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Abstract
Aim: The studies conducted to investigate the association between biochemical manifestations of hyperparathyroidism 
such as serum parathyroid hormone, serum calcium, and serum phosphate levels, and parathyroid adenoma weight 
and volume have conflicting results. We aimed to investigate whether there is an association of preoperative size of 
adenoma with laboratory parameters and cardio-metabolic risk factors in patients with primary hyperparathyroidism.

Material and Method: Seventy-five patients with PHPT and 96 control subjects were enrolled in the study. De-
mographic, anthropometric and biochemistry data were recorded. Correlation analysis was used for determining the 
relation between adenoma volume and cardio-metabolic parameters. Preoperative adenoma volume was calculated 
by the ellipsoid model formula. 

Results: Mean age was similar between groups (52.69 ± 10.91 to 53.33 ± 7.70, p:0.667). Mean size of adenoma was 
1.42 ± 2.62 cm3. Size of adenoma was positively correlated with calcium and parathormone levels and negatively 
correlated with vitamin D level (p<0.05). Size of adenoma was not correlated with cardio-metabolic risk factors in-
cluding systolic blood pressure, diastolic blood pressure, age, fasting plasma glucose, lipid profile, body mass index, 
carotis intima media thickness, CRP and HOMA-IR (p>0.05). PTH, calcium, phosphorus or vitamin D levels were 
also not correlated cardio-metabolic risk factors.

Conclusions: Adenoma volume has a correlation with parathormone, calcium, phosphorus and vitamin D levels, 
however, it is not associated with cardio-metabolic risk factors.
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Öz
Amaç: Primer hiperparatiroidili hastalarda, paratiroid adenom ağırlığı veya hacminin hiperparatiroidinin biyokim-
yasal parametreleri ile ilişkisini araştıran çalışmaların sonuçları çelişkilidir. Bu çalışmada, primer hiperparatiroidili 
hastalarda preoperatif adenom hacmi ile labaratuvar parametreleri ve kardiyo-metabolik risk faktörleri arasındaki 
ilişkinin değerlendirilmesini amaçladık.
Gereç ve Yöntem: Çalışmaya primer hiperparatiroidisi olan 75 hasta ve 96 kontrol olgusu alındı. Demografik, antropo-
metrik ve biyokimyasal veriler kaydedildi. Adenom hacmi ile labaratuvar ve kardiyo-metabolik risk faktörleri arasındaki 
ilişki korrelasyon analizi ile değerlendirildi. Preoperatif adenoma hacmi ellipsoid model formülü ile hesaplandı.
Sonuçlar: Ortalama yaş her iki grupta benzerdi (52.69±10.91 to 53.33 ± 7.70, p=0.667). Ortalama adenom hacmi 
1.42±2.62 cm3 idi. Paratiroid adenom hacmi, parathormon ve kalsiyum düzeyleri ile pozitif korrele iken, vitamin D 
düzeyleri ile negatif korrele idi (p<0.05). Paratiroid adenom hacmi, kardiyo-metabolik risk faktörleri olan sistolik 
ve diyastolik kan basıncı, yaş, açlık plazma glukozu, lipid profili, vücut kitle indeksi, karotis intima media kalınlığı, 
CRP ve HOMA-IR ile ilişkili değildi (p>0.05). Parathormon, kalsiyum, fosfor veya vitamin D düzeyleri ile kardiyo-
metabolik risk faktörleri arasında ilişki saptanmadı (p>0.05).
Sonuç: Paratiroid adenoma hacmi ile parathormon, kalsiyum ve vitamin D düzeyleri arasında korrelasyon olmasına 
rağmen paratiroid adenoma hacmi ile kardiyo-metabolik risk faktörleri arasında ilişki saptanmadı.
Anahtar Kelimeler: Primer hiperparatiroidi, adenoma hacmi, kardiyo-metabolik risk faktörleri

