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ABSTRACT

Aim: Primary hyperparathyroidism (PHP) is associated with systemic inflam-mation.
The effect of parathyroidectomy (PTX) on inflammatory markers is contro-versial.
The aim of our study was to investigate changes in inflammatory markers including
C-reactive protein (hs-CRP), platelet-to-lymphocyte ratio (PLR), and red cell
distribution width (RDW) before and after PTX.

Patients and Methods: PHP patients (n=55) and age and sex matched healthy
controls (n=50) were included in the study. The clinical and laboratory results of the
PHP and control groups were compared before PTX and 6-months after PTX.
Results: At baseline, serum hs-CRP (4.01+3.44 vs. 2.48+1.73 mg/L), PLR
(127.21£25.77 vs. 103.63+32.52), RDW (15.504£2.53 % vs. 13.49+0.70 %) values
were higher in the PHP group than in the control group (p<0.05). After PTX, hs-CRP
(3.5943.07 mg/L), PLR (123.03+31.94), RDW (14.25%1.51 %) values did not change
(p>0.05). Post-PTX hs-CRP, PLR, and RDW values were higher in the PHP group
than in the control group (p<0.05). PTH value was positively correlated with pre-PTX
hs-CRP (r2=0.377, p=0.001), PLR (r2=0.234, p=0.023), RDW (r2=0.296, p=0.004).
Conclusion: Before PTX, inflammatory markers were higher in PHP patients com-
pared with healthy controls. After PTX, the inflammatory markers did not significantly
decrease; however these postoperative markers were higher than controls. inflam-
mation occurs in PHP patients, and also shows a partial recovery from inflammation
despite successful surgery.

Keywords: primary hyperparathyroidism, platelet-to-lymphocyte ratio, red cell distri-
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Amag: Primer hiperparatiroidizm (PHP) sistemik inflamasyonla iligkilidir. Paratiroidek-
tominin (PTX) inflamatuar b elirtegler (i zerindeki e tkisi tartismalidir. Calismamizin
amaci, PTX dncesi ve sonrasi C-reaktif protein (hs-CRP), trombosit / lenfosit orani
(TLO) ve kirmizi hiicre dagilim genisligini (RDW) igeren inflamatuar belirteglerdeki
degisiklikleri aragtirmakti.

Hastalar ve Yontem: Calismaya PHP hastalari (n=55) ve yas ve cinsiyet
eslestiriimis saglikli kontroller (n=50) dahil edildi. PHP ve kontrol gruplarinin klinik
ve laboratuar sonuglari PTX'den 6nce ve PTX'den 6 ay sonra karsilastirildi.
Bulgular: Baslangicta, serum hs-CRP (4,01+3,44%e karsin 2,48+1,73 mg/L), TLO
(127,214£25,77’e karsin 103,63+32,52), RDW (15,50+2,53'e karsin 13,49+0,70 %)
degerleri PHP grubunda, kontrol grubundan daha yiksekti (p<0,05). PTX'ten son-
ra, hs-CRP (3,59+3,07 mg/L), TLO (123,03+31,94), RDW (14,25+1,51 %) degerleri
degismedi (p>0,05). PTX sonrasi hs-CRP, TLO ve RDW degerleri PHP grubun-
da, kontrol grubundan daha yiiksekti (p<0,05). PTH degeri, PTX oncesi hs-CRP
(r2=0,377, p=0,001), TLO (r2=0,234, p=0,023), RDW (r2=0,296, p=0,004) ile pozitif
olarak korele idi.

Sonug: PTX'den 6nce, PHP hastalarinda inflamatuar belirtecler saglikli kontrollere
kiyasla daha yiiksekti. PTX'ten sonra, inflamatuar belirtecler istatiksel anlamli azal-
madi; ancak bu ameliyat sonrasi belirtecler kontrollerden daha yilkseki. inflamasyon
PHP hastalarinda gérilir ve ayni zamanda basarili bir ameliyat olmasina ragmen
inflamasyondan kismen iyilesme gosterir.

