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Abstract

Background Components of metabolic syndrome can be observed in patients with primary hyperparathyroidism
(PHPT). The link between these disorders remains unclear due to the lack of relevant experimental models and the
heterogeneity of examined groups. The effect of surgery on metabolic abnormalities is also controversial. We con-

ducted a comprehensive assessment of metabolic parameters in young patients with PHPT.

Methods One-center prospective comparative study was carried out. The participants underwent a complex
biochemical and hormonal examination, a hyperinsulinemic euglycemic and hyperglycemic clamps, a bioelectrical
impedance analysis of the body composition before and 13 months after parathyroidectomy compared to sex-, age-
and body mass index matched healthy volunteers.

Results 45.8% of patients (n = 24) had excessive visceral fat. Insulin resistance was detected in 54.2% of cases. PHPT
patients had higher serum triglycerides, lower M-value and higher C-peptide and insulin levels in both phases of
insulin secretion compared to the control group (p < 0.05 for all parameters). There were tendencies to decreased fast-
ing glucose (p=0.031), uric acid (p=0.044) and insulin levels of the second secretion phase (p=0.039) after surgery,
but no statistically significant changes of lipid profile and M-value as well as body composition were revealed. We
obtained negative correlations between percent body fat and osteocalcin and magnesium levels in patients before
surgery.

Conclusion PHPT is associated with insulin resistance that is the main risk factor of serious metabolic disorders. Sur-
gery may potentially improve carbohydrate and purine metabolism.
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Background

The prevalence of metabolic syndrome has a tendency
to increase and depends on many factors that needs the
complex approach to treatment and prevention of this
pathology. In the Russian Federation metabolic syndrome
occurs in 40-50% of population [1]. Some epidemiologi-
cal and experimental studies indicate non-classical effects
of both parathyroid hormone (PTH) and calcium on adi-
pose tissue, pancreas, vascular wall, cardiac myocytes
and others, thus they may be involved in the regulation of
energy processes, blood pressure and metabolism [2]. In
the general population the level of PTH is positively asso-
ciated with the development of metabolic syndrome and
an increased risk of cardiovascular diseases. Besides, dia-
betes mellitus, obesity, insulin resistance (IR) and hyper-
tension are significantly more frequent in patients with
primary hyperparathyroidism (PHPT) [3, 4]. But most
studies covering the problem of IR in PHPT population
were based on results of indirect diagnostic methods [3,
5, 6]. The positive effect of parathyroidectomy (PTE) on
metabolic parameters in patients with PHPT is incon-
sistent [4, 7]. This is probably due to the methodological
diversity in study design. Therefore the cardiovascular
and metabolic benefits of surgical treatment in PHPT
population remain a subject of debate [8, 9].

Based on the above, we conducted a comprehensive
assessment of metabolic parameters in young patients
with PHPT using gold-standard diagnostic methods. The
young age of the studied group was chosen to minimize
as much as possible the impact of age-associated and
other risk factors on metabolic abnormalities.

Methods

The prospective comparative study was conducted in the
Endocrinology Research Centre (Moscow, Russia) from
September 2018 to October 2020. We included 24
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patients with PHPT and 20 healthy sex-, age- and body
mass index (BMI) matched volunteers. Inclusion criteria
for patients were age > 18 years, confirmed diagnosis of
PHPT according to the Russian guidelines (a combina-
tion of hypercalcemia and an elevated or inappropriately
normal PTH level measured twice and excluded familial
hypocalciuric hypercalcemia). Exclusion criteria were
following: age>50 years, severe chronic diseases (cer-
ebrovascular disease, coronary heart disease, heart, res-
piratory or liver failure); decreased estimated glomerular
filtration rate (eGFR) <60 ml/min/1.73 m?% BMI > 35 kg/
m?; diabetes mellitus; hormone-secreting tumors of the
pituitary gland, pancreas, gastrointestinal tract, adre-
nal glands; anamnesis of surgical operations on the
pancreas; hypo-/hyperthyroidism; menstrual dysfunc-
tion for women; taking drugs affecting mineral metabo-
lism (calcium, vitamin D metabolites, thiazide diuretics,
denosumab, bisphosphonates) at the time of inclusion
in the study; taking hypoglycemic therapy, somatostatin
analogues, dopamine receptor agonists; mental illness;
anamnesis of oncology; acute respiratory infection or
exacerbation of a chronic disease during the last month;
pregnancy; lactation. The control group had the same
exclusion criteria and an additional one such as any para-
thyroid pathology.

