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Background: The existing literature on the relationship of hyperparathyroidism
with both blood counts and biochemical indicators primarily comprises
observational studies, which have produced inconsistent findings. This study
aimed to evaluate the causal relationship between hyperparathyroidism and
blood counts and biochemical indicators.

Methods: Mendelian randomization (MR) analyses were conducted to investigate
the associations between hyperparathyroidism and the identified 55 blood
counts and biochemical indicators. The genome-wide association study
(GWAS) for hyperparathyroidism data was obtained from FinnGen, while the
GWAS:s for the blood counts and biochemical indicators were sourced from the
UK Biobank (UKBB).

Results: The MR analysis using the inverse-variance weighted (IVW) method
revealed potential causality between genetically predicted hyperparathyroidism
and seven out of 55 blood counts and biochemical indicators. These markers
include "Platelet count” (Beta = -0.041; 95% Cl: -0.066, -0.016; p = 0.001),
“Platelet distribution width (PDW)" (Beta = 0.031; 95% Cl. 0.006, 0.056; p =
0.016), "Mean platelet volume (MPV)" (Beta = 0.043; 95% CI: 0.010, 0.076; p =
0.011), "Vitamin D" (Beta = -0.038; 95% Cl: -0.063, -0.013; p = 0.003), "Calcium
(Ca®*)" (Beta = 0.266; 95% Cl: 0.022, 0.509; p = 0.033), “Phosphate” (Beta = -0.114;
95% Cl: -0.214, -0.014; p = 0.025), and "Alkaline phosphatase (ALP)" (Beta = 0.030;
95% ClI: 0.010, 0.049; p = 0.003).

Conclusion: The findings of our study revealed a suggestive causal relationship
between hyperparathyroidism and blood cell count as well as biochemical
markers. This presents a novel perspective for further investigating the etiology
and pathological mechanisms underlying hyperparathyroidism.
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Introduction

Hyperparathyroidism is caused by various factors that stimulate
the excessive secretion of the parathyroid hormone (PTH) from
parathyroid cells. This hormonal imbalance disrupts calcium (Ca*")
and phosphorus metabolism, resulting in symptoms such as bone
pain, fractures, urinary stones, and other conditions that
significantly impact patients’ quality of life (1, 2). The diagnosis
of hyperparathyroidism depends on auxiliary examinations such as
biochemical and ultrasound examinations. In recent years, there has
been an increase in the prevalence of hyperparathyroidism. This can
be attributed partially to regular monitoring of laboratory serum
Ca®" levels and the incorporation of serum Ca** and PTH testing
into osteoporosis screening protocols (3).

Primary hyperparathyroidism (PHPT) is the most prevalent
variant of hyperparathyroidism. PHPT ranks third among
endocrine disorders, following diabetes mellitus and thyroid
disease (4). In total, 85% of the subjects exhibited PHPT due to a
parathyroid adenoma (5). Tumor cells secrete bone marrow growth
factors, leading to an increase in neutrophil production, which can
be related to inflammation (6, 7). Neutrophils, in turn, secrete
cytokines, and cytokines can regulate the proliferation and invasion
of tumor cells (8-10). Additionally, tumor cells secrete cytokines
and growth factors that induce differentiation of megakaryocytes,
leading to enhanced platelet production (8). High levels of PTH in
hyperparathyroidism suppress hematopoiesis (11). Studies have
also revealed the significance of lymphocytes as anti-tumor cells.
A change in lymphocyte number has been observed in tumor
development, and their decrease may impact the response to
tumor cells (12, 13). Therefore, blood cells may contribute to the
pathogenesis of PHPT. There is limited research on blood counts
and hyperparathyroidism.

Blood counts and biochemical indicators are widely utilized as
biomarkers in the literature due to their ease of use and high patient
acceptance (14, 15). An increasing number of studies have identified
an association between PTH and blood counts as well as
biochemical indicators (16-18). However, discrepancies arise in
the conclusions derived from multiple studies investigating the
connection between PTH and blood counts as well as biochemical
indicators. For instance, Emam et al. demonstrated a substantial
correlation between serum PTH and C-reactive protein (19).
Conversely, another study presented contradictory outcomes (20).
Hence, additional investigations into the causal association between
PTH and blood counts as well as biochemical indicators
are necessary.

