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In the 1970s, with the advent of biochemical multichannel screening in the United States and other western 
countries, the clinical presentation of primary hyperparathyroidism (PHPT) changed from a symptomatic to 
an asymptomatic disorder. However, in Asian countries, like China, PHPT did not show this evolution, but 
rather continued to be a symptomatic disease with target organ involvement. In this paper, we revisit the 
clinical features of PHPT in New York and Shanghai, representative United States and Chinese cites, over the 
past decade. The questions we address are whether the disease evolved in China to a more asymptomatic one 
and, whether in the United States further changes are evident. The results indicate that while PHPT con- 
tinues to present primarily as an asymptomatic disease in the United States, a new phenotype characterized 
by normal serum calcium and high parathyroid hormone levels, normocalcemic PHPT, has emerged. Data 
from Shanghai demonstrates a trend for PHPT to present more commonly as an asymptomatic disorder in 
China. However, most patients with PHPT in China still manifest classical symptoms, i.e. nephrolithiasis and 
fractures. A comparison of the two cohorts shows that Chinese patients with PHPT are younger, with higher 
serum calcium and PTH levels, and lower 25-hydroxyvitamin D levels than patients in New York. 
Normocalcemic PHPT has not yet been recognized in Shanghai. In summary, although the phenotypes of 
PHPT in both cities are evolving towards less evident disease, sharp clinical and biochemical differences are 
still apparent in PHPT as expressed in China and the United States. 
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Introduction 
 

In countries that began to utilize the multichannel bio- 
chemical screening test in the 1970s, the presentation of 
primary hyperparathyroidism (PHPT) changed from a 
disease that was classically symptomatic with “stones, 
bones, moans and groans” to a contemporary asympto- 
matic disorder (

 

1). While this clinical evolution was 
apparent in the United States and other Western 
countries, in Asian countries, such as India and China, 
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PHPT continued to be seen as a symptomatic disorder 
with severe biochemical and target organ manifesta- 
tions (2). More than a decade ago, this difference 
between the clinical presentations of PHPT patients in 
western and Asian countries was confirmed by a 
comparison between New York City, USA and Beijing, 
China (3). In that “Tale of Two Cities”, patients with PHPT 
in Beijing were shown to have higher serum calcium 
(12.4±1.1 vs. 10.7±10.7 mg·dL-1), and PTH concentrations 
(21.4 vs. 1.86 fold above normal) as compared with their 
American counterparts from 1984-1999. Strikingly, 97% of 
the Beijing patients suffered from skeletal lesions (osteitis 
fibrosa cystica, osteoporosis, pathological fractures), 
kidney stones and other features of PHPT, while less than 
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20% of New York patients were symptomatically involved 
(3). The disease pattern in Beijing, China reflected the 
experience in the United States prior to the advent of 
the multichannel autoanalyzer.  

In this paper, we review the more recent experience in 
two cities, Shanghai and New York, with the central 
question: has the clinical expression of PHPT changed in 
these countries over the past 10 years? 
 
Methods 
 
The cohort from Shanghai has recently been reported 
(4). These subjects form the basis for the description of 
the more recent experience in China. In the United 
States, an ongoing new cohort of subjects since  2010 
form the basis of the New York experience, along with a 
published experience of subjects who present with 
normocalcemic PHPT (5-6). As opposed to asympto- 
matic cases, symptomatic PHPT refers to symptoms 
related with hypercalcemia, such as skeletal and renal 
diseases, neuromuscular, gastrointestinal, articular, 
hematologic, cardiovascular and central nervous sys- 
tem manifestations. 
 
Statistical analyses 
All statistical analyses were performed using SPSS 
(version 13.0; SPSS Inc, Chicago, Illinois). The data are 
expressed as means±SD, except for data that did not 
have a normal distribution, which are expressed as 
median (range). Variables were tested for normality 
using the Kolmogorov-Smirnov Z statistic. Between-group 
differences were analyzed with an independent 
samples t test and a 1-way ANOVA. 
 