Physical examination, laboratory evaluation, clamp-
tests and an assessment of body composition were con-
ducted both at baseline and 13 [10; 16] months after PTE.
The study design is presented in Fig. 1.

Fasting serum biochemical parameters (total cal-
cium (reference range (RR) 2.15-2.55 mmol/l), albumin
(RR 34-48 g/l for women, 35-50 g/l for men), phos-
phorus (RR 0.74-1.52 mmol/l), magnesium (RR 0.7-
1.05 mmol/l), creatinine (RR 50-98 pumol/l for women,
63-110 umol/l for men), glucose (RR 3.1-6.1 mmol/l),
total cholesterol (RR 3.3-5.2 mmol/l), low-density
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Fig. 1 The structure of research design



Bibik et al. BMC Endocrine Disorders (2023) 23:57

lipoprotein cholesterol (LDL, RR 1.1-3.0 mmol/l),
high-density lipoprotein cholesterol (HDL, RR 1.15—
2.6 mmol/l for women, RR 0.9-2.6 umol/l for men),
triglycerides (RR 0.1-1.7 mmol/l), uric acid (RR 142-
339 pumol/l for women, RR 202-416 pmol/l for men),
alkaline phosphatase (ALP, RR 40-150 U/]) were assessed
using ARCHITECH ¢8000 system (Abbott, USA). Intact
PTH (RR 15-65 pg/ml), C-peptide (RR 1.1-4.4 ng/ml),
immunoreactive insulin (IRI, RR 2.6-24.9 pU/ml) and
osteocalcin (RR 15-46 ng/ml) were measured by the
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electrochemiluminescence immunoassay with Cobas
6000 (Roche, Germany), serum 25 hydroxyvitamin
D (25(0OH)D, RR 30-100 ng/ml)—by enzyme-linked
immunoassay with Liaison XL analyzer (DiaSorin, Italy).
Serum leptin (pg/l) and adiponectin (pg/ml) levels were
determined by enzyme-linked immunoassay using Leptin
Sensitiv ELISA and Adiponectin ELISA kits (Mediagnost,
Germany). Glycated hemoglobin (HbAlc, RR 4 —6%)
was measured by high performance liquid chromatog-
raphy with D10 analyzer (BioRad, USA). The formula

Table 1 The laboratory parameters of mineral metabolism of both groups at baseline

Parameters PHPT group (n=24) Control group (n=20) p, U-test
PTH, pg/ml 141[111;228] 39.9(33.8;47.5] <0.001
Caadj, mmol/I 2.73[2.61;2.94] 2.231[2.15;2.28] <0.001
Phosphorus, mmol/I 0.76[0.73; 0.84] 411.09; 1.25] <0.001
Magnesium, mmol/I 0.84[0.79; 0.86] 0.81[0.78;0.82] 0014
eGFR in CKD-EPI, ml/min/1.73 m? 104 [94; 111] 102 [95; 106] 0579
ALP, U/I 71 [60; 85] 541[41;61.5] <0.001
Osteocalcin, ng/ml 46.0 [38.2,67.7] 19.3[16.6;21.5] <0.001
25(0OH)D, ng/ml 19.0[13.3;21.9] 20.8[17.1;28.2] 0.154

Data are presented by medians and interquartile ranges (Median, IQR [25;75]%). U-test: the Mann-Whitney test;

PHPT Primary hyperparathyroidism, PTH Parathyroid hormone, Ca,
25(0OH)D 25 Hydroxyvitamin D

p <0.05 was considered statistically significant

adj

Table 2 The baseline metabolic parameters of both groups

. Aloumin-adjusted calcium, eGFR Estimated glomerular filtration rate, ALP Alkaline phosphatase,