Abbreviations: PTH, parathyroid hormone; Ca**, calcium; MR, Mendelian
randomization; IVs, instrumental variables; SNP, single nucleotide
polymorphism; GWAS, genome-wide association study; LD, linkage
disequilibrium; MAF, minor allele frequency; IVW, inverse-variance weighted;
WM, weighted median; CI, confidence interval; FDR, false discovery rate; PDW,
Platelet distribution width; MPV, Mean platelet (thrombocyte) volume; ALP,
Alkaline phosphatase; PHPT, Primary hyperparathyroidism; CaSR, calcium-
sensitive receptor; BALP, bone ALP; iPTH, intact parathyroid hormone;
RANKIL, receptor activator of nuclear factor kappa-B ligand.
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Mendelian Randomization (MR) analysis represents an
approach that utilizes genetic variants linked to the exposures as
instrumental variables (IVs). Its primary aim is to evaluate possible
causal connections between the exposure and outcome (21, 22). MR
analysis relies on Mendel’s second law, which asserts that alleles
adhere to a principle of random allocation. This characteristic helps
mitigate biases stemming from confounding factors and reverse
causation, regardless of disease status involvement. This study
aimed to employ MR design to examine the presence of a causal
relationship between hyperparathyroidism and 55 blood counts and
biochemical indicators.

Methods
Study design

Single nucleotide polymorphisms (SNPs) are widely utilized as
IVsin MR, a method that estimates the causal relationships between
traits and diseases. In this study, we conducted MR analyses using
data from genome-wide association studies (GWAS) datasets to
examine the association between hyperparathyroidism as exposure
and 55 blood counts and biochemical indicators as outcomes.

Data sources

For our MR analysis, we utilized diverse sets of publicly
accessible summary data from GWAS. To meet the criteria of a
two-sample MR design, we sourced the exposure and outcome
variables from distinct European populations. We acquired
hyperparathyroidism GWAS data from FinnGen, which is a
biomedical research initiative in Finland (23). Moreover, we
retrieved summary statistics regarding 55 outcomes from the UK
Biobank (UKBB). Further information can be found in
Supplementary Table 1.

Statistical method

In our MR analysis, we employed specific criteria to select IVs:
(1) significant genomic-level association between IVs and exposure
(p< 5.00x10%), (2) independent selection of IVs achieved by
clumping within a 10 Mb window and low linkage disequilibrium
(R*<0.001), and (3) ensuring that minor allele frequency (MAF)
was greater than 0.01. The F-statistics are used to assess the strength
of IVs, with values exceeding 10 indicating a reduced risk of weak
instrument bias (24).

In our MR analysis, we primarily employed the inverse-
variance weighted (IVW) method as our main strategy. This
approach used inverse-variance based weighting, and constrained
the regression line intercept to cross zero (25). Furthermore, we
employed two additional methods — weighted median (WM) and
MR-Egger - as sensitivity analyses. The WM method maintains
its unbiasedness as long as less than 50% of the weight is derived
from unreliable instruments. MR-Egger does not make
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assumptions about the regression line intersecting at zero and can
be used to estimate potential horizontal pleiotropy (26). We
utilized data from MR-PRESSO analysis to identify and remove
potential outliers. Heterogeneity was evaluated using the
Cochrane Q value. Additionally, we assessed the robustness of
our findings by employing a leave-one-out strategy that examined
how each IV influenced the causal associations. For causal
estimations, we calculated beta coefficients along with their
corresponding 95% confidence intervals (CIs). To account for
multiple comparisons, we applied a false discovery rate (FDR)
threshold of 5%. All MR analyses were performed using the Two-
Sample MR package in R.

Results

In total, 8 distinct SNPs were identified as the genetic IVs for
hyperparathyroidism in our MR analyses based on the inclusion
and exclusion criteria, and the conditional F-statistics for the IVs
varied from 29.93 to 86.81, showing good instrument strength
(Supplementary Table 2).

