 2), and (3) newly diagnosed
asymptomatic PHPT patients by calcium examination
during the routine inpatient examination when admitted for
concomitant diseases (N� 16). +e concomitant diseases
included diabetes mellitus (N� 6), hypertension (N� 4),
leukemia (N� 1), gastric cancer (N� 2), ischemic stroke
(N� 2), infection (N� 2), and nephrotic syndrome (N� 1).
Patients with secondary or tertiary hyperparathyroidism or
multiple endocrine neoplasia were excluded.

+e laboratory results included serum calcium (reference
range, 2.00–2.60mmol/L), phosphate (0.60–1.60mmol/L),
magnesium (0.65–1.1mmol/L), potassium (3.25–5.3mmol/L),
sodium (137–147mmol/L), chlorine (99–110mmol/L), alka-
line phosphatase (ALP) (50–135U/L), albumin (40–55 g/L),
PTH (15–65pg/mL; RocheDiagnostics GmbH, Germany), 25-
hydroxyvitamin D (25 (OH)D) (≥30ng/mL; Roche Diag-
nostics GmbH, Germany), N-bone Gla-protein (N-BGP)
(premenopausal: 14–43ng/mL, postmenopausal: 15–46ng/mL;
Roche Diagnostics GmbH, Germany), β-isomerized C-ter-
minal telopeptides (β-CTx) (premenopausal: ≤0.57ng/mL,
postmenopausal: ≤1.008ng/mL; Roche Diagnostics GmbH,

Germany), and total procollagen type 1 amino-terminal pro-
peptide (TP1NP) (premenopausal: 15.13–58.59ng/mL, post-
menopausal: 20.25–76.31ng/mL; Roche Diagnostics GmbH,
Germany). +e albumin-corrected serum calcium levels
(mmol/L) were calculated using the following formula: serum
calcium concentration�measured serum calcium (mmol/
L) + (40− serum albumin (g/L))× 0.02.

+e thyroid nodule was confirmed by ultrasound ex-
amination, and the +yroid Imaging Reporting and Data
System (TIRADS) was used to evaluate the malignant risk of
thyroid nodules [9]. Fine needle aspiration (FNA) has been
carried out in our hospital since July 2016. Nodules with the
highly suspicious pattern underwent diagnostic FNA when
its diameter was bigger than 1 cm and cytology was used to
refute or confirm malignancy. +e thyroid pathological
entities, including nodular goiter, carcinoma, lymphocytic
thyroiditis, and thyroid adenoma, were confirmed by
pathohistological examination after surgery; and the path-
ological characteristics of thyroid carcinoma including the
multifocality, microscopic extrathyroidal invasion, and
lymph node metastases were confirmed by the same expe-
rienced pathologist.

All statistical analyses were performed using SPSS ver-
sion 24.0 (SPSS, Chicago, IL, USA). +e normality of the
data distribution was assessed by the Kolmogorov–Smirnov
test. Continuous data are expressed as mean± standard
deviation (SD) and were analyzed by independent sample t-
test. Nonnormally distributed data are expressed by median
(min–max) and were analyzed by theMann–WhitneyU test.
Categorical variables are presented as numbers (n) with
percentages (%) and were analyzed by chi-square test.
Probabilities below 0.05 were accepted as significant.

3. Results

Between January 2009 and July 2020, 304 patients were
diagnosed with PHPT in our hospital including 217 female
and 87 male patients. Of the 304 patients, 123 were
asymptomatic PHPT patients and 181 were symptomatic
PHPT patients. Among the asymptomatic PHPT patients,
65.85% were initially identified by the parathyroid nodules
incidentally discovered by neck ultrasound, while 34.15%
were identified by increased serum calcium level. Great
differences were found between asymptomatic and symp-
tomatic PHPTpatients in most of the laboratory parameters
(Table 1). Specifically, the asymptomatic PHPT patients
showed significantly lower serum calcium, serum chlorine,
ALP, PTH, and bone turnover markers (p< 0.05), as well as
higher serum phosphate, magnesium, potassium, and serum
25 (OH)D level when compared with symptomatic PHPT
patients (p< 0.05).