Parameters PHPT group (n=24) Control group (n=20) p, U-test
BMI, kg/m2 24.6[22.5;26.5] 23.91[22.7;259] 0.612
Fasting glucose, mmol/I 5.04[4.63;5.23] 4.83[4.50; 5.20] 0.556
2-h glucose OGTT, mmol/I 1[4.78; 6.34] 489 [4.40; 5.74] 0.260
HbA1c, % 5.30[5.10; 5.50] 520[5.10; 5.50] 0.815
Total cholesterol, mmol/I 494 [4.49;541] 8[4.36; 5.46] 0.732
LDL cholesterol, mmol/I 3.04[2.58; 3.69] 3.39[2.36;3.62] 0.962
HDL cholesterol, mmol/I 1.35[1.14;1.75] 1.53[1.26;1.76] 0.494
Triglycerides, mmol/I 1.13[0.94;1.39] 0.79[0.63; 1.01] 0.001
Uric acid, pmol/I 298 [246; 366] 253[231;311] 0.134
Adiponectin, ug/ml 7.22 [4.56;8.79] 7.23[4.81,10.8] 0.849
Leptin, ug/I 12,5 [4.74;18.8] 7.09[6.28;11.7] 0.247
M-value, mg/kg/min 5.60 [4.25;7.45] 7.901[7.00; 10.6] 0.001
AUC C-peptide phase 1 61.9[44.4;73.9] 37.6[36.1;426] <0.001
AUC C-peptide phase 2 160 [145; 198] 132[115;175] 0.019
AUC IRI phase 1 648 [438; 834] 294 [259; 384] <0.001
AUC IRl phase 2 1150 [961; 1448] 760 [657;1012] 0.001
Percent body fat, % 31.5[20.9; 36.2] 31.2[25.6;33.7] 0916
Visceral fat area, cm? 89.9[61.3;120] 88.1 [75.9; 106] 0.770

Data are presented by medians and interquartile ranges (Median, IQR [25;75]%). U-test: the Mann-Whitney test

PHPT Primary hyperparathyroidism, BMI Body mass index, OGTT Oral glucose tolerance test, HbA1c Glycated hemoglobin, LDL Low-density lipoprotein, HDL High-

density lipoprotein, AUC Area under curve, IRl Immunoreactive insulin

p<0.05 was considered statistically significant
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for albumin-adjusted calcium (Ca,) is as follows: albu-
min-adjusted calcium (mmol/l)=serum calcium level
(mmol/1) 4 0.02 x (40 — serum albumin level (g/1)). eGFR
was calculated using the CKD-EPI 2009 equation. BMI
(kg/m?) was calculated as the ratio of weight (kg) divided
by the height squared (m?).

All participants underwent 75 g oral glucose tolerance
test (OGTT) and clamp-tests. Both clamps were per-
formed at the morning after a 12-h overnight fast with
minimum 48-h interval between them. IR was measured
by the classic DeFronzo hyperinsulinemic euglycemic
clamp-test. It included continuous IV infusion of regular
insulin at a constant rate of 1 mIU/kg/min using a syringe
pump (Perfusor compact, B. Braun, Germany). Simulta-
neously, 20% glucose solution was infused using Infuso-
mat fmS (B. Braun, Germany) to maintain blood glucose
level in the range 5.1-5.6 mmol/l, that was controlled
every 5 min with a glucose analyzer (OneTouch “Verio-
Pro+’, Switzerland). Glucose uptake by tissues (M-value)
was calculated as an average amount of glucose (mg/kg/
min) required to maintain glycemic targets during 30 min

C-peptide, ng/ml

—8— PHPT group

120

IRI, wU/ml
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of dynamic equilibrium of the glucose infusion rate.
M-values were classified into 4 groups: 0-2 (severe IR),
2—4 (moderate IR), 4—6 (mild IR), and>6 (no IR). Two-
phase insulin secretion was measured using a modifica-
tion of DeFronzo hyperglycemic clamp test. 20% glucose
IV infusion consisted of two stage: 1) a 15-min “priming
dose” to raise blood glucose level to hyperglycemic pla-
teau; 2) a “maintenance dose” The “priming dose” was cal-
culated per body surface area (m?) and equal to 9,622 mg/
m?. Then glucose solution was infused to maintain blood
glucose level in the range 9.3-10.7 mmol/l during 2 h
under the control every 5 min with a glucose analyzer.
Every 2 min of the first stage and every 10 min of the sec-
ond stage blood samples were obtained to evaluate serum
C-peptide and IRI levels. The first phase of insulin secre-
tion was assessed by areas under curves (AUC) of C-pep-
tide and IRI concentrations during the priming stage and
the second one by respective AUC during the last test
period. Multi-frequency bioelectrical impedance analysis
of body composition was performed using InBody-770
analyzer (Inbody Co., LTD, North Korea).

