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Background: Primary hyperparathyroidism (pHPT) caused by a single benign parathyroid adenoma is a
common endocrine disorder that is affected by regional differences. Living in different geographical
regions reveals differences in the laboratory results and pathological findings, but studies on this subject
are not sufficient. The article focuses on biochemical and pathological effects of geographical differences
in parathyroid adenoma. In addition, the present study seeks to elaborate on treatment methods and
effectiveness of screening in geographical area of Bulgaria and Turkey.
Method: In this prospective study, 159 patients were included from 16 centres. Demographic charac-
teristics, symptoms, biochemical markers and pathologic characteristics were analysed and compared
between 8 different regions.
Results: Patients from Turkish Black Sea had the highest median serum calcium (Ca) level, whereas
patients from Eastern Turkey had the lowest median serum phosphorus (P) level. On the other hand,
there was no significant difference between Ca, parathormone (PTH) and P levels according to regions.
Patients from Eastern Turkey had the highest adenoma weight, while patients from Bulgaria had the
lowest adenoma weight. The weight of adenoma showed statistically significant differences between
regions (p < 0.001). There was a correlation between adenoma weight and serum PTH level (p ¼ 0.05)
and Ca level (p ¼ 0.035).
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Conclusion: This study has provided a deeper insight into the effect of the regional differences upon
clinicopathological changing and biochemical values of pHTP patients with adenoma. Awareness of
regional differences will assist in biochemical screening and treatment of this patient group.

© 2021 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Primary hyperparathyroidism (pHPT) is a third common endo-
crine disorder, which is characterized by an excessive parathyroid
hormone (PTH) secretion from one or more of the four parathyroid
glands. A single benign parathyroid adenoma is the most common
cause of pHPT. Classical pHPT mostly presented with different
symptoms such as kidney stones and bone fracture in the 1970s.1

Recently, pHPT has become more routinely diagnosed at an
asymptomatic stage due to increased screening of the serum cal-
cium level that is the main regulator of the PTH secretion.2 The
clinical change of PHP from symptomatic to asymptomatic also
changes the treatment and surgical decision to be applied to the
patient.

A global level epidemiological concept implementation for pri-
mary hyperparathyroidism is problematic because there is not any
uniform test to measure the serum calcium level in different re-
gions. In addition, the symptoms of disease and the treatment ways
in practice are also changing. It appears that in Europe and United
State, pHPT is diagnosed commonly as an asymptomatic dis-
order.2e5 On the other hand, patients with pHPT in Asian countries
such as India, Iran and Thailand still mostly present with an organ
manifestation.6e10 Research has demonstrated that geographic
disparity may affect the clinical and pathological features of
pHPT.11,12 Although considerable research has been devoted to
pHPT disorder treatment, less attention has been paid to
geographical factors effect in pHPT with adenoma.

The aim of this study is to reveal the biochemical and patho-
logical effects of geographical differences in parathyroid adenoma.
This article also elucidates the changes in the diagnosis and treat-
ment of parathyroid adenoma in geographical area of Bulgaria and
Turkey.
2. Materials and methods

This study is a prospective study, which was conducted by the
15 centres in Turkey and one centre in Bulgaria. It is critical to
appreciate the true impact of the different geographical regions in
patients pHPT treated with parathyroidectomy. For this reason, the
data were classified according to 8 different regions as in our
retrospective study: 1Bulgaria, 2Marmara, 3Turkish Aegean, 4Turk-
ish Mediterranean, 5Central Turkey, 6Turkish Black Sea, 7Eastern
Turkey and 8South-East Turkey (Fig. 1-a,b). Between January and
July 2014, 159 patients were included in this study from 16 centres.
Patients with parathyroid carcinoma, MEN-or familial- related
disease and chronic kidney disease were excluded. Demographic
characteristics, symptoms, serum total calcium (Ca), phosphorus
(P), Alkaline Phosphatase (ALP), serum parathormone (PTH) levels
and serum 25-hydroxy (OH)- vitamin D levels were analysed and
compared between the 8 different regions. In addition to these,
diagnostic modalities such as ultrasound (USG), schintigraphy,
computerized tomography (CT), magnetic resonance imaging (MRI)
were evaluated. Furthermore, the data was also analysed according
to pathologic characteristics and type of operation. The findings
were discussed in relation to the different regions.
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Asymptomatic pHPT patients were determined for surgery ac-
cording to the 2014 guidelines for the management of asymptom-
atic pHPT of the fourth international workshop. Patients’ total
calcium concentrations were adjusted to the serum albumin con-
centration. Vitamin D deficiency threshold was defined as a serum
25-OH- vitamin D level below 50 nmol/L (20 ng/mL). For normo-
calcemic pHPT patients secondary causes of hyperparathyroidism
were ruled out. Secondary and tertiary hyperparathyroidism pa-
tients were excluded from the study. Non-decreased Ca and PTH
levels after surgery, or raising again in first 6 months after surgery
were also considered as persistent disease and the treatment was
considered unsuccessful.