Concurrent thyroid nodules were found in 187 patients
(61.51%) during ultrasound examination: 87 asymptomatic
PHPT cases and 100 symptomatic PHPT cases. +e preva-
lence of thyroid nodules was higher in the asymptomatic
PHPT patients than in the symptomatic PHPT patients
(70.73% versus 55.24%, p< 0.05).

A total of 276 PHPT patients underwent parathyroid-
ectomy, including 168 symptomatic PHPT patients and 108
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asymptomatic PHPTpatients who met the surgery criteria of
the guidelines. 87 of the 276 patients underwent simulta-
neous thyroid and parathyroid surgery: 49 asymptomatic
PHPT cases and 38 symptomatic PHPT cases. Simultaneous
thyroid and parathyroid surgery was conducted in the
following situation: (1) PTC was confirmed by preoperative
FNA (N= 7); (2) for the sonographically suspicious thyroid
nodules which were not suitable for FNA, the necessity of
thyroidectomy was carefully evaluated by experienced sur-
geons based on the sonographic pattern and clinical man-
ifestations (N= 71); (3) the enlarged thyroid gland
compressed the trachea (N= 8); and (4) potential malig-
nancy of thyroid was found by the surgeon intraoperatively
(e.g., abnormal texture of thyroid tissue, N= 1). +e post-
operative histopathology assessment showed nodular goiter
in 54 cases, PTC in 26 cases, lymphocytic thyroiditis in 3
cases, and thyroid adenoma in 4 cases; and, for the
remaining 100 patients, no FNA biopsy or thyroid surgery
was performed due to the limited diameter without high
suspicion.

A total of 26 PHPTpatients were diagnosed with PTC:
19 asymptomatic PHPT patients and 7 symptomatic
PHPT patients. For the 14 asymptomatic PHPT patients
who were identified by the parathyroid nodules, the po-
tential malignant thyroid nodules were found at the same
time by ultrasound examination; and, for the other 5
asymptomatic PHPT patients who were identified by se-
rum calcium examination and 7 symptomatic PHPT pa-
tients, the potential malignant thyroid nodules were
detected during the preoperative examination of PHPT.
FNA was performed in 7 patients and PTC was confirmed
before surgery. For the remaining 19 patients, FNA was
not performed due to the limited tumor diameter or
admission before July 2016. None of the patients had a
history of head or neck radiotherapy. Compared with the
PHPT patients with benign thyroid lesion, lower levels of
PTH and serum calcium were found in the PHPTpatients
with PTC (p< 0.05). No statistically significant differences
were found in the serum phosphate, magnesium,

potassium, sodium, chlorine, ALP, and 25 (OH)D results
(p> 0.05) (Table 2).

Comparison of asymptomatic and symptomatic PHPT
patients showed remarkable differences in clinicopatho-
logical characteristics of PTC. In particular, PTC was found
in 15.44% of the asymptomatic PHPT patients, which was
much higher than the percentage in symptomatic PHPT
patients (3.87%, p< 0.05). All cases of PTC among symp-
tomatic PHPTpatients were classic PTC, while 10.53% of the
PTC cases in asymptomatic PHPT patients were tall cells
variant. All the tumors in symptomatic PHPT patients were
of the micropapillary type and limited to the thyroid, while
68.42% of PTC cases in asymptomatic patients showed
microscopic extrathyroidal extension. Metastases to lymph
nodes in the cervical central area were only observed in
asymptomatic PHPTpatients too. Multifocality was another
feature of the PTC in asymptomatic PHPTpatients. Namely,
seven patients (36.84%) with asymptomatic PHPT showed
more than one focus, whereas only one patient (14.29%) was
found among symptomatic PHPT group (Table 3).