Anahtar Sézcukler: primer hiperparatiroidizm, trombosit/lenfosit orani, kirmizi hiicre
dagilim genisligi, inflamatuar belirtegler, paratiroidektomi
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INTRODUCTION

nflammation has a role in the pathogenesis of
Icardiovascular disease, cancer, and aging [1].
Primary hyperparathyroidism (PHP) is the ele-
vation of serum calcium as a result of excessive
parathormone (PTH) production [2]. Inflammatory
disorders in the endocrine glands are mostly as-
sociated with functional disorders [3]. Hyperparat-
hyroidism increases systemic inflammation as a
result of direct or indirect abnormal calcium and
phosphate mechanisms [4]. Successful parat-
hyroidectomy cures the clinic findings of PHP;
however, the effect of parathyroidectomy on inf-
lammation remains unclear [5]. The reported ob-
servations are conflicting with unchanged [6,7] or
increased [8] levels of inflammatory markers after
parathyroidectomy.

Serum high-sensitivity C-reactive protein (hs-C-
RP), a low-grade inflammation marker, was found
to be positively correlated with serum PTH con-
centrations in patients with asymptomatic PHP
[9]. The platelet-to-lymphocyte ratio (PLR) and
red blood cell distribution width (RDW) are mar-
kers of inflammation that can be easily obtained
from the complete blood count (CBC) test. Serum
PTH elevation was reported to be associated with
increased inflammatory markers such as hs-CRP,
PLR, and RDW in the general population [1]. Se-
rum hs-CRP, PLR, and RDW were considered as
markers of inflammation [10,11]; however, there is
insufficient evidence on the relationship between
PLR and RDW and parathyroid adenoma. In our
study, we investigated the levels of inflammatory
markers including hs-CRP, PLR, and RDW in pa-
tients with PHP before and 6 months after parat-
hyroidectomy, and also compared these parame-
ters with those of a control group. We aimed to
show whether there was a relationship between
these inflammatory markers and parathyroid ade-
noma, and also to determine if there was an effect
of parathyroidectomy on these inflammatory mar-
kers in patients with PHP.

PATIENTS-METHODS

Patients with PHP who were treated in the Depart-
ment of Endocrinology and Metabolism, Ankara
Diskapi Training and Research Hospital, were en-
rolled in this study. Patients with PHP (n=55) and
age- and sex-matched healthy controls (n=50)

were included. Patients with elevated calcium con-
centrations with normal or high PTH values were
diagnosed as having PHP. All patients with PHP
underwent localization studies such as neck ultra-
sound, and Tc99-sestamibi and/or single-photon
emission-computed tomography. All patients un-
derwent parathyroidectomy. Parathyroid adenoma
was confirmed by a single group of pathologists.

Participants with missing clinical and biochemical
results were excluded from the study. Patients
with renal failure, liver disease, heart disease, au-
toimmune disease, infection, malignancy, parath-
yroid cancer, thyroid cancer, and pregnant women
were excluded from the study. None of the patients
were using steroids or immunosuppressive dru-
gs. Demographic findings, clinical features, and
preoperative biochemical results were compared
between control and PHP group. Clinical evalu-
ation and laboratory tests were compared before
and 6 months after parathyroidectomy. Body mass
index (BMI) was calculated as body weight (kg) /
height (m2). Office blood pressure (BP) was mea-
sured at the level of the heart with the patients in
the sitting position.

Serum albumin, total calcium, PTH, phosphorus,
creatinine, 250HvitD, CBC, glucose, high-den-
sity lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), total cholesterol,
triglyceride, and hs-CRP measurements of all par-
ticipants were performed after 12-hour fasting.
Plasma PTH measurements were performed using
an intact PTH assay (chemiluminescent immuno-
assay with an Immulite 2000; normal range 12-65
pg/mL)[12]. The albumin-corrected calcium value
was calculated using the following formula: albu-
min-corrected calcium = [0.8 x (4-serum albumin)]
+ serum calcium. PLR was calculated as the ratio
of platelet count to lymphocyte count.

Carotid artery intima-media thickness (CIMT)
testing is a noninvasive method used to detect
early atherosclerosis. CIMT is a measure of the
luminal-intima and media-adventitia interface of
common carotid artery and was assessed using
a B-mode imaging high-resolution ultrasound sys-
tem (EUB 7000 HV, Hitachi, Tokyo, Japan). Each
subject gave written informed consent in accor-
dance with the Declaration of Helsinki. The study
was approved by the Diskapi Teaching and Trai-
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ning Hospital Local Ethics Committee (24.8.2015-
18/31).

