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A b s t r a c t

Introduction: Primary hyperparathyroidism (PHPT) is associated with ad-
verse cardiovascular outcomes which may result from an increase in system-
ic inflammation. Previously we have shown that serum parathyroid hormone 
(PTH) levels are independently associated with inflammatory indicators. The 
neutrophil-to-lymphocyte ratio (NLR) is an inexpensive, widely available 
marker of inflammation. In the present study, we aimed to assess the longi-
tudinal changes in NLR before and after parathyroidectomy.
Material and methods: This retrospective study included 95 patients di-
agnosed with PHPT who underwent parathyroidectomy between 2006 and 
2016. Follow-up complete blood counts were available in 31 patients.
Results: At diagnosis, 43 (45%) patients presented with overt clinical symp-
toms and had higher serum calcium and PTH levels. Preoperative NLR was 
positively correlated with total white blood cell count (p = 0.001), serum 
calcium (p = 0.001), and PTH level (p = 0.013). The NLR was not associated 
with sex, age, comorbidities, or parathyroid weight. Among patients who 
were cured of PHPT, the median NLR decreased from 2.26 to 1.77 after para-
thyroidectomy (p = 0.037). There was no difference in hemoglobin, total 
white blood cells, or platelet count before and after surgery.
Conclusions: We found a positive correlation of preoperative NLR with calci-
um and PTH levels in PHPT patients. After curative parathyroidectomy, NLR 
modestly decreased without changes in other hematological parameters.

Key words: inflammation, neutrophil-to-lymphocyte ratio, parathyroid 
hormone, primary hyperparathyroidism, parathyroidectomy.

Introduction

Parathyroid hormone (PTH) plays an important role in the control of 
calcium homeostasis. Accumulating evidence suggests a complex inter-
play between inflammation and PTH regulation. Enhanced PTH secre-
tion has been observed in septic patients [1]. Furthermore, in the general 
population, serum PTH levels are independently associated with several 
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inflammatory markers [2]. It is well known that 
inflammation participates in the pathogenesis of 
cardiovascular events. Large community-based 
studies reported that PTH level was associated 
with the degree of atherosclerosis and the risk of 
clinically overt atherosclerotic disease [3]. None-
theless, it remains controversial whether PTH is 
an independent risk marker for cardiovascular 
disease [4, 5].

Primary hyperparathyroidism (PHPT) is the most 
common cause of outpatient hypercalcemia due to 
excessive PTH secretion from the enlarged para-
thyroid gland(s). Cardiac remodeling is common 
in patients with PHPT and is associated with low-
grade inflammation [6]. Even mild PHPT may be 
associated with subclinical carotid vascular man-
ifestations [7]. However, the reported effects of 
parathyroidectomy on inflammation are not con-
sistent across studies. Using S100A4 and the sol-
uble receptor sCD14 as surrogate markers, a Nor-
wegian study of 57 PHPT patients demonstrated 
that parathyroidectomy may partially reverse the 
systemic inflammation [8]. In contrast, a Swedish 
study reported that interleukin-6 (IL-6), C-reactive 
protein (CRP), and erythrocyte sedimentation rate 
increased 1 year after surgery in parallel with a de-
crease in cardiac function [9]. Although the dis-
crepancies may reflect heterogeneity among study 
populations, additional studies are warranted to 
determine the influence of surgical treatment of 
PHPT on systemic inflammatory status.

The neutrophil-to-lymphocyte ratio (NLR) is 
a  readily available and inexpensive biomarker of 
systemic inflammation [10, 11]. It has been shown 
that although total white blood cell count is an in-
dependent predictor of cardiovascular death or 
myocardial infarction, NLR has greater predictabil-
ity [12]. Subsequent studies confirmed that NLR 
is an independent predictor of short- and long-
term mortality in patients with acute coronary 
syndromes [13]. In addition, a high NLR is asso-
ciated with inferior survival in many solid tumors 
[14]. The aim of this study was to investigate the 
association of NLR with clinical and biochemical 
variables for testing the hypothesis that PHPT is 
related to the state of systemic inflammation. 
Furthermore, we evaluated the effects of parathy-
roidectomy on the longitudinal changes in NLR.