The MR analysis using the IVW method revealed that genetically
predicted hyperparathyroidism showed potential causality with seven
out of 55 blood counts and biochemical indicators, including “Platelet
count” (Beta = -0.041; 95% CI: -0.066, -0.016; p = 0.001), “Platelet
distribution width (PDW)” (Beta = 0.031; 95% CI: 0.006, 0.056;
p = 0.016), “Mean platelet (thrombocyte) volume (MPV)” (Beta =

10.3389/fendo.2023.1295040

0.043; 95% CI: 0.010, 0.076; p = 0.011), “Vitamin D” (Beta = -0.038;
95% CI: -0.063, -0.013; p = 0.003), “Ca*™ (Beta = 0.266; 95% CI:
0.022, 0.509; p = 0.033), “Phosphate” (Beta = -0.114; 95% CI: -0.214,
-0.014; p = 0.025), and “Alkaline phosphatase (ALP)” (Beta = 0.030;
95% CI: 0.010, 0.049; p = 0.003) (Figures 1, 2; Supplementary
Table 3). Although none of these associations survived multiple
comparisons with 5% FDR, suggestive level of significance (p<0.05)
was observed. Using the MR-Egger and WM approaches, the
relationships between hyperparathyroidism and 7 of 55 blood
counts and biochemical indicators had the same direction except
for Vitamin D (Figure 2; Supplementary Table 3). Figure 3 displays
the scatter plot illustrating the causal relationships between
hyperparathyroidism and 7 blood counts and biochemical indicators.

The potential heterogeneity was also analyzed (Supplementary
Figure 1; Supplementary Table 4). The findings depicted in Figure 4
indicate that during a leave-one-out analysis, most individual SNPs do
not exert a substantial influence on the result. Nevertheless, it was
observed that the removal of certain SNPs in the analyses of Ca®" and
phosphate had an impact on the overall results. Notably, there was no
change in the direction of the results after removing these specific
SNPs. The causality analysis did not show significant evidence of
horizontal pleiotropy based on the examination of the MR-Egger
method’s intercept term (Supplementary Table 5). The MR-PRESSO
analysis identified outliers in several results, and all the results, except
the association of hyperparathyroidism with platelet distribution width,
remained significant at suggestive level of evidence after outlier
correction (Supplementary Table 6).
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FIGURE 1

The p-value distribution of associations between hyperparathyroidism and 55 blood counts and biochemical indicators in the Mendelian

randomization analysis. The dashed line represents the threshold of suggestive level of significance, set at p= 0.05.
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FIGURE 2
Associations between genetically predicted hyperparathyroidism and 7 blood counts and biochemical indicators examined by three MR methods.
MR, Mendelian randomization; IVW, inverse-variance weighted; WM, weighted median; Cl, confidence interval.
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FIGURE 3
Scatter plot showing the causal effects of hyperparathyroidism on 7 blood counts and biochemical indicators. SNP, single nucleotide polymorphism.
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FIGURE 4

Leave-one-out sensitivity analysis examining the causal estimates of hyperparathyroidism on 7 blood counts and biochemical indicators by the IVW
method after excluding a specific SNP from the analysis. The red line represents the IVW estimate of all SNPs on each outcome. MR, Mendelian
randomization; SNP, single nucleotide polymorphism; IVW, inverse-variance weighted

Additionally, we investigated reverse causality by considering
seven blood cell counts and biochemical indicators as potential
exposures, with hyperparathyroidism as the outcome. The results
indicated a suggestive causal relationship between ALP, Ca?t,
phosphate, and hyperparathyroidism (Supplementary Table 7).

Discussion

This study employed the MR approach to examine the
association between hyperparathyroidism and 55 blood counts and
biochemical indicators. The results revealed a suggestive causal
relationship between hyperparathyroidism and seven blood counts
and biochemical indicators (p<0.05). More specifically, it
demonstrated a suggestive negative causal correlation of
hyperparathyroidism with platelet count, vitamin D, and phosphate
levels (p<0.05). Furthermore, there were suggestive positive causal
associations observed between hyperparathyroidism and ALP along
with MPV, PDW, and Ca®" concentration (p<0.05).