STATISTICAL ANALYSIS

Statistical analysis was performed using the SPSS
18.0 (SPSS, Inc.) software. Descriptive analyses
are expressed as meanzstandard deviation (SD)
and percentages (%). The Kolmogorov-Smirnov
or Shapiro-Wilk W test was used to assess the
normality of data distribution. The Chi-square
test was used for categorical variables. Student’s
t test was used to compare normally distributed
continuous variables or log-transformed variables
between two independent groups. The differences
between pre-operative and post-operative values
were compared using the paired-sample t-test.
Logarithmic transformation was used on continu-
ous variables that were not normally distributed.
Correlation analysis was performed using Spe-
arman and Pearson tests. Statistical significance
was defined as p < 0.05.

RESULTS

Sex distribution (female, 78.2% vs. 72.0%), and
mean age (51.85+10.21 vs 53.31+7.84 year)
were similar between the groups (p>0.05). BMI
(30.58+5.14 vs. 28.55+3.71 kg/m2) and BPs were
higher in the PHP group compared with the cont-
rol group (p<0.05). Patients with PHP had higher
concentrations of PTH, calcium, and ALP, where-
as phosphate and 25(OH) vitamin D values were
lower in comparison with the control group. Glu-
cose and lipid profiles were similar between the
groups (p>0.05). The characteristics of the control
and PHP group are shown in Table 1.

Inflammatory markers at baseline

Thewhitebloodcellcount(WBC)(6660.42+1492.96
vs. 7323.15£1882.67 x109/uL), and platelet count
(259.56+55.24 vs. 239.82+61.16 x103/uL) were
similar between the groups (p>0.05). The lympho-
cyte count was lower in the PHP group compared
with the control group (2.44+0.80 vs. 2.12+0.45
x109/pL, p<0.05). The PHP group had greater
PLR (127.21+25.77 vs. 103.63+£32.52) and RDW
(15.50£2.53 vs. 13.49+0.70%) values compared
with the control group (p<0.05). Serum hs-C-
RP (4.01+3.44 vs. 2.48+1.73 mg/L) and CIMT
(0.63%£0.12 vs. 0.58+£0.09 cm) values were higher

in the PHP group compared with the control group
(p<0.05).

Changes in inflammatory markers 6 months after
parathyroidectomy

Six months after parathyroidectomy, systolic BP,
serum PTH, and calcium values were decreased,
whereas serum phosphorous and 250H vita-
min D concentrations increased in patients with
PHP (p<0.05). Serum lipids, glucose, hs-CRP,
and CIMT did not change significantly after sur-
gery (p>0.05). Platelet count, lymphocyte count,
WBC, PLR, and RDW did not change significantly
after parathyroidectomy (p>0.05). Postoperative
hs-CRP, PLR, and RDW values were higher in pa-
tients with PHP compared with the control group
(p<0.05). Postoperative BMI, BP, and PTH values
were higher in patients with PHP compared with
the control group (p<0.05) (Table 1).

The serum PTH concentration was positively
correlated with preoperative hs-CRP (r2=0.377,
p=0.001), PLR (r2=0.234, p=0.023), RDW
(r2=0.296, p=0.004), and CIMT (r2=0.239,
p=0.021). PTH was not correlated with other inf-
lammatory markers including WBC, platelet count,
and lymphocyte count (p>0.05). Postoperative
PLR was positively correlated with the postope-
rative RDW value (r2=0.303, p=0.003). The cor-
relations between serum PTH and inflammatory
markers are shown in Table 2.

DISCUSSION

We observed an increase in novel inflammatory
markers PLR and RDW in patients with PHP com-
pared with the control group. Six months after pa-
rathyroidectomy, these inflammatory markers did
not significantly decrease; however, these posto-
perative markers were higher than in the healthy
controls. Our findings suggest that an inflamma-
tory state occurs in patients with PHP, and also
only partial reversal of the inflammation observes
despite successful surgery.