Material and methods

This study was a retrospective review of a pro-
spectively maintained database on all parathyroid 
procedures performed at MacKay Memorial Hos-
pital, Taipei, Taiwan. Institutional review board ap-
proval was obtained, with patient consent waived. 
Inclusion criteria were adult patients who under-
went initial parathyroidectomy for sporadic PHPT 
between 2006 and 2016. Patients with hereditary 

PHPT, including multiple endocrine neoplasia type 
1 and 2A, familial isolated hyperparathyroidism, 
and hyperparathyroidism-jaw tumor syndrome, 
were not included. Exclusion criteria included 
parathyroid carcinoma (n = 3), reoperative para-
thyroidectomy (n = 4), and chronic kidney disease 
stage 3 or higher (n = 2). Finally, 95 patients con-
stituted the study cohort.

The PHPT diagnosis was based on biochemical 
abnormalities characterized by the persistence 
of high normal or elevated calcium levels and 
non-suppressed serum PTH levels. Serum intact 
PTH (1–84) was measured as previously described 
[15]. All patients underwent neck ultrasonography 
and sestamibi imaging with or without single-pho-
ton emission computed tomography (SPECT) 
before surgery. Nearly one-half of patients were 
operated on for overt clinical symptoms, includ-
ing recurrent nephrolithiasis and fragility fracture. 
On rare occasions, patients presented with hyper-
calcemic crisis and were initially treated with ag-
gressive volume expansion and bisphosphonates. 
Thereafter, parathyroidectomy was performed on 
an elective basis. The indications for surgery in 
otherwise asymptomatic patients were according 
to the International Workshop guidelines if any 
one of the following criteria was fulfilled [16]: se-
rum calcium > 1 mg/dl upper normal limit; T-score 
< –2.5 by dual-energy X-ray absorptiometry; es-
timated glomerular filtration rate or creatinine 
clearance < 60 ml/min or reduced by > 30% from 
expected; and age < 50 years.

Data collected included patient demographics, 
laboratory studies, preoperative imaging studies, 
surgical approach, and postoperative outcomes. 
Patients routinely had complete blood counts with 
automated differential counts on the day before 
surgery. NLR was calculated as the neutrophil 
count divided by the lymphocyte count, both ob-
tained from the same blood sample [17]. Serum 
calcium and PTH levels were obtained on the first 
postoperative day. After the initial follow-up, se-
rum calcium and PTH levels were measured at  
6 and 12 months and then annually. Persistent 
PHPT was defined as hypercalcemia with in-
appropriately elevated PTH levels noted within  
6 months after parathyroidectomy. Patients were 
defined as having recurrent PHPT if hypercalcemia 
developed beyond 6 months after surgery.

Complete blood counts were not included in 
our routine follow-up examinations. We manually 
searched the hospital laboratory database for any 
complete blood counts available after postopera-
tive 6 months. Data which were obtained during 
the diagnosis and/or treatment for apparently 
infectious or inflammatory disorders were exclud-
ed. Postoperative NLR was calculated in the same 
manner as preoperatively.
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Statistical analysis

All results are expressed as median (interquartile 
ranges – IQR) for continuous variables and as the 
number of cases (percentage) for categorical vari-
ables. Data were analyzed using the c2 and Fisher’s 
exact tests when appropriate. Unpaired and paired 
continuous data were compared using the two-
tailed Mann-Whitney U and Wilcoxon signed-rank 
tests, respectively. Spearman’s rank correlation 
analysis was used to identify possible relationships 
among the variables [18]. Statistical analysis was 
performed using STATA statistical software package 
version 14.0 (StataCorp, College Station, TX, USA).

Results

The study cohort consisted of 95 consecutive 
PHPT patients who fulfilled the inclusion and ex-
clusion criteria. The median age at diagnosis was 
59 years (IQR: 51–67), and 72 (76%) were women. 
Comorbidities of the study cohort are shown in 
Table I. About one-third of patients had hyperten-

sion. Five patients had prior history of malignan-
cy, including breast cancer (n = 3), rectal cancer  
(n = 1), and melanoma (n = 1). A total of 43 (45%) 
patients presented with overt clinical symptoms, 
including nephrolithiasis (n = 32), fracture (n = 5), 
hypercalcemic crisis (n = 3), pancreatitis (n = 2), 
and stroke (n = 1). In general, symptomatic pa-
tients were younger and less likely to be female 
(Table II).