Results 
 
The New York Experience, 2010-2013 
In the United States, asymptomatic PHPT still predomin- 
ates with over 80% in this category. However, over the 
past 10 years, another group of individuals with PHPT has 
surfaced in which the serum total and ionized calcium 
are normal and the PTH level is elevated (5). They have 
no evidence for secondary causes of hyperparathyroi- 
dism, such as vitamin D deficiency, renal, liver, or 
gastrointestinal disease. The New York experience was 
gleaned from a referral population in which subjects 
were evaluated for low bone density. In the course of 
that evaluation, the elevated PTH level was discovered, 
even though the serum calcium was normal. It was 
hypothesized that these patients represent the earliest 
manifestations of the disease, a “forme fruste” of PHPT 
(5), in keeping with the proposal of Parfitt, Kleerekoper 

and Rao (7). However, about 75% of these individuals 
with normocalcemic PHPT have low bone mass. Only 
10% of subjects in the New York cohort were truly 
asymptomatic. It was further demonstrated that 40% of 
these individuals developed more clinical features and 
complications related with PHPT, such as hypercalcemia, 
marked hypercalciuria, and greater bone loss, over a 
median 3-year follow-up (6). 

The observation that normocalcemic PHPT is being 
discovered in the context of a referral population and 
that these individuals already demonstrate clinical 
features of the disease raises the possibility that there is 
another set of individuals with normocalcemic PHPT 
whose skeletal involvement is much less evident. Screen- 
ing a large epidemiological database of unselected 
individuals is likely to reveal yet another cohort of 
subjects with normocalcemic PHPT. They would be the 
counterpart of subjects with asymptomatic PHPT with 
hypercalcemia. This putative cohort would be described 
as asymptomatic normocalcemic PHPT. The Columbia 
group has recently shown that such individuals can be 
identified using data from The Osteoporotic Fractures in 
Men (MrOS) Study and the Dallas Heart Study (8).  

In 2008, normocalcemic PHPT was formally recognized 
as a specific clinical form of PHPT at the Third Interna- 
tional Workshop on the Management of Asymptomatic 
PHPT (9-10). It was not clear, at that time, whether the 
guidelines established for the management of the 
hypercalcemic form of PHPT would apply to the normo- 
calcemic variant. From a diagnostic point of view, these 
patients are to be distinguished from hypercalcemic 
individuals whose serum calcium may occasionally be 
measured within normal limits. In normocalcemic PHPT, 
the serum calcium during a standard monitoring period 
is always normal. It is necessary to exclude secondary 
causes for an elevated PTH. The serum 25-hydroxyvitamin 
D level should be greater than 30 ng·mL-1 (75 nmmol·L-1) 
and renal function by estimated glomerular filtration rate 
should be higher than 60 mL·min-1. Other causes of 
secondary hyperparathyroidism should be evaluated for 
and excluded, such as liver disease, malabsorption, 
hypercalciuria, and use of thiazide diuretics or lithium 
(11).  

Although normocalcemic PHPT represents only a small 
percentage of subjects (<10%) in the New York cohort, it 
has become evident not only in the United States, but 
also in Brazil and European countries (11-12). However, 
no data are available from China and other Asian 
countries.  

With the exception of the emergence of normocal- 
cemic PHPT in the United States, the clinical phenotype 
of PHPT has not changed substantially over the past 20 
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years. The serum calcium and PTH levels are similar to 
average values 20 years ago. It is noteworthy, however, 
that mean 25-hydroxyvitamin D levels are much higher 
than they used to be. The average 25-hydroxyvitamin D 
level is now 36.7±16 ng·mL-1, as compared to 21±1 ng·mL-1 

in the cohort described from 1984-1999. Renal stone 
disease is seen to the same extent. A comparison of the 
breakdown of subjects with PHPT in the United States 
from 1984-1999 to 2010-2013 is shown in Figure 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Symptomatic and asymptomatic primary hyperparathyroidism in New York City, from 1984-1993 and 2010-2013. Symptomatic PHPT refers to 
symptoms related with hypercalcemia, such as skeletal and renal diseases, neuromuscular, gastrointestinal, articular, hematologic, cardiovascular and 
central nervous system manifestations. With the exception of the emergence of normocalcemic PHPT in the United States, the clinical phenotype of PHPT 
has not changed substantially over the past 20 years. Since the normocalcemic individuals have only recently been systemically identified, the percentage 
noted in this figure is likely to be an underestimate of its true prevalence.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Percentage increase of total, symptomatic, and asymptomatic primary hyperparathyroidism from 2007-2010 compared to 2006 in Chinese 
patients. 