2.1. Statistical analysis

Statistical analysis was carried out using Statistical Package for
the Social Science release 22.0 for Windows software package
(SPSS; IBM Inc., Chicago, USA). The demographic characteristics of
patient according to regions were evaluated using descriptive sta-
tistic means, medians and standard deviation. Differences between
the various clinical, pathological and treatment variables across the
8 separate regions were analysed using the paired sample T test and
Wilcoxon for the comparison of continuous depended variables
between groups and the Mann-Whitney U test was used for the
independent non-parametric variables. The chi-squared test or
Fisher exact test where appropriate for the comparison of catego-
rized variables. One-Way ANOVA and Kruskal Wallis tests were
used to compare more than 2 groups. Homogeneity and normality
of numeric variables were analysed using the Kolmogorov-Smirnov
test. A p value less than 0.05 was considered statistically significant.

3. Results

3.1. Demographic and laboratory characteristics

We identified a total of 159 patients who underwent para-
thyroidectomy between January 2014 and July 2014. Median age
was 52 (19e84) years and 81 % (n ¼ 129) were female. The de-
mographic and laboratory characteristics of the patients by regions
are shown in Table 1. Most of the patients (76 %) were admitted to
clinic with symptoms and median time of the symptoms is 9.5
(1e96) months, while the number of asymptomatic patients was 38
(24 %). The median preoperative Ca level was 11.3 (8.3e15.1) mg/dL
and serum PTH level was 207.5 (50e5000) pg/mL. Moreover, pre-
operative P level was 2.5 (1.3e4.8) mg/dL and ALP 104.5 (9e6490)
U/L. On the other hand, vitamin D deficiency was detected in 127
patients (80 %). Patients from Turkish Black Sea had the highest
median serum Ca level (12.05 mg/dL), whereas patients from
Eastern Turkey had the lowest median serum P level (2.3 mg/dl).
However, there was no significant difference between age, gender,
Ca, PTH, P and ALP levels according to regions (Table 1).

3.2. Surgical procedure and pathological diagnosis

Minimally invasive parathyroid (MIP) surgery was used as a
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Fig. 1. a and b. Geographical regions included in this study.

Table 1
Demographic and laboratory characteristics of patients by regions.

Region 1 2 3 4 5 6 7 8 P

n (%) 5 (3.2) 70 (44) 41 (25.8) e 18 (11.3) 4 (2.5) 6 (3.8) 15 (9.4) NS
Gender (Female/Male) 5/0 55/15 38/3 e 11/7 4/0 5/1 11/4 NS
Symptomatic patient

rate (n)
4 53 33 e 14 2 2 13 NS

Asymptomatic patient
rate

1 17 8 e 4 2 4 2 NS

Preoperative Ca values
(mg/dL) median
(minemax)

11.7 (11.5e13.3) 11.2 (8.3e14.4) 11.4 (10.0e14.6) e 11.65 (10.5e15.1) 12.05 (10.4e13.7) 10.7 (10.5e12.0) 11.3 (9.4e12.8) NS

Preoperative P values
(mg/dL) median
(minemax)

3.1 (2.3e4.3) 2.7 (1.6e4.6) 2.5 (1.3e3.8) e 2.4 (1.5e3.4) 2.9 (2.0e3.1) 2.3 (2.1e3.1) 2.6 (1.3e4.8) NS

Preoperative PTH
values (pg/mL)
median
(minemax)

208 (107e428) 198 (50e5000) 199 (68e2286) e 226 (121e970) 500.5 (138e1177) 219 (135e272) 216 (79e1648) NS

Preoperative ALP values
(U/L) median
(minemax)

133 (85e233) 101 (31e650) 98.5 (38e1005) e 105.5 (68e278) 140 (62e376) 103 (70e133) 114 (72e429) NS

25-OH vitamin D
deficiency (%)

100 75 82.1 e 61.1 100 83.3 NS

PTH: parathormone, NS: not significant.

Table 2
Surgical procedure and pathological diagnosis of patients by regions.

