Tsai et al. BMC Medicine  (2023) 21:249 BMC Medicine
https://doi.org/10.1186/512916-023-02946-z

RESEARCH ARTICLE Open Access

Investigating the risk of metabolic et

and cardiovascular comorbidities

among patients with parathyroid cancer:
a nationwide representative cohort study
in Taiwan

Ming-Chieh Tsai"*?, Min-Shu Hsu?, Hsin-Yin Hsu'?*, Tzu-Lin Yeh'®, Chun-Ju Chiang'”’, Wen-Chung Lee'"”%,
Jing-Rong Jhuang'”, Shih-Ping Cheng’, Po-Jung Tseng'® and Kuo-Liong Chien''"'%*

Abstract

Background This study aimed to determine whether primary parathyroid cancer patients were associated with increased
metabolic and cardiovascular comorbidities in comparison to the general population.

Methods We used the National Taiwan Cancer Registry Database to construct a cohort of patients with parathyroid
cancer from January 1, 2004, to December 31, 2019. We compared the incidence of hypertension, diabetes mellitus,
hyperlipidemia, atrial fibrillation, coronary heart disease, and heart failure with the general population matched based
on a propensity score in a one-to-five fashion.

Results A total of 72 parathyroid cancer patients and 360 matched general population (mean age: 55 years; 59%
women) were included, with different exclusive numbers for each metabolic and cardiovascular comorbidity cohort.
The number of cases based on a total of 2347.7 person-years of observation included 53 deaths, 29 hypertension, 9
diabetes, 13 hyperlipidemia, 10 atrial fibrillation, 18 coronary artery disease, and 13 heart failure. According to mul-
tivariate analysis, parathyroid cancer remained significantly associated with diabetes [hazard ratio (HR): 9.28; 95%
confidence interval (Cl): 1.72-50.07], hyperlipidemia (HR: 5.86; 95% Cl: 1.61-21.31), and heart failure (HR: 4.46; 95%

Cl: 1.18-16.84). Sub-distribution of competing mortality events and subgroup analysis showed robust evidence

of metabolic and cardiovascular comorbidities. This national cohort study demonstrated that adult parathyroid cancer
patients had a significantly higher incidence of diabetes mellitus, hyperlipidemia, and heart failure than the general
population.

Conclusions An increased risk of metabolic and cardiac comorbidities among parathyroid cancer patients required
great caution.
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Background

Parathyroid cancer is a rare malignant endocrine neo-
plasm that occurs in one case per 10 million people in the
USA [1] but has shown increasing incidence in the last
few decades [2]. Parathyroid cancer accounts for 0.005%
of all cancers and the 5-year and 10-year overall survival
rates range from 81 to 92% and 49 to 77%, respectively
[2-6]. Although patients usually undergo frequent sur-
gical interventions for multiple recurrences, there is
currently no universally recommended staging system,
standardized treatment or management protocol for
parathyroid cancer. There are several possible explana-
tions for this situation. First, despite initial clinical assess-
ment of rare parathyroid cancer, there may be insufficient
evidence for further analysis. Second, most cases are
confirmed only upon postoperative histological examina-
tion, as unclear pathophysiology limits preoperative and
intraoperative diagnosis [7]. Third, in contrast to most
cancers, survival is generally correlated with tumor size,
lymph nodes, and distant metastasis; however, the mor-
bidity and mortality rates from parathyroid cancer are
usually a consequence of metabolic complications rather
than tumor burden [8].

Patients with parathyroid cancer often have severe
hyperparathyroidism, and elevated serum parathyroid
hormone (PTH) levels (>tenfold) [9, 10], which leads to
marked hypercalcemia and clinical symptoms such as
fatigue, bone complications, renal manifestations, and
cardiac arrhythmia [11]. In addition to the typical target
organs regulated by PTH, the links between metabolic
and cardiac comorbidities and hyperparathyroidism are
conflicting. Research has revealed that primary hyper-
parathyroidism may be associated with higher insulin
resistance [12], elevated blood pressure [13], increased
body weight [14], abnormal lipid profile, severe coronary
artery calcification score, and myocardial infarction [15,
16], while other analyses refute the association between
hyperparathyroidism and metabolic and cardiovascu-
lar diseases [17-20]. Previous research has shown that
primary hyperparathyroidism may be associated with
hypertension, diabetes, and cardiovascular disease. Com-
pared to the general population, patients with primary
hyperparathyroidism were 3.1 and 2.64 times more likely
to develop hypertension and diabetes, respectively [21].