Previous studies have shown that surgery had no
effect on inflammation and cardiovascular risk in
patients with PHP [6,7,13], whereas others obser-
ved a partial reversal of systemic inflammation
[5,14]. The concentrations of CRP increase rapid-
ly after parathyroidectomy in short-term studies,
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Tablel. Characteristics of groups

Controls (n=50) Preoperative PHP (n=55) | Postoperative PHP (n=55) P* P+ P
BMI (kg/m2) 28.55+3.71 30.58+5.14 30.67+4.93 0.038 0.160 0.027
Systolic BP (mmHg) 120.15+10.54 136.67+15.61 129.87+14.79 0.001 0.001 0.001
Diastolic BP (mmHg) 77.56x5.07 84.07+7.19 81.70+7.91 0.001 | 0.057 | 0.005
PTH (pg/mL) 54.74+11.63 195.89+103.05 61.77+23.65 <0.001 | <0.001 | <0.001
Calcium (mg/dL) 9.37+0.36 11.04+0.69 9.50+0.49 <0.001 | <0.001 | 0.193
Phosphorous (mg/dL) 3.46+0.53 2.68+0.41 3.28+0.48 <0.001 | <0.001 | 0.095
Creatinine (mg/dL) 1.02+1.41 0.74x0.16 0.73+0.12 0.153 0.902 0.142
250HVitD (ng/mL) 17.41+10.96 15.63+13.30 30.82+16.62 0.493 0.001 0.001
hs-CRP (mg/L) 2.48+1.73 4.01£3.44 3.59+3.07 0.017 |0.291 | 0.049
WBC (x109/pL) 7323.15+1882.67 | 6660.42+1492.96 6724.14+1405.64 0.060 | 0.642 | 0.082
Platelet count (x103/pL) 239.82+61.16 259.56+55.24 260.66+57.49 0.106 0.554 0.125
Lymphocyte count (x109/pL) | 2.44+0.80 2.12+0.45 2.18+0.51 0.017 0.169 0.063
PLR 103.63+32.52 127.21+25.77 123.03+31.94 0.014 0.232 0.005
RDW (%) 13.49+0.70 15.50+2.53 14.25+1.51 0.018 0.324 0.004
Glucose (mg/d1) 87.77+7.35 89.96:8.55 88.51:8.06 0.198 | 0.235 | 0.648
Total cholesterol (mg/dL) 207.12+28.61 221.04+47.59 198.67+35.96 0.107 | 0.126 | 0.067
Triglyceride (mg/dL) 148.41+72.17 152.73+67.70 156.14+£90.95 0.768 0.639 0.661
HDL-C (mg/dL) 52.49+11.69 51.16+11.32 50.92+10.56 0.583 0.720 0.503
LDL-C (mg/dL) 123.51+22.24 124.52+31.68 130.44+31.61 0.866 0.116 0.243
CIMT (cm) 0.58+0.09 0.63+0.12 0.61+0.81 0.036 0.058 0.416

Abbreviations: BMI, body mass index; BP, blood pressure; PTH, parathyroid hormone; WBC, white blood cell count; hs-CRP, high sensitive C-reactive pro-
tein, PLR, platelet-to-lymphocyte ratio; RDW, red blood cell distribution width; CIMT, carotid intima-media thickness; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol.
p* preoperative vs control

p** preoperative vs postoperative

p*™* postoperative vs control

Data are presented as mean+SD.

which can be explained by tissue damage after
surgery [8]. Several studies reported patients with
PHP who were followed for 18 or 24 months af-
ter parathyroidectomy with no benefit of surgical
treatment observed on cardiovascular risk fac-
tors and inflammatory markers [6,7]. The levels
of RDW and PLR did not significantly decrease
6 months after parathyroidectomy; however, pos-
toperatively, these markers were high compared
with the controls in our study, which supports this
result. Parathyroidectomy develops a partial re-
versal of the inflammatory processes. Ogard et al.
reported that increased markers of inflammation
were observed in patients with PHP compared
with controls, but inflammatory markers and blood
pressure were not decreased after parathyroidec-
tomy, which supports our findings [6]. Parathyro-
idectomy made no significant improvement in the
inflammation marker concentrations. This result
may be explained by weight gain in patients un-
dergoing surgery. Patients with mild PHP had su-
bclinical inflammation and endothelial dysfunction
after parathyroidectomy, the inflammatory mar-