15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
Time, min

—e— Control group

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130

—&— PHPT group

Time, min

—e— Control group

Fig. 2 Changes of parameters during the hyperglycemic clamp at baseline in examined groups
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Statistical analysis was performed using Statistica 13.0
(StatSoft, USA) and SPSS (IBM, USA) software packages.
Descriptive statistics of quantitative characteristics are
presented by medians and interquartile ranges (Median,
IQR [25;75]%), descriptive statistics of qualitative char-
acteristics—in absolute and relative frequencies. The
Mann—Whitney test (U-test) and Chi-square test were
applied to compare two independent groups in terms
of quantitative and qualitative characteristics respec-
tively. The Wilcoxon signed-rank test (W-test) was used
to compare related groups. Spearman’s rank correlation
coefficient was applied for the examination of variable
correlations. The critical level of significance when test-
ing statistical hypotheses was equal to 0.05.

Results

The ratio of men and women in the PHPT group before
surgery was 1:4 with the median age 37 [33; 41] years and
median illness duration (since the first symptoms or

Percent body fat, %
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v

=
o
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laboratory test abnormalities) 3 [1.5; 7] years. The base-
line laboratory parameters of mineral metabolism of both
groups are presented in Table 1.

According to the OGTT results, only 1 patient had an
impaired glucose tolerance with normal HbAlc, others did
not show any carbohydrate metabolism abnormalities. Vari-
ous types of dyslipidemia and hyperuricemia were detected
in 54.2% (n=13) and in 29.2% (n=7) of PHPT patients
respectively. 11 patients were overweight (45.8%) and the
one was obese (BMI 31.8 kg/m?). 45.8% of patients had
excessive visceral fat (the area of visceral adipose tissue > 100
cm?), including those with normal BML IR was diagnosed
in 54.2% of patients (n=13), four of them presented with
moderate IR, none had severe IR. The baseline metabolic
parameters of both groups are presented in Table 2.

Patients with PHPT had higher serum triglycerides lev-
els without any differences in other metabolic parameters
compared to the control group. They also showed lower
M-value, higher serum C-peptide and IRI concentrations

150 200 250 300

Osteocalcin, ng/ml

Percent body fat, %
3

07 075 08

0,85 0,9 0,95

Magnesium, mmol/l

Fig. 3 Correlations of percent body fat with parameters of mineral metabolism in patients with PHPT at baseline
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in both phases of insulin secretion. Changes of the
parameters during the hyperglycemic clamp at baseline
are presented in Fig. 2A, B.

We found a negative correlation between percent
body fat (PBF) and osteocalcin and magnesium lev-
els (Fig. 3A, B) in the PHPT group. 2-h OGTT glucose
level had direct links with PBF and visceral fat area
(VFA) (r,;=042, p,=0.040 and r,=0.44, p,=0.031,
respectively), M-value had the opposite links with these
body composition parameters (r; =-0.49, p; =0.014 and
r,=-0.42, p,=0.041, respectively). Concentrations of
C-peptide and IRI in both secretion phases demonstrated
apparent correlations with BMI. Serum leptin level had
a positive correlation with 2-h OGTT glycaemia and a
negative with M-value (Fig. 4A, B).

Only 17 patients continued the study after radical
PTE. The re-examination was completed within 13 [10;
16] months, min 7 months, max 19 months. The follow-
up data of mineral and metabolic parameters are pre-
sented in Tables 3 and 4. In the post-surgery period we
detected decreased fasting glucose, uric acid levels and
IRI concentration of the second secretion phase but no

A
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significant changes of lipid profile and M-value. BMI
and HbA1c had been increased but body composition of
patients did not change significantly.

The PHPT group after PTE still had higher serum tri-
glycerides (p=0.002) and HbAlc (p=0.011) compared
to the control group. Also lower M-value (p=0.001)
and higher serum C-peptide and IRI concentrations in
both phases of pancreas secretion persisted in patients
with previous PHPT compared to the healthy volunteers
(Fig. 5A-D).