                                  Jian-min Liu et al. 
  

www.boneresearch.org | Bone Research 

165 
 
The Chinese Experience, 2000-2010 and Evolution of 
PHPT in China 
In Shanghai, 249 subjects with PHPT representing a 
majority of provinces (17 of 31) were diagnosed and 
treated from 2000 to 2010 in a single clinical center. A 
clear increase in numbers of subjects diagnosed with 
PHPT became apparent during this period (Figure 2). 
Their characteristics were recently described (4) and are 
summarized in Table 1. When PHPT patients are grouped 
into quartiles based on their serum PTH concentrations, 

calcium, alkaline phosphatase and creatinine increase 
with higher PTH levels, while the serum concentrations of 
albumin and hemoglobin, and bone mineral density at 
the lumbar spine, femoral neck and total hip decrease 
with higher PTH levels.   
  The presentation of PHPT in China appears to have 
changed markedly over the past 10 years. In Beijing, 
virtually all subjects were symptomatic. In Shanghai, 10 
years later, there are many more patients with asympto- 
matic disease (Figure 3). In contrast to the earlier 

 
Table 1 Characteristics of the primary hyperparathyroidism in Chinese patients according to the quartiles of serum PTH level 

Clinical features Quartile 1 (n=62) Quartile 2 (n=63) Quartile 3 (n=62) Quartile 4 (n=62) P value 
Serum PTH/(pg·dL-1) 141.60 (85.16-199.13) 285.20 (200.96-387.19) 601.00 (417.27-1 161.65) 2 058.97 (1 330.15-3 015.72)  
Age/years 54.98 ± 12.48 51.54 ± 15.93 50.07 ± 15.56 48.36 ± 15.90 0.021 
Disease duration/months 8 (0-120) 16 (0-190) 10 (0-150) 12 (0-120) NS 
BMI/(kg·m-2) 23.45 ± 3.18 22.81 ± 2.92 22.06 ± 3.63 21.23 ± 3.02 NS 
Serum calcium/(mmol·L-1) 2.68 ± 0.23 2.88 ± 0.32 3.15 ± 0.48 3.26 ± 0.43 <0.001 
Phosphate/(mmol·L-1) 0.89 ± 0.17 0.78 ± 0.13 0.73 ± 0.20 0.73 ± 0.28 <0.001 
Tumor size/cm 1.76 ± 1.24 2.22 ± 0.84 3.01 ± 1.16 3.08 ± 1.20 <0.001 
Alkaline phosphatase/ 
(U·L-1) 

94.59 ± 62.60 187.49 ± 82.00 222.13 ± 92.77 740.33 ± 123.15 <0.001 

Creatinine/(µmol·L-1) 73.28 ± 19.84 93.38 ± 49.52 102.25 ± 52.56 110.11 ± 57.35 0.001 
25-hydroxyvitamin D/ 
(nmol·L-1) 

39.44 ± 18.81 31.76 ± 10.00 35.53 ± 17.78 34.72 ± 21.57 NS 

Hemoglobin/(g·L-1) 134.00 ± 16.97 125.94 ± 19.40 116.52 ± 19.06 115.41 ± 25.81 <0.001 
Albumin/(g·L-1) 38.09 ± 3.77 38.04 ± 4.13 35.78 ± 5.12 34.50 ± 4.99 <0.001 
L2-4 BMD/(g·cm-2) 0.99 ± 0.22 1.01 ± 0.20 0.91 ± 0.19 0.79 ± 0.20 <0.001 
Femoral Neck BMD/ 
(g·cm-2) 

0.79 ± 0.15 0.76 ± 0.17 0.74 ± 0.11 0.63 ± 0.16 <0.001 

Total Hip BMD/(g·cm-2) 0.85 ± 0.17 0.82 ± 0.18 0.76 ± 0.14 0.63 ± 0.16 <0.001 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Symptomatic and asymptomatic primary hyperparathyroidism in China, represented by Beijing from 1958-1993 and Shanghai from 2001-2010. 
There has been a dramatic increase in the proportion of patients diagnosed with asymptomatic disease. 
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experience in China, when virtually the entire population 
was symptomatic, only 60% of this more recent cohort 
manifests classical symptoms such as polydipsia, poly- 
uria, urolithiasis, bone pain, and fragility fracture. The 
average serum calcium has fallen from 12.4±1.1 to 
11.72±1.4 mg·dL-1 (nl: 8.4-10.2) and the mean PTH has 
fallen from 1391 pg·mL-1 to 402 pg·mL-1 (nl: 10-65). Even 
within the Shanghai experience, the percentage of 
asymptomatic subjects rose from < 20% in the first half of 
the decade reviewed to approximately 40% in the latest 
4-year period. Moreover, individuals who were sympto- 
matic between 2000-2010 demonstrated a more mild 
presentation (Figures 2 and 3). The shift in this clinical 

phenotype can be explained by more routine measure- 
ment of serum calcium as well as widespread use of 
neck ultrasonography during routine examinations. 