The serum calcium and PTH levels of the study 
cohort were 11.4 mg/dl (IQR: 10.7–12.2) and  
148 pg/ml (IQR: 113–264), respectively. As ex-
pected, symptomatic patients had higher calcium 
and PTH levels. Furthermore, PTH levels were pos-
itively correlated with serum calcium levels and 
negatively correlated with hemoglobin and phos-
phorus levels (Table III). There was no difference 
in biochemical parameters between genders. At 
surgery, 83 (87%) patients were found to have sin-
gle gland disease, while 12 (13%) had multigland 
disease. The median removed parathyroid weight 
was 586 mg (IQR: 313–1213). The parathyroid 
weight was closely correlated with preoperative 
PTH levels (Spearman’s rho = 0.589, p < 0.0001).

Preoperatively, the median white blood cell 
count for the entire group of patients was 7000/μl  
(IQR: 5700–8500). Two patients presented with 
mild leukocytosis (12 000 and 12 800/μl) before 
parathyroidectomy. The NLR at diagnosis was 
relatively low, with a median of 2.20 (IQR: 1.66–
2.81). There was no difference in NLR between 
patients with and without comorbidities (p = 
0.642), and symptomatic and asymptomatic pa-
tients had similar NLR values (p = 0.200). Overall, 

Table I. Comorbidities of the study cohort

Comorbidity Patient, n (%)

Hypertension 31 (33)

Diabetes mellitus 14 (15)

Malignancy 5 (5)

Chronic hepatitis 5 (5)

Hyperthyroidism 2 (2)

Systemic lupus erythematosus 1 (1)

Table II. Patient characteristics grouped by initial presentation

Parameter Asymptomatic (n = 52) Symptomatic (n = 43) P-value

Female, n (%) 44 (85) 28 (65) 0.027

Age [years] 62 (56–68) 56 (48–62) 0.003

Body mass index [kg/m2] 23.7 (21.3–26.3) 23.7 (22.0–27.1) 0.427

Body weight [kg] 58 (52–66) 60 (54–66) 0.244

Hemoglobin [g/dl] 12.8 (11.6–13.6) 13.6 (11.9–14.7) 0.025

White blood cells [/μl] 6650 (5950–7650) 7500 (5500–9000) 0.220

Platelet count [× 103/μl] 237 (174–272) 240 (194–296) 0.340

Serum calcium [mg/dl] 10.9 (10.7–11.6) 11.6 (11.0–12.5) 0.023

Serum phosphorus [mg/dl] 3.2 (2.8–3.4) 2.8 (2.6–3.3) 0.065

Parathyroid hormone [pg/ml] 131 (100–181) 189 (116–380) 0.030

Parathyroid weight [mg] 443 (266–980) 614 (367–2237) 0.187

Multigland disease, n (%) 6 (12) 6 (14) 0.724

Neutrophil-to-lymphocyte ratio 2.04 (1.59–2.62) 2.27 (1.78–2.86) 0.200

Data are given as frequencies (percentages) or medians (interquartile ranges).
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the NLR before parathyroidectomy was positively 
correlated with total white blood cell count (p = 
0.001), serum calcium (p = 0.001), and PTH level  
(p = 0.013). The associations of NLR with calcium 
and PTH levels are depicted in Figure 1. There was 
no correlation between NLR and sex (p = 0.178), 
age (p = 0.834), body mass index (BMI, p = 0.237), 
serum phosphorus level (p = 0.281), or parathyroid 
weight (p = 0.241). Of interest, the median NLR of 
single gland disease and multigland disease was 
2.21 and 1.68, respectively. The NLR of multigland 
disease was marginally lower than that of single 
gland disease (p = 0.054).