Introduction
Elevated serum calcium and elevated or non-suppressed 
levels of parathyroid hormone (PTH) characterize 
primary hyperparathyroidism (PHPT) [1]. A single 
benign parathyroid adenoma is the most common lesion 
found in PHPT patients. There is a substantial increase 
in the incidence of PHPT in countries where biochemical 
screening tests become available [2]. Cardiomyocytes, 
endothelial cells, and smooth muscle cells express PTH 
receptors [3], and experimental and clinical studies have 
shown that increased PTH was associated with myocardial 
fibrosis, calcification, and hypertrophy [4]. Increased 
levels of PTH have been demonstrated in hypertension 
[5], left ventricular hypertrophy [6], atrial fibrillation [7] 
and could predict cardiovascular mortality [8], which may 
suggest the hypothesis that increased PTH is associated 
with cardiovascular disease risk.  On the other hand, 
some studies did not support this hypothesis [9,10]. Even 
mild primary hyperparathyroid patients have increased 
cardiovascular abnormalities and dysfunction and mortality 
many of which improved with parathyroidectomy [11–15]. 
Preoperative biochemical markers of calcium homeostasis 
and ultrasonographic features of parathyroid adenoma 
may affect the surgical decisions related to the extent of 
neck exploration and parathyroid gland excision. The 
studies conducted to investigate the association between 
biochemical manifestations of hyperparathyroidism such 
as serum parathyroid hormone, serum calcium, and serum 
phosphate levels, and parathyroid adenoma weight and 
volume have conflicting results [16-21]. 

We aimed to investigate whether there is an association of 
preoperative size of adenoma with laboratory parameters 
and cardio-metabolic risk factors in patients with primary 
hyperparathyroidism.
Material and Method
Patient selection
Seventy-five patients with PHPT diagnosed in Diskapi 
Training and Research Hospital between 2012 and 2017 
and 96 control subjects were enrolled in the study. Ethics 
committee approval and written informed consent of 
participants were obtained before the study. Patients 
with multiple endocrine neoplasia, parathyroid cancer, 
thyroid cancer, hyperparathyroidism-jaw tumor syndrome 
and patients had known to interfere with calcium and 
vitamin D metabolism for at least 2 weeks before hospital 
admission were excluded. Patients diagnosed with familial 
hypocalciuric hypercalcemia were also excluded. None of 
our patients used any medicine that have effect on calcium 
metabolism. PHPT was diagnosed by demonstrating 
persistent hypercalcemia in the presence of inappropriately 
normal or elevated PTH concentrations [22]. All patients 
underwent parathyroidectomy. Seventy patients had 
pathologically confirmed single parathyroid adenoma, 1 
patient had parathyroid carcinoma, 2 patients had parathyroid 
hyperplasia, 2 patients had double parathyroid adenoma.
Clinical, biochemical and hormonal measurements
Baseline demographic data, clinical characteristics, blood 
sampling were obtained in all study subjects. Weight, 
height, circumferences of waist (WC) and hip (HC), body 

Primer hiperparatiroidide adenom hacmi ile labaratuvar 
parametreleri ve kardiyo-metabolik risk faktörlerinin ilişkisi

14ORTADOĞU TIP DERGİSİ 10 (1): 13-19  2018



mass index (BMI), systolic and diastolic blood pressure 
(BP) were measured. BMI was calculated as weight (kg)/
height (m)2. All patients underwent a biochemical, and 
hormonal examination including serum glucose, albumin, 
total calcium, 24-hour urinary calcium, phosphorus, 
creatinine, hs-CRP, total cholesterol, triglyceride, low-
density lipoprotein cholesterol (LDL-C) and high-density 
lipoprotein cholesterol (HDL-C) levels the morning after 
an overnight fast, by using colorimetric methods. The 
concentration of plasma parathyroid hormone (PTH) was 
measured using an intact PTH assay (chemiluminescent 
immunoassay with an Immulite 2000; normal range 12–
65 pg/ ml). Plasma 25-OH vitamin D was measured via 
radioimmune assay. Insulin resistance was calculated by 
the homeostasis model assessment (HOMA-IR) [23].
Parathyroid ultrasonography (US) was performed using 
High-resolution B-mode ultrasound images (EUB 7000 
HV; Hitachi, Tokyo, Japan) with a 13-MHz linear array 
transducer. The volume of parathyroid adenoma was 
calculated by the ellipsoid model formula (length x 
thickness x width x 0.52) [24].
Carotid intima-media thickness (CIMT) was measured for 
assessing carotid atherosclerosis. CIMT was defined as the 
distance between the blood-intima and media-adventitia 
boundaries on B-mode imaging high-resolution ultrasound 
system (EUB 7000 HV; Hitachi, Tokyo, Japan).
Blood pressure was measured from both arms using mercury 
sphygmomanometer based on Korotkoff phase I and phase 
V sounds with the subject rested in a sitting position for a 
minimum of 10 minutes. A second measurement was taken 