In the Shanghai cohort of confirmed PHPT, there were 
no cases of normocalcemic disease. In the only 2 
patients with normal calcium levels, their circulating 25- 
hydroxyvitamin D concentrations were below 30 ng·mL-1, 
thus not fulfilling the criteria for normocalcemic PHPT. 
 
Comparison of the American and Chinese Subjects with 
PHPT based upon the recent cohorts 
As shown in Table 2, Chinese patients are significantly 
younger and the population does not show the female 

 
Table 2 Comparison of clinical features of primary hyperparathyroidism in New York and Shanghai 

Clinical features New York Shanghai P value 
Time period 2010-2013 2001- 2010  
n 77 249  
Age/years 66.4 ± 12.4 51.3 ± 15.6 <0.001 
Female:Male 4.5:1 (63:14) 2.07:1 (168:81) 0.015 
Duration of disease/years 6 (1.75-10.5) 1 (0-15) <0.001 
BMI/(kg·cm-2) 26.6 ± 6.0 22.4 ± 3.3 <0.001 
Serum calcium/(mg·dL-1) 10.6 ± 0.6 11.72 ± 1.4 <0.001 
Serum PTH/(pg·mL-1) 67.5 (47.9-94.9) 402.1 (103.2-2 700.6)  <0.001 
25-hydroxyvitamin D/(ng·mL-1) 36.7 ± 15.8 13 (5.2-29.9) <0.001 
Albumin/(g·L-1) 45.0 ± 2.8 36.6 ± 4.9 <0.001 
Alkaline phosphatase/(U·L-1) 75 (62-92) 112 (50-1 419.8) <0.001 
Fasting plasma glucose/(mg·dL-1) 94.0 ± 13.3 96.5 ± 19.3 NS 
Creatinine/(mg·dL-1) 0.79 (0.59-1.23) 1.03(0.55-2.75) <0.001 
eGFR/(mL·min-1) 80.0 ± 19.4 76.8 ± 41.8 NS 
Lumbar spine BMD (T-score) -1.118 ± 1.684 -1.905 ± 1.711 0.002 
Femoral Neck BMD (T-score) -1.705 ± 1.085 -1.608 ± 1.410 NS 
Kidney stone/% 14.3% 48.2%  <0.001 
Fracture/% 14.3% 17.2%  NS 
Benign/% 100.0%  94.0% 0.028 
Malignant/% 0 6.0% 

Estimated glomerular filtration rate, eGFR 
 
predominance noted in the American experience. 
Moreover, the Chinese subjects with PHPT experienced 
a shorter disease course and displayed more severe 
biochemical abnormalities, including significantly higher 
serum calcium, PTH and alkaline phosphatase concen- 
trations and lower serum albumin and 25-hydroxyvitamin 
D concentrations.  

The two main target organs, namely kidney and bone, 
also display differences between the two cohorts. In 
Shanghai, there is a much higher prevalence of kidney 
stones (48 vs. 14%) with a significantly higher serum 
creatinine level (1.03 vs. 0.79 mg/dL). BMD at the lumbar 
spine is significantly lower in the Shanghai cohort but 

there is no significant difference in the hip region. There is 
no difference in fracture rates. Malignancy was seen in 
14/249 (about 6%), which is substantially higher than 
most published reports. No cases of parathyroid cancer 
were diagnosed in the American cohort. A comparison 
of these features between the recent American and 
Chinese experiences is shown in Figure 4.  
 
Discussion 
 
The current data from New York and Shanghai demons- 
trate that PHPT continues to evolve in both the United 
States and China. A new phenotype of PHPT, normo- 
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Figure 4 Comparison of the differences in current presentation of primary hyperparathyroidism in New York City and Shanghai. Note the continued 
higher prevalence of symptomatic disease in the Chinese cohort, as well as relatively high occurrence of parathyroid cancer. Normocalcemic primary 
hyperparathyroidism is noted in the American cohort but not in the Chinese population. 

calcemic PHPT, has emerged (13). Normocalcemic 
PHPT requires careful definition because many patients 
with hypercalcemia will show normal calcium values 
from time to time. This occasional excursion of the serum 
calcium down into the normal range among those who 
have hypercalcemia is to be contrasted with normo- 
calcemic PHPT in which the serum calcium is always 
normal. The surprising observation with the cohorts 
reported so far is that they tend to have more sympto- 
matic disease than subjects with the common hyper- 
calcemic variant of PHPT. This can be explained by the 
fact the normocalcemic PHPT is being described in 
subjects referred because of a possible underlying 
metabolic bone disease. They would not, therefore, 
appear to be the forerunner of asymptomatic hyper- 
calcemic PHPT. Asymptomatic normocalcemic subjects 
are likely to be discovered only through non-selected 
epidemiological cohorts in which there is no selection 
bias (8-9). Among those individuals described so far, 
nevertheless, progression to hypercalcemia has been 
described (1, 5-6). Recently, even a case of parathyroid 
carcinoma presenting as normocalcemic PHPT was 
reported (14). 