kers increased, whereas subclinical cardiac func-
tion decreased [13]. Chirstensen et al. reported an
increased inflammatory response in patients with
PHP and a partial reversal of the systemic inflam-
mation 6 months after parathyroidectomy, indica-
ting a partial resolution of the systemic inflammati-
on [5]. In the present study, the unchanged serum
concentrations of inflammatory markers indicate
that PHP is associated with inflammation that
persists at least for a year after cure of the pa-
rathyroid adenoma. The mechanisms behind the
unchanged inflammatory markers after parathyro-
idectomy have not yet been explained. Some inf-
lammatory processes recover after surgery, whe-
reas other pathways remain activated for as long
as 2 years after parathyroidectomy [7].

Increased concentrations of serum PTH were as-
sociated with cancer mortality among the general
older population [15]. An increased PTH concent-
ration is associated with low-grade inflammation
[1]. Cheng et al. showed that CRP, RDW, and PLR
values increased with increasing serum PTH con-
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centration in the general population [1]. Our study
is the first to show the relationship between pa-
rathyroid adenoma and hs-CRP, RDW, and PLR,
as a marker of inflammation. The increased con-
centrations of hs-CRP, PLR, and RDW in patients
with PHP compared with the healthy controls in
our study confirm the increased inflammation of
parathyroid adenoma. Systemic inflammation has
a role in the progression and recurrence of so-
lid tumors [16]. PLR and RDW values have been
shown to be associated with the diagnosis and
prognosis of several inflammatory disorders and
malignancies [11,17,18]. In patients with secon-
dary hyperparathyroidism, PLR and platelet count
decreased after parathyroidectomy; however, the-
se parameters were not significantly decreased in
recurrent or persistent hyperparathyroidism [4].
Low PLR values have been found in patients with
PHP, which is incompatible with our study [16].
A nonlinear relationship was found between PLR
and PTH due to the direct effect of PTH on plate-
let and lymphocytes [1]. In the general populati-
on, increased RDW was independently associa-
ted with high hs-CRP [18]. In our study, elevated
RDW and PLR correlated with increasing PTH and
hs-CRP values, similar to previous studies [1,18],
suggesting a positive relationship between incre-
asing PTH and inflammation.

Table 2.Correlation between serum PTH and inflammatory markers

Preoperative Postoperative

2 P 2 p
hs-CRP 0.377 0.001 0.156 0.144
WBC -0.113 0.277 -0.069 0.510
Platelet 0.099 0.343 -0.066 0.528
count
Lympho- -0.176 0.090 -0.122 0.246
cyte count
PLR 0.234 0.023 0.109 0.300
RDW 0.296 0.004 0.141 0.177
CIMT 0.239 0.021 0.240 0.022

Abbreviations: PTH, parathyroid hormone; WBC, white blood cell
count; hs-CRP, high sensitive C-reactive protein; PLR, platelet-to-lym-
phocyte ratio; RDW, red blood cell distribution width; CIMT, carotid
intima-media thickness.

Bolds presents significant p-value.

r2 presents correlation coefficient.

There may be a link between inflammation and pa-
rathyroid adenoma in the pathogenesis of this en-
docrine disorder. An upregulation of inflammatory
genes was found in adipose tissue obtained from