4. Discussion

+yroid nodule is a common disease which is often con-
comitant with PHPT, partly due to the accidental finding in
the routine cervical ultrasound examination. According to
the former studies, 50–73.3% of PHPT patients had con-
comitant thyroid nodules, which was consistent with our
finding (61.51%) [10, 11]. +e relationship between thyroid
nodules and asymptomatic PHPT seems even closer.
Asymptomatic PHPT was more common in the patients
with a history of thyroid abnormalities than in symptomatic
PHPT [12]. In the present study, we found that the prev-
alence of thyroid nodules was higher in the asymptomatic
patients than in symptomatic patients, partly caused by the
fact that 65.85% of the asymptomatic PHPT patients in this
cohort were identified through ultrasound examination,
which would facilitate the discovery of both thyroid nodules
and enlarged parathyroid. Moreover, the higher PTC

Table 1: Comparison of clinical feature and laboratory values between asymptomatic PHPT patients and symptomatic PHPT patients.

Total PHPT (N� 304) Asymptomatic PHPT (N� 123) Symptomatic PHPT (N� 181) p value
Age 53.27± 13.54 53.68± 12.53 53.00± 14.62 0.67
Female/male ratio 2.49 :1 3.24 :1 2.12 :1 0.12
Calcium (mmol/L) 2.93 (2.62–4.97) 2.77 (2.62–3.46) 3.12 (2.66–4.97) <0.001
Albumin-corrected calcium (mmol/L) 2.87 (2.51–5.04) 2.68 (2.51–3.81) 3.11 (2.56–5.04) <0.001
Phosphate (mmol/L) 0.75± 0.21 0.83± 0.16 0.69± 0.22 <0.001
Magnesium (mmol/L) 0.88 (0.4–1.11) 0.92 (0.7–1.06) 0.84 (0.4–1.11) <0.001
Potassium (mmol/L) 4.18 (2.6–5.44) 4.22 (3.21–5.44) 4.13 (2.6–5.27) <0.001
Sodium, mmol/L) 141 (131–151) 141 (135–147) 141 (131–151) 0.93
Chlorine (mmol/L) 107 (94–119) 107 (96–116) 108 (94–119) 0.02
ALP (U/L) 125 (41–2644) 101 (44–405) 152 (41–2644) <0.001
PTH (pg/mL) 303.95 (30.63–4595) 170.10 (30.63–1666) 552.5 (34.54–4595) <0.001
25 (OH)D (ng/mL) 11.35 (3–32.34) 14.20 (3–32.34) 9.30 (3–27.75) 0.02
N-BGP (ng/mL) 61.10 (14.21–300) 37.76 (14.21–188.30) 92.76 (19.3–300) <0.001
β-CTx (ng/mL) 1.18 (0.19–6.00) 0.90 (0.29–3.61) 1.48 (0.19–6.00) <0.001
TP1NP (ng/mL) 108.40 (9.55–1200) 80.98 (23.13–154.80) 125.85 (9.55–1200) <0.001
PHPT, primary hyperparathyroidism; ALP, alkaline phosphatase; PTH, parathyroid hormone; 25 (OH)D, 25-hydroxyvitamin D; N-BGP, N-bone Gla-
protein; β-CTx, β-isomerized C-terminal telopeptides; TP1NP, total procollagen type 1 amino-terminal propeptide.
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prevalence in the asymptomatic PHPT patients in this in-
patient cohort might be also caused by the selection bias,
since patients with potential malignant thyroid lesions had
higher possibility of hospitalization.

PTC is the most common type of the malignant thyroid
lesions synchronous with PHPT [13–15]. Ogburn and Black
were the first to report the concomitant PTC in PHPT
patients in 1956 [16]. +us far, more than 500 cases of
concomitant PTC in PHPTpatients have been reported. +e
prevalence of PTC in PHPT patients varies from 0.9% to
18.2% due to different variables including country, race, and
age [15, 17]. +e incidence of PTC in Chinese PHPTpatients
is still unclear. In 2007, Zheng et al. were the first to report 1
case of PTC among 22 PHPTpatients who had synchronous
thyroid and parathyroid surgery [18]. Xue et al. found 12
PTC cases among 155 surgically treated PHPT patients in
2016 [19]. More recently, Yu et al. have reported that the
prevalence of PTC in thyroidectomized PHPT patients was
43.14% (22/51) in 2019. To our knowledge, our study is the
largest cohort reporting features of PTC in PHPTpatients in
China with 26 PTC cases in 304 PHPT patients.