Discussion

The main aim of our study was to estimate the main met-
abolic parameters in the young PHPT population using
the most specific diagnostic methods. We revealed IR
in more than half of young patients with PHPT as well
as lower M-value and higher serum IRI concentrations
compared to people without parathyroid pathology.
This fact may be explained by the differences in mineral
metabolism between groups because body composi-
tion was comparable. Majority of colleagues confirmed a
reduction in insulin sensitivity accompanied by increased

6 7 8 9 10

Serum glucose, mmol/l

M-value, mg/kg/min
2]
e
®

40 50 60 70 80

Leptin, pg/l

Fig.4 Correlations of serum leptin level with parameters of carbohydrate metabolism in patients with PHPT at baseline
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Table 3 The follow-up laboratory parameters of mineral metabolism
in the PHPT group

Parameters PHPT group (n=17) p, W-test
Baseline After surgery

PTH, pg/ml 138[106;210] 388[32.7;49.2] <0.001

Ca,g, mmol/I 271[261;291] 218[2.16;224] <0.001

adjr

[ ]
(2. ]

Phosphorus, mmol/I 0.76 [0.72;0.83] 0.94[0.87;1.07] 0.001
[ ]

Magnesium, mmol/I 0.84[0.82;0.86] 0.80[0.77;0.84] 0.031

eGFR in CKD-EPI, ml/ 102 [95; 109] 100 [91; 108] 0.070
min/1.73 m?

ALP, U/I 76.0 [65.0;108] 42.0[36.0;56.0] 0.001
Osteocalcin, ng/ml 46.7 [41.0;546] 176[114;232] <0.001

25(OH)D, ng/ml 2051[16.6;22.2] 304[22.2;36.5] 0.004

Data are presented by medians and interquartile ranges (Median, IQR [25;75]%).
W-test: the Wilcoxon signed-rank

PHPT Primary hyperparathyroidism, PTH Parathyroid hormone, Ca,; Aloumin-
adjusted calcium, eGFR Estimated glomerular filtration rate, ALP Alkaline
phosphatase, 25(0OH)D 25 Hydroxyvitamin D

p<0.05 was considered statistically significant

insulin secretion in PHPT using indirect estimated indi-
ces (HOMA-IR, HOMA-B, QUICKI, ISI). It is assumed
that serum calcium level contributes to impaired insulin
sensitivity [3, 5, 6]. Some researchers demonstrated the
suppressed effect of PTH on glucose uptake by tissues

Table 4 The follow-up metabolic parameters of the PHPT group

Parameters PHPT group (n=17) p, W-test
Baseline After surgery

BMI, kg/m2 25.0[23.3;268] 253[238;27.5] 0.004

Fasting glucose, mmol/I 510[4.81;524] 4.69[4.48;5.00] 0.031

2-h glucose OGTT, mmol/l 551 [4.56;648] 548[4.74;7.22] 0379

HbATc, % 530 5.60[5.30;5.80] 0.001

[5.

Total cholesterol, mmol/l  4.89 [4.19; 5.59

LDL cholesterol, mmol/I 2901[2.50;3.64] 3.23[24;3.8] 0.381
4 1. 1.33[1.15;1.67] 0.795
61

1.22[0.93;1.63] 0278

14;1.76
02;1.35

]

]

]

10; 5.50]

]

]

HDL cholesterol, mmol/I ]
]

(
[
[
[
5081[45;561] 0246
[
[
[

Triglycerides, mmol/I

Uric acid, pmol/I 307 [254;357]  260[238;352] 0.044
Adiponectin, ug/ml 8.08[6.27;9.711 7.10[3.98;10.3] 0.059
Leptin, pug/I 10.8[4.36;17.6] 12.1[4.09;24.8] 0.123
M-value, mg/kg/min 5481[430;743] 6.17[4.56;6.90] 0.959
AUC C-peptide phase 1 63.2[47.5;735] 539[44.2;71.0] 0679
AUC C-peptide phase 2 161 [149; 193] 169 [139;196]  0.737
AUC IRl phase 1 657 [426; 862] 501[339;768] 0.163
AUC IRl phase 2 11211[917;1320] 982 [806; 1375] 0.044
Percent body fat, % 376[258:41.7) 31.7[225;37.1]1 0.266
Visceral fat area, cm? 88.1[56.6;140]  87.8[59.7,141] 0.149

Data are presented by medians and interquartile ranges (Median, IQR [25;75]%).

W-test: the Wilcoxon signed-rank

PHPT Primary hyperparathyroidism, BMI Body mass index, OGTT Oral glucose
tolerance test, HbATc Glycated hemoglobin, LDL Low-density lipoprotein, HDL
High-density lipoprotein, AUC Area under curve, IRl Immunoreactive insulin

p <0.05 was considered statistically significant
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[10, 11]. Cvijovic G. et al. used an euglycemic clamp in
patients with PHPT too but did not detect difference in
M-value and parameters of insulin secretion compared to
healthy controls [12]. Using a hyperglycemic clamp tech-
nique Prager R. et al. found that insulin secretion was
significantly elevated in patients with PHPT compared to
controls [13]. Unfortunately, we did not find any signifi-
cant correlations of PTH or other mineral markers and
M-value, IRI or C-peptide levels but it could be because
of the small sample size.