Region 1 2 3 4 5 6 7 8 P

Surgical Procedure (n) NS
� Conventional 2 32 8 e 5 2 4 15
� Minimally invasive 3 38 22 e 12 2 2 e

� Totally endoscopic e e e e e e e e

� Video-assisted e e 9 e e e e e

� Radio-guided e e 2 e 1 e e e

Pathological diagnosis (n) NS
� Hyperplasia 1 7 e e e e e 3
� Adenoma 4 60 40 e 17 4 6 12
� Atypical adenoma e 2 e e 1 e e e

� Carcinoma e 1 1 e e e e e

Adenoma number NS
� 1 3 60 39 e 18 4 5 11
� 2 1 3 2 e e e 1 1
� >2 e e e e e e e e

Adenoma weight (mg) median (min
emax)

19 (9
e58)

846.7 (39
e6000)

1000 (100
e6490)

e 1700 (600
e4600)

220 (170
e310)

2150 (1843
e5000)

980 (200
e1560)

<0.001

NS: not significant.
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surgical method in 49.7 % (n ¼ 79) of patients, while conventional
approach was used in 42.8 % (n ¼ 68) of patients. All patients in the
South-East Turkey (n ¼ 15) were operated with the conventional
approach. Parathyroid adenoma was diagnosed in 143 patients and
only eight of them had two adenomas. More than two adenomas
were not detected in any patient (Table 2).

The median adenoma weight was 1000 mg (9e6490). Patients
from Eastern Turkey had the highest adenoma weight
(1843e5000), while patients from Bulgaria had the lowest ade-
noma weight (9e58). The weight of adenoma showed statistically
significant differences between regions (p < 0.001) (Table 2). No
correlation was showed between adenoma weight and age, sex or
duration of symptoms. There was a statistically positive correlation
between adenoma weight and serum PTH level (p ¼ 0.05), Ca level
(p ¼ 0.035) and ALP level (p < 0.001). On the other hand, a negative
correlation between adenoma weight and 25- OH- vitamin D level
(p ¼ 0.04) and P level (p ¼ 0.05) were seen.

Complications occurred in three patients (1, 9 %). Wound
infection was detected in one patient and temporary unilateral
vocal cord paralysis in one patient. One patient was reoperated for
persistent hyperparathyroidism.

4. Discussion

Parathyroid adenoma is the most common cause of pHPT and
this study finds strong evidence that for a parathyroid adenoma
weight has a correlation with biochemical parameters. First time,
Rutledge et al indicated a relationship between preoperative serum
PTH and calcium level with gland weight or volume.13 Bindlish et al
demonstrated that there was a significant correlation between PTH
and adenomaweight and also showed that there is a negative weak
correlation between adenoma weight and phosphate level.14

Kamani et al also reached conclusions that there were a correla-
tion between adenoma weight and serum PTH and calcium levels.
On the other hand, preoperative serum P had no predictive value on
adenoma weight.15 Some research has demonstrated no relation-
ship between serum markers of pHPT and adenoma weight and/or
size.16e18 Rao DS et al contended that therewas a significant inverse
relation between adenoma weight and serum levels of 25-OH-
vitamin D. A detailed explanation is that 25-OH- vitamin D defi-
ciency decreases Ca sensitivity of PTH and therefore a higher PTH
level is required to have the same effect. As a result, parathyroid
cells also develop hypertrophy.19 Our results are similar in many
aspects to those from previous studies on positive correlation be-
tween adenoma weight and serum PTH and calcium levels. This
study showed there is a negative correlation between 25- OH-
vitamin D level and P level with respect to parathyroid adenoma
weight. This study also demonstrated that adenoma weight had
statistical significant differences between the regions. It is the
highest in Eastern Turkey, but it is the lowest in Bulgaria region.
Well, the calcium level is the lowest in Eastern Turkey, and the
adenomaweight is the highest so howwe can explain this conflict?
The Eastern region and South-East region are less developed re-
gions in Turkey and also per capita income is the lowest. As a result,
the rate of people going to the doctor for a routine follow up is
lower. Therefore, since most of the patients consult a doctor after
being symptomatic, the adenoma weight may be higher because of
the late diagnosis. These results also show us that, it would be
beneficial to take Ca and PTH tests for routine screening pro-
gramme especially in Eastern regions.