Frontiers in Endocrinology
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Calcium and phosphate

This study uncovered a suggestive positive causal association
between hyperparathyroidism and serum Ca®* (p<0.05), as well as a
suggestive negative causal association with phosphate (p<0.05),
which aligns with prior research findings. Previous studies have
documented that PHPT is characterized by hypercalcemia and
elevated or abnormal PTH levels. Additionally, serum phosphate
levels in patients with PHPT are commonly low or abnormal and
demonstrate an inverse correlation with PTH levels (27). The
underlying mechanism may be the activation of the calcium-
sensitive receptor (CaSR) found on cell membranes. Ca®" is the
most sensitive ligand for the membrane-associated CaSR. Even
minor changes in Ca®" can activate the membrane-associated CaSR.
CaSR activation not only inhibits the secretion of PTH and the
expression of PTH genes but also suppresses the proliferation of
parathyroid cells (3). Phosphate directly stimulates parathyroid
hormone secretion by acting on CaSR (28). Additionally,
cinacalcet enhances the responsiveness of the CaSR to

frontiersin.org


https://doi.org/10.3389/fendo.2023.1295040
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Jiang et al.

extracellular Ca’", resulting in decreased PTH levels and
subsequently lowering serum Ca®* concentrations (29).

Vitamin D

This study discovered a suggestive negative causality between
hyperparathyroidism and vitamin D (p<0.05). This finding is
corroborated by previous research. A cross-sectional study revealed a
significant inverse association between serum 25-hydroxyvitamin D
(25-(OH)D) levels and PTH concentrations (30). Moreover, in an
additional randomized controlled trial, PTH levels exhibited a decrease
following vitamin D treatment in patients with PHPT (31). The
potential mechanism of action is the enhancement of CaSR
expression by vitamin D in parathyroid cells (32). CaSR is a G
protein-coupled receptor situated on the parathyroid gland and plays
a crucial role as a negative regulator of PTH secretion through its ability
to sense changes in serum Ca*" levels (33). This regulation is vital for
inhibiting excessive hyperplasia of the parathyroid glands. In summary,
upregulation of CaSR leads to increased sensitivity of PTH to
extracellular Ca*", ultimately resulting in decreased secretion of PTH.

ALP

This study identified a suggestive positive causal relationship
between hyperparathyroidism and ALP levels, which is consistent
with previous relevant studies. ALP is a glycoprotein that catalyzes
the hydrolysis of phosphomonoesters (34). ALP is classified into
different types based on its distribution: placental ALP, germ cell
ALP, intestinal ALP, and bone ALP (BALP) (35). The soluble BALP
has been proposed as a biomarker for bone formation (35). A
significant inverse relationship between PTH levels and ALP
activity was discovered in previous research in foals (36). However,
our findings contradict this, possibly due to inter-species variations.
In a cohort study, it was discovered that elevated serum intact
parathyroid hormone (iPTH) levels were an independent predictor
of increased ALP levels, and elevated ALP levels were an independent
predictor of high iPTH levels (37). Furthermore, an observational
study revealed a positive linear correlation between elevated PTH
levels and ALP levels. Moreover, ALP was identified as a strong and
statistically significant predictor of serum iPTH levels (38). The
underlying mechanism may be associated with the receptor
activator of nuclear factor kappa-B ligand (RANKL). Elevated
serum ALP levels lead to the binding of serum iPTH to osteoblasts
through the PTH receptor-1, which in turn stimulates an increase in
the expression of the RANKL receptor activator. Additionally, the
binding of RANKL to its receptor triggers the fusion of osteoclast
precursors, resulting in the formation of new osteoclasts (38).