from the arm that had a higher value. The mean systolic 
and diastolic blood pressure values were calculated from 
the two measurements, which were taken at least three 
minutes apart.
Statistical analysis: Statistical analysis was performed 
using JMP 13.0.1 software (SAS Institute, Cary, NC, USA). 
Descriptive analyses were expressed as mean±standard 
deviation (SD) and percentages (%). Kolmogorov-
Smirnov or Shapiro-Wilk W was used for normality. 
Chi-square test or Fisher’s exact test, where appropriate, 
was used for categorical variables. The Student’s t-test 
for normally distributed continuous variables and Mann-
Whitney U test for continuous variables, which were 
not normally distributed were used. Correlations were 
analyzed using Pearson and Spearman’s correlation. 
P<0.05 was considered as statistically significant. 
Results
Seventy-five patients with PHPT and 96 controls were 
included in the study. Mean age was similar between 
groups (52.69 ± 10.91 to 53.33 ± 7.70, p:0.667). Mean size 
of adenoma was 1.42 ± 2.62 cm3. Sex distribution, BMI 
was similar between groups (p>0.05). Vitamin D, fasting 
plasma glucose, creatinine, HDL-C, LDL-C, triglyceride 
and CRP levels were similar between groups (p>0.05). 
Systolic blood pressure, diastolic blood pressure, calcium 
and parathormone levels were significantly higher in PHPT 
group (p<0.0001). Phosphorous was significantly lower 
in PHPT group (p<0.0001). CIMT and HOMA-IR were 
significantly higher in PHPT group (p<0.05) (Table 1).
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Table 1. Clinical and demographic characteristics of patients and controls
PHPT Group (n:75) Control Group (n:96) p

Mean or n SD or % Mean or n SD or %
Age (years) 52.69 10.91 53.33 7.70 0.667
Sex (Female) 65 87 73 76 0.081
BMI (kg/m2) 30.61 5.12 29.55 4.34 0.159
Systolic blood pressure (mmHg) 136.56 15.10 121.72 10.57 <0.0001
Diastolic blood pressure (mmHg) 83.81 7.46 78.76 5.56 <0.0001
Calcium (mg/dL) 11.11 0.81 9.37 0.38 <0.0001
Phosphorous (mg/dL) 2.68 0.43 3.44 0.50 <0.0001
Parathormone (pg/mL) 236.89 223.96 60.55 25.40 <0.0001
Vitamin D (ng/mL) 14.76 12.71 15.31 11.76 0.776
Fasting Plasma Glucose (mg/dL) 90.59 8.79 88.27 8.11 0.079
Creatinine (mg/dL) 0.76 0.20 0.90 1.00 0.191
LDL-Cholesterol (mg/dL) 123.93 32.18 119.25 24.04 0.299
HDL-Cholesterol (mg/dL) 51.54 11.99 51.95 11.66 0.825
Triglyceride (mg/dL) 147.19 61.83 142.43 69.79 0.641
CIMT (cm) 0.67 0.13 0.60 0.10 0.0009
CRP (mg/L) 3.41 3.31 3.34 2.98 0.882
HOMA-IR 2.93 1.87 2.20 1.35 0.005
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Size of adenoma was positively correlated with calcium 
and parathormone levels and negatively correlated with 
phosphorous level (p<0.05). Size of adenoma was not 
correlated with systolic blood pressure, diastolic blood 
pressure, age, fasting plasma glucose, creatinine, LDL-C, 
HDL-C, triglyceride, BMI, CIMT, CRP and HOMA-IR 
(p>0.05) in PHPT group (Table 2).
Table 2. Correlation of the adenoma size with the clini-
cal and laboratory parameters in PHPT group