We also revealed dyslipidemia in more than half of
PHPT patients and especially higher serum triglycer-
ides compared to the control group. Hyperparathy-
roidism may impair the lipid elimination by decrease in
lipoprotein lipase activity [14].

There were no correlations between carbohydrate
metabolism parameters and serum calcium or PTH.
Probably there is nonobvious link between them
because follow-up in the post-surgical period showed a
decrease in fasting glucose.

There was a negative correlation between osteocalcin
level and PBF in our patients before surgery (accom-
panied with VFA). This is similar to Chinese study that
showed an inverse relationship between serum osteocal-
cin levels and VFA [15]. Gianotti L. et al. demonstrated
osteocalcin was negatively associated with fasting glu-
cose and positively associated with HOMA2-S% before
PTE. But after PTE osteocalcin levels had significantly
decreased, while HOMA2-S% did not change [16]. Men-
donga M. L. et al. did not observe associations between
osteocalcin and insulin, glucose levels, HOMA-IR in
PHPT group [17]. Therefore, the role of bone remodeling
in metabolic processes requires further investigation.

Despite the previously described changes of leptin
and adiponectin concentrations in PHPT [18-20], we
did not confirm them as well as a statistically significant
increase in uric acid compared to the healthy volunteers
[21]. Probably this is because of restricted sample size.

The studies demonstrated controversial effects of
PTE on metabolic parameters in PHPT [22-27]. Our
results are more consistent with data of the recent sys-
tematic review. PTE could improve glycemic parame-
ters (including insulin concentration) despite increased
BMI but not lipid exchange [28]. We also confirmed
the results of Prager R. et al., who did not observe the
difference in M-value but noted a decrease in insulin
secretion in patients with PHPT before and after sur-
gery [13] whereas Cvijovic G. et al. got opposite results
[12]. The differences are more likely determined by
various observation periods. We revealed the decrease
of uric acid level after surgery similar to results of the
meta-analysis [21].

Limitations of the study.



Bibik et al. BMC Endocrine Disorders (2023) 23:57

A 120
100
-
L
a
2 8
o
QJ
0
= 60
@
2
1
=
<<
20
0
PHPT group Control group
p =0.004
C 1200
1000
o 800 )
a
©
o
; 600 ‘
S L
=

200

PHPT group Control group

p=0.014

Page 8 of 9

B 300
250
o~
v
a
2 200
Q
GJ
2
2 150
v
i
© 100
5]
2
<
50
0
PHPT group Control group
p=0.027
D 2s00
2000 ‘
o~
L
@ 1500
£
o
e —T—
o 1000 | 1
2 R —— | |
< S
_—
500
0
PHPT group Control group
p =0.049

Fig. 5 The comparisons of serum C-peptide and IRl concentrations in patients with PHPT after PTE and the control group. U-test: the Mann-Whitney
test; p< 0.05 was considered statistically significant. AUC Area under curve, PHPT Primary hyperparathyroidism, /Rl Immunoreactive insulin

The limitations of our study are the small sample sizes.
Besides, we included 2 patients with MENI mutation
that itself may affect carbohydrate balance. Wijk J.P.H.
et al. supposed decreased IR and higher prevalence of
impaired fasting glucose were unrelated to MEN-1 mani-
festations [29]. Another limitation is conducting research
during COVID-19 pandemic. According to some stud-
ies, COVID-19 is associated with increased blood glu-
cose including people without pre-existing diabetes [30,
31]. The tendency to hyperglycemia because of transient
damage of pancreatic islets can persist after recovery
from the disease [31, 32]. In addition, COVID-19 pan-
demic affected the time of examination of patients after
surgery, which could also impact the results of the study.

Conclusion

Changes of bone and mineral parameters can lead to
metabolic disorders in young patients with PHPT. PHPT
is associated with IR, which is the main risk factor for
the severe carbohydrate and fat disorders. The tendency
to hypertriglyceridemia in patients with parathyroid
tumors compared to the healthy volunteers suggests the
contribution of disease to dyslipidemia. Remission of
PHPT could improve the carbohydrate and purine bal-
ance but further studies are required to clarify this fact.
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