Platelet

MPV, PDW, and platelet count are all parameters used to assess
platelet activity (39). This study establishes an association between
hyperparathyroidism and platelets. The study demonstrated a
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suggestive negative causal relationship between hyperparathyroidism
and platelet count, while also indicating a suggestive positive causal
relationship between hyperparathyroidism and both MPV and PDW
(p<0.05). In contrast to our study findings, a prior retrospective study
failed to identify a significant association between PTH and platelet
count (18). Being an observational design, it is unable to fully account
for potential confounding variables. MPV serves as an important
parameter indicating the average size of platelets. It reflects their rate
of generation and stimulation while functioning as a bioactive marker
(40). In a recent study conducted by Yilmaz et al,, it was found that
individuals with PHPT exhibited increased platelet activation (41).
Additionally, Irkorucu et al’s research demonstrated a significant
association between MPV levels and parathyroid adenomas, often
coexisting with hyperthyroidism (40). Moreover, Yilmaz’s
investigation reported positive correlations between MPV values
and PTH levels (r = 0.888; p < 0.0001) (41). PDW, an indicator of
platelet activation, is reflective of the variation in the size of circulating
platelets (39). PDW is obtained by analyzing the size distribution
curve of platelets, with the width at the 20% level being defined as
PDW (42). A retrospective study of patients with PHPT revealed a
significant elevation in the preoperative PDW value when compared
to both the postoperative period and control groups (43). These
outcomes are in line with what our study revealed. The association
between hyperparathyroidism and platelet count can be explained by
the potential mechanism of myelofibrosis induced by elevated levels of
PTH. Elevated PTH levels can directly stimulate bone marrow
fibroblasts or indirectly promote bone fibrosis by activating
osteoclasts and causing bone resorption (44). This process leads to
the release of cytokines, such as interleukin 6 and tumor necrosis
factor o, which can in turn impair the production and effectiveness
of thrombopoietin. Moreover, myelofibrosis in the bone marrow
can result in a decrease in total blood cell count (44). Given the
limited number of existing studies, further investigation is necessary
to fully understand the underlying mechanism connecting
hyperparathyroidism with MPV and PDW.

Strengths and limitations

This study exhibits several noteworthy strengths. Firstly, it utilized
a two-sample MR strategy to mitigate the impact of confounding
factors and reverse causality on the outcome. Secondly, it stands as the
first extensive investigation to date on the causal relationship between
hyperparathyroidism and a diverse range of blood counts and
biochemical indicators. Lastly, robust findings were achieved through
the utilization of recent and reliable GWAS summary statistics,
coupled with the implementation of multiple sensitivity analyses.

The study’s limitations should also be acknowledged. Firstly, the
MR analysis did not consider the influence of epigenetic factors,
specifically methylation, on the results. Furthermore, the interaction
between genes and environmental exposures may also affect the
association between hyperparathyroidism and blood counts as well
as biochemical indicators, potentially influencing the underlying
mechanisms of this association across different populations.
Secondly, the populations included in this study were exclusively
from Europe, which raises concerns about the potential for spurious
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associations if the results are extrapolated directly to other ethnic
groups. This is due to variations in trait distribution and allele
frequencies among populations. To enhance the generalizability of
the findings, future research should investigate potential causal
relationships in more ethnically diverse groups. Thirdly, the possible
premature death of some patients with hyperparathyroidism, resulting
from conditions such as cancer or uremia, may have made the
genotyping of SNP in these individuals impossible. Consequently,
the data in the GWAS became incomplete, introducing selection bias.
Fourthly, MR analysis assumes a linear correlation between exposure
and outcome. However, the relationship between exposure and
outcome can be non-linear, as seen in the inverse relationship
between 25 (OH) D concentration and PTH (45). This non-
linearity can introduce bias in the results of MR analysis. Fifthly,
although the study has identified a potential causal relationship
between hyperparathyroidism and the mentioned blood counts and
biochemical indicators, future validation through cohort studies or
clinical trials is necessary. Lastly, it is important to note that this study
does not provide definitive recommendations, but rather presents
certain trends. The study identified suggestive causation with a
significance level of p<0.05; however, these findings did not remain
significant after adjusting for multiple comparisons. Validation of the
findings through future studies with larger sample sizes is warranted.

Conclusion

The IVW analysis demonstrated a suggestive negative causal
association between hyperparathyroidism and platelet count,
vitamin D levels, and phosphate levels with a suggestive level of
evidence. Furthermore, a suggestive positive causal relationship
was observed between hyperparathyroidism and ALP, MPV, PDW,
and Ca®" concentrations. Our study offers a new direction for
investigating the etiology and pathological mechanisms underlying
hyperparathyroidism. Furthermore, additional research is warranted
to delve deeper into this topic.
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