Correlation 
Coefficient p

Systolic blood pressure (mmHg) 0.110 0.377
Diastolic blood pressure (mmHg) 0.046 0.710
24-hour urinary calcium (mg/day) 0.057 0.661
Age (years) 0.034 0.781
Calcium (mg/dL) 0.307 0.011
Phosphorous (mg/dL) -0.170 0.166
Parathormone (pg/mL) 0.522 <0.0001
Vitamin D (ng/mL) -0.457 <0.0001
Fasting Plasma Glucose (mg/dL) -0.226 0.064
Creatinine (mg/dL) 0.037 0.762
LDL-cholesterol (mg/dL) -0.200 0.102
Triglyceride (mg/dL) 0.018 0.884
HDL-cholesterol (mg/dL) 0.105 0.395
BMI (kg/m2) 0.068 0.584
CIMT (cm) 0.025 0.839
CRP (mg/L) 0.017 0.893
HOMA-IR -0.125 0.314

Parathyroid hormone levels were positively correlated with 
calcium levels, and negatively correlated with phosphorous 

and vitamin D levels (p<0.05). Parathyroid hormone levels 
were not correlated with systolic blood pressure, diastolic 
blood pressure, age, fasting plasma glucose, creatinine, 
LDL-C, HDL-C, triglyceride, BMI, CIMT, CRP and 
HOMA-IR in PHPT group (p>0.05) (Table 3).
Table 3. Correlation of the parathormone levels with the 
clinical and laboratory parameters in PHPT group

Correlation 
Coefficient p

Systolic blood pressure (mmHg) -0.042 0.724
Diastolic blood pressure (mmHg) -0.107 0.371
24-hour urinary calcium (mg/day) 0.107 0.385
Age (years) -0.041 0.728
Calcium (mg/dL) 0.341 0.0028
Phosphorous (mg/dL) -0.242 0.037
Vitamin D (ng/mL) -0.621 <0.0001
Fasting Plasma Glucose (mg/dL) 0.071 0.546
Creatinine (mg/dL) -0.224 0.053
LDL-cholesterol (mg/dL) -0.386 0.0007
Triglyceride (mg/dL) -0.169 0.151
HDL-cholesterol (mg/dL) 0.013 0.912
BMI (kg/m2) 0.059 0.618
CIMT (cm) 0.011 0.924
CRP (mg/L) -0.080 0.500
HOMA-IR -0.005 0.969

Calcium, phosphorus or vitamin D levels were not 
correlated with systolic blood pressure, diastolic blood 
pressure, age, fasting plasma glucose, creatinine, LDL-C, 
HDL-C, triglyceride, BMI, CIMT, CRP and HOMA-IR in 
PHPT group (p>0.05) (Table 4).

Table 4. Correlation of the calcium, phosphorus and vitamin D levels with the clinical and laboratory parameters in 
PHPT group