Despite the high incidence of PTC in PHPTpatients, the
association between sporadic PHPT and PTC is still con-
troversial. Previous studies demonstrated that most of the
PTC foci in PHPT patients were papillary microcarcinoma
(PMC), which was consistent with our finding [15, 20].
When compared with patients of PTC alone, the concom-
itant PTC in PHPT patients showed significantly smaller

tumor diameters, leading some researchers to believe that
the PTC was overdiagnosed in PHPT patients [7, 21].
Preoperative imaging for diagnosis and localization of
parathyroid adenomas greatly increased the detection of
these indolent tumors coexisting with PHPT [22]. However,
some recent studies showed a higher invasive ability of PTC
in PHPT patients, indicating the promoting effect of PHPT
in PTC development [7, 23–26]. In our study, a great dif-
ference in the invasive ability was found between the
asymptomatic and symptomatic PHPT patients. In symp-
tomatic PHPT patients, all PTC cases were PMC limited in
the thyroid. However, among the concomitant PTC in
asymptomatic PHPT patients, 68.42% of the lesions showed
microscopic extraglandular invasion, which was much
higher than that in the symptomatic PHPTgroup and that in
the general population [27]. So the PTC in symptomatic
PHPT patients might be overdiagnosed; however, in
asymptomatic PHPT patients, a higher invasive ability was
observed in the concomitant PTC.

According to previous studies, the potential mechanisms
for high incidence of PTC in PHPTpatients included shared
embryological origin and genes and high level of PTH and
1,25-hydroxy vitamin D, as well as hypercalcemia [26, 28].
On the one hand, a high level of PTH and 1,25-hydroxy
vitamin D could produce an inhibitory effect on various
parameters of the immune system and favor cancerogenesis
[29–31]. On the other hand, increased mitotic activity in-
duced by hypercalcemia and elevated concentrations of

Table 2: Comparison of serum laboratory markers between PHPT patients with PTC or benign thyroid lesion.

PHPT with PTC, N� 26 PHPT with benign thyroid lesion, N� 161 p value
Calcium (mmol/L) 2.74 (2.68–4.97) 2.93 (2.62–4.78) 0.02
Phosphate (mmol/L) 0.81± 0.20 0.75± 0.21 0.16
Magnesium (mmol/L) 0.89 (0.56–1.06) 0.89 (0.4–1.11) 0.56
Potassium (mmol/L) 4.19± 0.40 4.16± 0.44 0.74
Sodium (mmol/L) 143 (131–145) 141 (132–151) 0.11
Chlorine (mmol/L) 108.50 (102–114) 107 (96–117) 0.45
ALP (U/L) 108.50 (56–734) 133.50 (44–2540) 0.21
PTH (pg/mL) 160.55 (30.63–3576) 305.80 (65.88–4278) 0.02
25 (OH)D (ng/mL) 12.89± 7.33 10.90± 6.02 0.32
PHPT, primary hyperparathyroidism; PTC, papillary thyroid carcinoma; ALP, alkaline phosphatase; PTH, parathyroid hormone; 25 (OH)D, 25-
hydroxyvitamin D.

Table 3: Pathological characteristics of papillary thyroid carcinoma in asymptomatic PHPT and symptomatic PHPT patients.

Asymptomatic PHPT and PTC
(N� 19)

Symptomatic PHPT and PTC
(N� 7) p value

Number Percent (%) Number Percent (%)
T (tumor) classification
T1a 15 78.95 7 100% 0.19T1b 4 21.05 0 0
N (lymph node) classification
Nx 3 15.79 2 28.57%

0.39N0 13 68.42 5 71.43%
N1 3 15.79 0 0
Mean tumor size, cm 0.64± 0.35 0.60± 0.33 0.74
Multifocality 7 36.84 1 14.28% 0.24
Microscopic extrathyroidal invasion 13 68.42 0 0 <0.001
PHPT, primary hyperparathyroidism; PTC, papillary thyroid carcinoma.
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angiogenic growth factors and fibroblast growth factor in-
duced by PTH could stimulate tumor growth [32–34]. +ese
reasons could explain the higher incidence of PTC in PHPT
patients than in general population [22]; however, they were
inadequate to explain the stronger invasive ability of PTC in
asymptomatic PHPT patients whose serum calcium and
PTH were lower as we observed; and, for the 1,25-hydroxy
vitamin D, although we could not test it in our hospital,
previous study showed that the 1,25-hydroxy vitamin D level
was lower in asymptomatic PHPT patients when compared
to symptomatic PHPT patients [35]. Moreover, both pre-
vious studies and the present study showed a lower PTH and
serum calcium level in the PHPTpatients with concomitant
PTC when compared with PHPT patients with benign
thyroid lesion [19, 36]. We therefore hypothesized that el-
evated PTH and calcium could promote the development of
PTC; however, this effect may not be dose-dependent.