patients with PHP [19]. PTH induces the produc-
tion of interleukin (IL)-6 in osteoblasts and liver
cells. IL-6 regulates the synthesis of acute phase
protein production in the liver [1]. Several studies
have reported increased subclinical inflammati-
on in parathyroid adenoma [3,9]. Haglund et al.
found increased inflammatory infiltrates in the his-
topathology of parathyroid adenoma, which were
associated with an increase in serum PTH level.
This is explained as a cytokine-mediated chan-
ge in the endocrine activity of parathyroid tumor
cells [3]. Hyperparathyroidism increases systemic
inflammation as a result of an abnormal calcium
and phosphate mechanism [4]. PTH-lowering with
calcitriol treatment decreased inflammation and
contributed to lymphocyte modulation in patients
undergoing hemodialysis with secondary hyper-
parathyroidism [20]. Carcinogenesis causes ch-
ronic inflammation. In addition, inflammation and
carcinogenesis are related to impaired immunity.
The low lymphocyte number was correlated with
the suppression of immunity, thereby increased
PLR levels are related to low immunity levels in
patients with cancer [21]. Moreover, interferon-y—
mediated cellular immune activation occurs in
PHP [14]. Granulocyte and monocytes have PTH
receptors, which are down-regulated as a result of
increasing plasma PTH concentrations. The effe-
cts of PTH on the properties of lymphocytes and
abnormal PTH stimulation cause the development
of disturbances in the immune system. These
pathways are not fully explained in patients with
PHP, although their influence on inflammatory
markers have been reported in previous studies.
Six months after parathyroidectomy, the postope-
rative inflammatory markers PLR and RDW were
non-significantly reduced, but remained high com-
pared with the controls in the present study. This
result supports a partial recovery of the inflamma-
tory processes.

Serum hs-CRP, PLR, and RDW have been shown
to be indicators of inflammation [10,22]. The PLR
was positively correlated with hs-CRP [22]. The
PLR is a marker of systemic inflammation, which
determines the prognosis of neoplastic and car-
diovascular disease. It evaluates both thrombotic
and inflammatory pathways [1,11]. During sys-
temic inflammation, immune mediators are rele-
ased, subsequently megakaryocyte proliferation
increases the circulating platelet count. Platelets
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secrete thromboxane and other mediators, there-
by enhancing inflammation [1,4,11,22]. Chronic
inflammation is accompanied by reactive throm-
bocytosis. However, the lymphocyte count is an
indicator of physiologic stress, and is inversely
related to inflammation. A low lymphocyte count
is associated with increased inflammation [17].
RDW is a marker of malnutrition-inflammation sy-
ndrome. Zhang at el. reported that elevated RDW
presented the condition of inflammation and oxi-
dative stress [23]. An increase in RDW indicates
heterogeneity of cell size as anisocytosis [10].
RDW elevation is associated with cancer in the
general population, and its value is positively cor-
related with CRP. Inflammatory cytokines inhibit
erythropoietin-induced erythrocyte maturation,
which is reflected in increasing RDW [24]. Inflam-
mation and oxidative stress increase RDW values
by disrupting iron metabolism and reducing the
half-life of red blood cells [10,18]. The increased
postoperative PLR was positively correlated with
increased RDW values. Elevated PLR was also
positively correlated with increasing RDW, which
supports our findings [25]. We showed that RDW
and PLR value increased with increasing serum
hs-CRP and PTH concentrations in patients with
PHP compared with the control group, which me-
ans that PLR and RDW may be considered for
use as markers of inflammation in hyperparathy-
roidism [10].

In our study, the pathogenic mechanisms in the
increased inflammatory response in patients with
PHP have not been elucidated, thus further stu-
dies are required to evaluate this issue. The effect
of parathyroidectomy on inflammation in long-term
therapy was not investigated, and long-term stu-
dies after surgery are warranted to investigate this
further. This is also a retrospective and cross-se-
ctional study with a small sample size. These are
the limitations of our study.

CONCLUSION

Our study showed an increase in novel inflamma-
tory markers including PLR and RDW in patients
with PHP, confirming a general inflammatory sta-
te in patients with PHP. After parathyroidectomy,
these inflammatory markers did not decrease sig-
nificantly; however, the levels of these markers
were higher than in the control group, indicating

a partial recovery from the inflammatory respon-
se. Large population studies are needed to de-
monstrate the possible relationship between hy-
perparathyroidism and an inflammatory link and
to evaluate the effect of parathyroidectomy on inf-
lammation.

Abbreviations: BMI, body mass index; BP, blood
pressure; PTH, parathyroid hormone; WBC, white
blood cell count; hs-CRP, C-reactive protein, PLR,
platelet-to-lymphocyte ratio; RDW, red blood cell
distribution width; CIMT, carotid intima-media thi-
ckness; HDL-C, high-density lipoprotein choleste-
rol; LDL-C, low-density lipoprotein cholesterol.
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