After parathyroidectomy, 4 (4%) patients were  
found to have persistent disease. Recurrent 
disease was identified in 1 patient. Follow-up 
complete blood counts (at least 6 months af-
ter surgery) were available in 31 (33%) patients. 
In a patient who had persistent disease but de-
clined reoperation, his NLR increased from 1.49 
before surgery to 2.26 at follow-up. For the re-
maining disease-free patients (n = 30), the me-
dian NLR at diagnosis and at follow-up was 2.26  

(IQR: 1.70–3.00) and 1.77 (IQR: 1.59–2.61), respec-
tively. As shown in Figure 2, postoperative NLR was 
significantly lower than preoperative NLR in pa-
tients who were cured of PHPT (p = 0.037). There 
was no difference in hemoglobin (p = 0.570), to-
tal white blood cells (p = 0.131), or platelet count  
(p = 0.505) before and after surgery.

Discussion

A number of observational studies have noted 
a  relationship between PTH levels and the pres-
ence of an inflammatory state [19]. In patients 
with PHPT, endothelium-dependent vasodilation 
could be impaired despite normal intima-media 
thickness [20]. It is therefore suggested that en-
dothelial dysfunction may contribute to increased 
cardiovascular morbidity and mortality in PHPT. 
Recently, Stamatelopoulos et al. reported that 
PHPT was an independent determinant of periph-
eral and aortic diastolic blood pressure [21]. How-
ever, the association with systolic blood pressure 
was lost after adjusting for CRP. This implies that 

Table III. Spearman rank correlation coefficients between clinical and laboratory parameters in 95 patients with 
primary hyperparathyroidism

Parameter BMI Hb WBC Platelets Ca P PTH NLR

Age 0.054 –0.379*** –0.060 –0.209 0.019 0.181 0.037 –0.023

BMI 0.224* 0.234* 0.081 0.036 –0.119 –0.005 –0.131

Hb 0.219* 0.252* –0.232* 0.001 –0.369** –0.185

WBC 0.364** 0.075 –0.008 –0.095 0.352**

Platelets 0.090 –0.063 0.060 0.078

Ca –0.328** 0.672*** 0.376**

P –0.337** –0.123

PTH 0.274*

BMI – body mass index, Hb – hemoglobin, NLR – neutrophil-to-lymphocyte ratio, PTH – parathyroid hormone, WBC – white blood cells. 
*Spearman’s correlation p < 0.05, **p < 0.01, ***p < 0.001.

Figure 1. Scatter plots of neutrophil-to-lymphocyte ratio (NLR) versus serum calcium (A; Spearman’s rho = 0.376, 
p = 0.001) and parathyroid hormone level (B; Spearman’s rho = 0.274, p = 0.013) in 95 patients with primary 
hyperparathyroidism
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PHPT may increase blood pressure through PTH 
and inflammatory-mediated mechanisms.

In the present study, we found that NLR was 
positively correlated with serum calcium and PTH 
levels. Our findings are partially consistent with 
those of Zeren et al. [22]. The authors noted that 
NLR had a better correlation with the parathyroid 
adenoma size than with PTH levels. However, we 
did not observe a  correlation between NLR and 
the parathyroid weight. The discrepancy may re-
sult from the fact that the authors included pa-
tients with parathyroid cancer (3 out of 32, i.e. 
about 9%), while we excluded such patients from 
the study. Furthermore, given the small volume of 
most parathyroid tumors, we believed that weight 
is a more accurate measure than the tumor diam-
eter. In addition, the authors employed the Pear-
son correlation test for the analysis of variables 
with apparently skewed distribution.

The benefits of surgery for patients with mild 
asymptomatic PHPT are still a matter of debate. 
Compared to active surveillance, we have shown 
that parathyroidectomy may be associated with 
better quality of life, especially in the emotional 
aspects of well-being [23]. Nonetheless, definitive 
evidence is still lacking to support the effective-
ness of parathyroidectomy in altering cardiovas-
cular outcomes in patients with asymptomatic 
PHPT [24]. Many studies have shown that success-
ful parathyroidectomy leads to an improvement in 
endothelial, vascular, and cardiac dysfunction in 
symptomatic and asymptomatic subjects [25, 26]. 
A recent meta-analysis further revealed that para-
thyroidectomy may reduce left ventricular mass 
[27]. By contrast, some investigators reported no 
significant differences in blood pressure, inflam-
mation parameters, and cardiovascular surrogate 
markers among mild PHPT patients randomized 
to either observation or surgery [28]. These con-
flicting results may be due to differences in the 
duration and severity of PHPT, and the length of 

follow-up. It is reasonable to hypothesize that mild 
PHPT may be associated with early and reversible 
alterations, while prolonged dysfunctions caused 
by more severe PHPT are resistant to surgical in-
tervention. In this regard, we noted a  small, but 
significant, decrease in NLR following parathyroid-
ectomy even though a substantial portion of our 
patients were clinically symptomatic at presenta-
tion. This is in keeping with the results obtained 
for parathyroidectomy performed for severe sec-
ondary hyperparathyroidism [29]. Future research 
is needed to examine whether our findings can be 
translated into more clinically relevant outcomes.