More information is clearly needed with regard to 
both the symptomatic subjects with normocalcemic 
PHPT as well as the individuals who are more likely to 
represent the asymptomatic variant of normocalcemic 
PHPT. Only then will it be possible to suggest guidelines 
for the surgical or medical management of this form of 
PHPT. 

In Asian countries, like China, normocalcemic PHPT 
has not yet been recognized. The reasons for this are 
several-fold. First, there is a high prevalence of vitamin D 
deficiency among individuals who present with normal 
serum calcium and high PTH levels. This form of 
secondary hyperparathyroidism is thus the most likely 
explanation for their elevated PTH levels. As these 
subjects are repleted with vitamin D one of 3 clinical 
sequellae are possible: the PTH will be become normal; 
the serum calcium will become elevated, indicating 
traditional hypercalcemic PHPT; or the diagnosis of 
normocalcemic PHPT will be made. Further studies are 
ongoing to determine what percentage of Chinese 
individuals who present with high PTH and low serum 
25(OH)D levels will fall into which category. A second 
reason why normocalcemic PHPT is not being described 
in China relates to the limited access to PTH and DXA 
measurements in the country. Even if a DXA unit is 
available and the finding of low bone mass is made, 
practitioners will often treat the individual without a 
search for an underlying cause for the bone loss 
syndrome.  

The big change in China is the clear evolution of PHPT 
from a symptomatic to an asymptomatic disease. The 
pattern appears to be duplicating the experience of the 
United States and other Western countries 40 years ago 
when PHPT became recognized commonly as an 
asymptomatic disease. The increasing use of biochemi- 
cal screening in China is likely to be one explanation for 
this change in clinical phenotype. Another explanation 
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resides in the widespread use of ultrasound examination 
of the neck. This is akin to another kind of screening test.  
If the current trend continues in China, the asympto- 
matic form of PHPT may well become the predominant 
one in the next 10-15 years. 

Several other comparative features are noteworthy 
between the New York and the Shanghai experiences. 
The length of known disease was much shorter in 
Chinese subjects than those in the United States. While 
this might argue that delayed recognition is not a factor, 
it still could be. In China, it is likely the disease duration is 
not documented accurately since routine testing is not 
widely available. In the United States, however, hyper- 
calcemia is more likely to have been documented for a 
longer period of time. The more severe presentation of 
disease in China argues for this interpretation. On the 
other hand, the younger age at diagnosis could argue 
that the disease is truly more severe in China. The 
markedly lower serum 25(OH)D levels in the Chinese 
subjects, in the range where PHPT has been shown to be 
much more severe (15), argues for this point. Although it 
is noteworthy that serum 25(OH)D levels are higher now 
in the Shanghai PHPT population than the cohort 
described from Beijing (13 vs. 8.8 ng·mL-1), the levels are 
still very low. The larger parathyroid tumor size in the 
Chinese subjects is also compatible with their vitamin D 
deficient state. This finding is similar to other reports 
describing an inverse association between serum 
25(OH)D and parathyroid adenoma weight (16). The 
larger tumor size in Chinese patients with PHPT also may 
make the lesion more readily detected by ultrasound. As 
a consequence, a larger amount of PTH is needed to 
reach the new set-point (16). These pathophysiological 
changes may partly explain the higher PTH serum 
concentrations and larger tumor size observed in 
Chinese population. 

Another interesting comparative note is that the there 
is not the overwhelming female preponderance in 
China as compared to the United States and many 
other western countries. This difference in female pre- 
dominance was appreciated in the original study (3) 
and has also been seen in India (2).  

It is clear that in both cities, PHPT has changed sub- 
stantially over the past decade. In China, the evolution 
from a predominantly symptomatic disorder to one that 
is increasingly being seen as an asymptomatic one is 
mirroring the experience in the United States and else- 
where 40 years ago. In the United States, the emer- 
gence of a normocalcemic variant is bringing new 
concepts to how this disease develops clinically as well 
as the possibility that one can show progressive disease 
even before hypercalcemia ensues.  
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