Asymptomatic PHPT is a milder presentation of PHPT.
Due to the absence of typical symptoms, it is difficult to
determine the duration of the disease. Previous studies
found that, without intervention, 73% and 63% of asymp-
tomatic PHPT patients remained stable without any new
complications during a follow-up of 10 years and 15 years,
respectively [37, 38]. In this context, asymptomatic PHPT
patients might suffer from the slightly elevated serum cal-
cium and PTH level for a long time until diagnosis by an
accidental calcium examination or neck ultrasound, espe-
cially in developing countries where blood calcium and
ultrasound are not yet routinely carried out. Neck ultra-
sound has been carried out during annual physical exami-
nation in our hospital only in the recent five years, and blood
calcium screening was only routinely carried out in the
hospitalized patients, so the disease duration of asymp-
tomatic PHPT in our cohort might be even longer. +ere-
fore, we assumed that the duration, rather than the degree of
the elevated serum calcium and PTH, was the potential risk
factor for PTC in PHPT patients.

Surgery is the only potential curative option for patients
with PHPT. Despite meeting biochemical criteria for PHPT
diagnosis, asymptomatic PHPT patients often do not meet
criteria for surgery recommended by guidelines of asymp-
tomatic PHPT [39]. However, according to the American
Association of Endocrine Surgeons guidelines, thyroid re-
section should be performed at the same time of parathy-
roidectomy in PHPT patients with concomitant thyroid
disease that required resection [40]. +e higher rate of
microscopic extrathyroidal invasion of PTC we found in
asymptomatic PHPTpatients provided new support data for
this recommendation. Moreover, the concomitant thyroid
disease laid great influence on the surgical approach of the
PHPT patients and concurrent thyroidectomy, and para-
thyroidectomy would cause longer surgical time and length
of stay in hospital [41]. FNA is the most accurate and cost-
effective method for evaluating thyroid nodules [42], so it is
of great importance to confirm thyroid malignancy by FNA
before the parathyroidectomy. +is study had certain lim-
itations. First, our results are observational. We found a
higher rate of microscopic extrathyroidal invasion of PTC in
asymptomatic PHPT patients; however, the underlying

mechanism of such invasiveness was still unclear and further
studies are needed. Also, we performed a retrospective
single-institution study and all the patients in the cohort
were hospitalized. Although we included both surgical and
nonsurgical patients, the number of asymptomatic PHPT
patients might still be underestimated, which would lead to
biased representation of the prevalence of both PTC and
thyroid nodules in asymptomatic PHPT. +erefore, multi-
center studies including clinic and community populations
are needed. Furthermore, most of the thyroid nodules
graded TIRADS 1–3 were not surgically treated, since
previous studies proved that the malignancy rate was only
2–4% in these nodules [9]. However, it cannot rule out the
existence of potential thyroid carcinoma, and long-term
follow-up of these patients is needed.

5. Conclusions

In this largest cohort of Chinese patients with coexisting
PTC and PHPT, we found that the prevalence of PTC in
thyroidectomized PHPT patients was 29.89%. We demon-
strated differences in pathological features of PTC between
asymptomatic and symptomatic PHPT patients for the first
time. Although asymptomatic PHPTpatients showed milder
laboratory abnormalities, a higher rate of microscopic
extrathyroidal invasion in the concomitant PTC was ob-
served. So we suggested that FNA should be performed in
the asymptomatic PHPT patients with suspicious thyroid
nodules; also the concurrent thyroidectomy and parathy-
roidectomy were necessary when the diagnosis of PTC was
confirmed.
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