The mechanisms underlying PHPT-associated 
inflammation are not clear. The shoulder region 
of atherosclerotic plaques was characterized by 
strong immunostaining of PTH-related protein 
(PTHrP), the type 1 PTH/PTHrP receptor, and 
monocyte chemoattractant protein-1 [30]. Such 
expression was colocalized with inflammatory 
cells. Furthermore, the expression of the recep-
tor for advanced glycation end products (RAGE) 
as well as IL-6 was increased in umbilical vein 
endothelial cells following stimulation with clin-
ically relevant concentrations of PTH [31]. These 
observations suggest that PTH may have direct 
proinflammatory effects on the vasculature. 
Moreover, PTH regulates the hematopoietic niche 
by inducing hematopoietic cell expansion and mi-
gration [32]. Other indirect mechanisms may also 
be important in PHPT-associated inflammation. 
For example, circulating fibroblast growth fac-
tor 23 (FGF23) levels are increased in PHPT and 
decreased after parathyroidectomy [33]. Recent 
studies indicate that FGF23 possesses proinflam-
matory and immune-modulatory properties [34]. 
Adipose tissue is another possible factor medi-
ating the association between PHPT and inflam-
mation. Subcutaneous fat tissue from the neck of 
PHPT patients expressed increased levels of genes 
involved in immunity and inflammatory processes 
[35]. Several lines of evidence suggest that BMI 
and/or visceral adiposity are positively correlated 
with PTH concentrations [36, 37]. Nonetheless, we 
observed a weak correlation between BMI and to-
tal white blood cell count but not NLR in this study.

Another interesting finding in the present study 
was a  negative correlation between hemoglobin 
and PTH levels. This is in keeping with the experi-
ence of others [38]. Anemia is common in patients 
with symptomatic PHPT and may be associated 
with marrow fibrosis [39]. Although reversal of 
anemia and marrow fibrosis has been shown af-
ter parathyroidectomy, we found that hemoglobin 
levels did not significantly differ before and after 
surgery. Additionally, PHPT-associated thrombocy-
topenia has been reported in the literature [40]. 
In this regard, we did not detect an association 
between PTH and platelet count in the present 

Figure 2. Neutrophil-to-lymphocyte ratio (NLR) be-
fore and after curative parathyroidectomy in 30 pa-
tients with primary hyperparathyroidism

*Wilcoxon signed-rank test p < 0.05.
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study or any changes in the platelet count follow-
ing parathyroidectomy.

Consistent with previous reports [7, 8], wom-
en were more likely to have PHPT than men in 
this study. Although men had a higher incidence 
of clinical symptoms, both sexes had similar PTH 
levels and NLR at presentation. Limitations of our 
study include the small sample size and its retro-
spective nature. It should be borne in mind that 
this study is a  single-center study conducted in 
a medical center in Taiwan, where calcium screen-
ing is not included in routine biochemical tests. 
Thus, the percentage of asymptomatic PHPT pa-
tients would be lower than that of other countries. 
In addition, our study was limited by its relatively 
short follow-up period. The number of cases with 
persistent or recurrent PHPT was too small for  
statistical evaluation. Finally, vitamin D levels  
were not routinely determined in our patients. Vi-
tamin D deficiency is a potential confounding fac-
tor for some of the associations found in this study.

In conclusion, our study demonstrated a posi-
tive correlation of NLR with preoperative calcium 
and PTH levels in PHPT patients, suggesting the 
presence of an association between PHPT and sys-
temic inflammation. After curative parathyroidec-
tomy, NLR modestly decreased, without changes 
in other hematological parameters. Our findings 
support a  cause-and-effect relationship between 
PHPT and inflammation, and systemic inflamma-
tion may be reversible after prompt therapy.
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