Calcium Phosphorus Vitamin D
CC p CC p CC p

Systolic blood pressure (mmHg) 0.096 0.423 -0.063 0.599 0.006 0.962
Diastolic blood pressure (mmHg) 0.031 0.793 0.004 0.975 -0.148 0.216
24-hour urinary calcium (mg/day) 0.152 0.215 -0.165 0.178 0.117 0.341
Age (years) 0.028 0.813 0.044 0.710 -0.070 0.553
Fasting Plasma Glucose (mg/dL) -0.197 0.091 -0.117 0.316 -0.128 0.273
Creatinine (mg/dL) 0.224 0.054 0.111 0.342 0.101 0.390
LDL-cholesterol (mg/dL) -0.225 0.054 0.137 0.245 0.108 0.358
Triglyceride (mg/dL) 0.004 0.976 0.151 0.198 0.085 0.474
HDL-cholesterol (mg/dL) 0.236 0.043 0.170 0.148 -0.134 0.254
BMI (kg/m2) 0.041 0.732 0.088 0.455 -0.110 0.350
CIMT (cm) 0.170 0.144 0.014 0.907 0.006 0.960
CRP (mg/L) -0.064 0.591 0.206 0.080 0.065 0.588
HOMA-IR -0.028 0.814 0.073 0.538 0.119 0.311
CC: Correlation coefficient
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Discussion
In our study, the preoperative adenoma volume was 
positively correlated with calcium and parathormone levels 
and negatively correlated with vitamin D levels, however, 
it did not have an association with cardio-metabolic risk 
factors including blood pressure, age, BMI, lipid profile, 
CRP, HOMA-IR, CIMT.
Several studies evaluated the relation between adenoma size 
and laboratory findings in PHPT. Rutledge et al reported 
an association between PTH and calcium levels with 
adenoma volume [18]. Williams et al found a considerable 
correlation between adenoma weight and serum PTH level, 
however, this correlation was lost after excluding of two 
extraordinarily heavy adenomas from the analysis [25]. 
Bindlish et al found a positive correlation between PTH 
and adenoma weight and a negative correlation between 
adenoma weight and phosphate [17]. In a retrospective 
study, Mozes et al demonstrated a positive correlation 
between PTH and gland weight [26]. A study showed that 
the adenoma weight was significantly associated with the 
risk of death after treatment of PHPT [21]. Kamani et al 
found a substantial correlation between serum PTH and 
calcium levels regarding parathyroid adenoma volume and 
weight [27]. On the other hand, some authors have failed 
to support a relationship between biochemical parameters 
of hyperparathyroidism with adenoma size [16,19]. In our 
study, the preoperative adenoma volume was positively 
correlated with calcium and parathormone levels and 
negatively correlated with vitamin D levels.
Several studies suggested a positive correlation between 
PTH and cardiovascular risk. A recent study demonstrated an 
independent association between PTH and nocturnal systolic 
blood pressure, mean 24-hour pulse wave velocity, and left 
ventricular mass index. PTH may induce vascular and cardiac 
remodeling in primary hyperparathyroidism [28]. However, 
some studies did not support this hypothesis [9,10]. Although 
there was a correlation between adenoma size and PTH, we 
did not observe an association between parathormone levels 
and cardio-metabolic risk factors in our study.
Hypertension, hyperlipidemia, CIMT, CRP, and insulin 
resistance are all associated with increased risk for 

cardiovascular disease [29,30]. Patients with PHPT 
have increased the risk for cardiovascular disease and 
these patients have increased mortality, substantially 
due to cardiovascular death [31]. Several risk factors 
for cardiovascular disease (CVD) are observed in PHPT 
patients, including hypertension and, elevated CIMT, 
insulin resistance and CRP [32–35]. In our study, SBP, 
DBP, HOMA-IR, and CIMT were higher in PHPT group, 
however, CRP, lipid profile and fasting plasma glucose 
were similar. None of the cardio-metabolic risk factors 
were associated with adenoma volume.  
Adenoma weight is correlated with the degree of vitamin 
D deficiency in PHPT [36]. However, Moosgaard B et al 
demonstrated that low vitamin D levels were associated 
with an aggravated clinical presentation of PHPT but did 
not have an effect on adenoma size [37]. In our study, 
preoperative adenoma volume is negatively correlated 
with vitamin D levels. 
During last decades, the clinical presentation of PHPT 
has changed from classic symptomatic disease in which 
renal and/or skeletal manifestations are observed to 
asymptomatic disease. Most of the patients are diagnosed 
in very early stage of the disease. Many studies support 
the association of PTH and hyperparathyroidism with 
cardiovascular disease risk. We found a positive correlation 
between PTH and parathyroid adenoma volume however, 
neither PTH nor adenoma volume were associated with 
cardio-metabolic risk factors. These findings might be 
explained by most of our patients could be in the early stage 
of the disease that are not able to represent an association 
with cardio-metabolic risk factors.  
Being a single center study and small sample size are main 
limitations of our study.
In conclusion, adenoma size is correlated with 
parathormone, calcium, phosphorus and vitamin D levels 
in patients with primary hyperparathyroidism, however, it 
is not correlated with cardio-metabolic risk factors which 
have been demonstrated to increase in these patients
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