There have been changes in the surgical methods over the years
with successful preoperative localization of a parathyroid adenoma.
Parathyroidectomy (PTx) is the curative approach to pHPT with
adenoma. It is indicated in those with symptomatic pHPT and
asymptomatic pHPT who meets the surgical guideline criteria.20
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Minimally invasive parathyroid (MIP) surgery has become widely
used. MIP has 95e98 % surgical success rates and 1e3% complica-
tion rates similar to those seen with the conventional open PTx. If
preoperative imaging has not identified a parathyroid adenoma or
if hyperplasia or familial disease is suspected, a conventional PTx is
preferred.20e22 This study confirms the increase in the choice of
MIP when it is compared to our retrospective study data. While
34 % of patients underwent MIP in our previous study,12 this rate
increased to 49.7 %. However, conventional surgery is still preferred
in the South-East Turkey region. The South-East Region is the least
developed region of Turkey and where technology and advances in
medicine have been applied later.

Comparing prevalence and clinical aspects of pHPT within a
country and between countries is problematical because of varying
levels of screening availability and sources of information. Unfor-
tunately, this study did not directly shed light on the incidence of
pHPT and parathyroid adenoma in our geographical region.
Because, there is no formal data showing the exact numbers of
pHPT and parathyroid adenoma cases in different regions of Turkey
and also Bulgaria. However, this study pointed that the majority of
patients were still diagnosed during the symptomatic period. In the
1930s at the Massachusetts General Hospital, patients diagnosed
with pHPT had kidney stones in 57 %, peptic ulcer disease in 8 %,
and bone complications in 23 %.23 Recently, we no longer encounter
such a clinical case presentation. Due to the increased screening
methods, it began to be diagnosed more routinely with a milder
symptom or an asymptomatic stage. The clinical change of pHPT
from symptomatic to asymptomatic occurred primarily in the USA
and Europe.2 Our results demonstrated that 24 % of the patients
were diagnosed in the asymptomatic period. This was shown as a
relevant indicator that more attention should be paid to the
biochemical screening of pHPT.

There are studies showing that geographical differences also
caused to clinical and biochemical differences in patients with
pHPT.11,12,24 Relative to our retrospective study, the highest pre-
operative serum Ca level was observed in the Black Sea region (both
in Bulgaria and Turkish Black Sea region).12 Additionally, the lowest
serum P level was found in Eastern Turkey. In this study, the highest
median value of Ca was showed in the Black Sea region and the
lowest median value of P was observed in Eastern Turkey. Although
the results were in line with the previous research results in this
study, there was statistically significant differences between the
regions this time. What are the features of these regions to explain
these differences: Turkey is a country consisting of a total of seven
regions, and geographically located in both Asia and Europe, with a
surface area of 783,562 km2. The Marmara region is located on
Europe and the other regions in Asia. There are different environ-
mental factors and life habits between Western side of Turkey and
Eastern side. Therefore, Turkey is surrounded by seas on 3 sides,
and each geographical region has different climatic conditions. The
Black Sea region and Bulgaria (is a neighbor of Turkey from Black
Sea side and located at South-East Europe) are similarly located on
the Black Sea coast and The Black Sea region receives excessive rain
throughout the year and the Ca ratio of sea water increases
depending on the rain water (desalinated water has 20 times more
Ca than salty water), unlike other regions. In addition, people
consume large amounts of seafood in Black Sea region. On the other
hand, the Eastern and South-East regions are not located by the sea
and the seafood consumption rate of the people in these regions is
very low and there may also be genetic differences in Ca meta-
bolism in different regions.

In spite of the effective results of this research, there were some
limitations. First of all, the number of patients was not equal to
eight regions and there was not any patient from Turkish Medi-
terranean region. The population density in Turkey is the highest in
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Marmara with 24 million 465 thousand 194, and the least in
Eastern Turkey with 5 million 966 thousand 101. In addition, the
population density in other regions was determined in the Medi-
terranean Region with 10 million 552 thousand 942 people, in the
Aegean Regionwith a population of 10 million 318 thousand 157, in
the South-East Region with a population of 8 million 876 thousand
531, and in the Black Sea Region with a population of 7 million 674
thousand 496. A population of 1.67 million lives in the Sofia region.
There is a correlation between population density and the number
of patients, but this study was carried out by 16 centers. In other
words, not every hospital in this geographic area was involved in
this study. Therefore, a general conclusion about the total number
of patients in the regions cannot be reached with the current study.
Lastly, low number of patients included in the study. This is related
to the inclusion of patients who were diagnosed and treated be-
tween January and July and also the number of centers involved in
the study.

5. Conclusion

Regional differences have an impact on the pathological and
biochemical values of parathyroid adenoma and parathyroid ade-
noma weight has a correlation with biochemical parameters.
Moreover, the diagnosis of patients in the symptomatic period in-
dicates that more attention should be paid to the biochemical
screening of pHPT. Further research is imperative to improve our
understanding of the geographic factors and its association with
pHPT.
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