Hypercalcemia and insulin resistance are known con-
tributors to metabolic and cardiovascular diseases. Con-
sidering the rarity of parathyroid cancer cases and its
poor prognosis as a result of its concomitant association
with hypercalcemia, there remains a lack of evidence
on the long-term metabolic and cardiovascular conse-
quences of parathyroid cancer which requires further
attention. Hence, this nationwide representative cohort
study aimed to assess the link between parathyroid
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cancer and hypertension, diabetes, and hyperlipidemia
risk and evaluate chronic metabolic disease persistence
after adjusting for competing mortality events.

Methods

Study population and design

The National Taiwan Cancer Registry Database
(NTCRD), founded in 1979, is a population-based ret-
rospective cohort study based on a 97.8% representa-
tive sample of Taiwanese cancer patients. Details of
the NTCRD, its methods, and participants have been
previously reported [22]. The NTCRD has undergone
three revisions since inception and has merged with the
National Health Insurance Research Database (NHIRD)
and national death records. We used person-level lon-
gitudinal NHIRD registration and claims data between
January 1, 2004, and December 31, 2019.

Exposure

Patients were included in the study based on the diagno-
sis of parathyroid cancer (ICD-O-FT: 1941 during 2007—
2013; ICD-0-3 C750 during 2013-2018) from January
1, 2007, to December 31, 2018. We excluded patients
younger than 20 years of age, those who were diag-
nosed before January 1, 2007, and with missing age or
sex demographic information (Additional file 1: Fig. S1).
Individuals were matched based on variables including
age, sex, urbanization, occupation, and index year, com-
pleted in a one-to-five fashion. For the limited sample
size in our database, a total of 72 patients with parathy-
roid cancer and 360 sex-and age-matched general popu-
lation, we build six cohort according to various outcome
assessments to reduce the case number wasting. In each
cohort, we enrolled participants with and without para-
thyroid cancer and excluded pre-existing comorbidities
according to different ascertainment.

Outcomes

The primary outcomes included one hospitalization with
the first to fifth diagnosis of hypertension, diabetes melli-
tus, or hyperlipidemia, or one outpatient clinic with com-
bined anti-hypertension, anti-diabetes, or lipid-lowering
medications at least 7 days after the index date. Addition-
ally, primary outcomes included atrial fibrillation, coro-
nary artery disease, and heart failure according to once
hospitalization or twice outpatient clinical diagnoses.
The secondary outcomes were overall and cancer-spe-
cific mortalities. Study protocols and consent forms were
approved by the institutional review board at Mackay
Memorial Hospital. The requirement for informed con-
sent was waived due to de-identified data.
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Statistical analysis

NTCRD were analyzed from January 1, 2007, to Decem-
ber 31, 2018, and linked with NHIRD from January 1,
2004, to December 31, 2019. We compared patients
with primary parathyroid cancer with age, sex, occupa-
tion, geographic, and index year matched to the general
population during follow-up using two-tailed ¢-tests for
continuous variables and y* tests for categorical baseline
variables. Baseline characteristics during the pre-index
period were reported as proportions for categorical vari-
ables and as means with standard deviation (SD) for con-
tinuous variables. Survival probabilities were estimated
using the Kaplan—Meier method, and the log-rank test
was analyzed. As parathyroid cancer patients are at a
higher risk of mortality than non-parathyroid cancer
patients, the cumulative incidence function was plot-
ted based on the cumulative incidence competing risk
analysis.

We performed unadjusted and multivariable Cox pro-
portional hazards regression to estimate hazard ratios
(HRs) and 95% confidence intervals (CIs) with model
1 adjusted for age and sex reducing the incomplete-
matching bias. Further models were adjusted for each
outcome, including occupation (white collar, blue col-
lar, and other), urbanization, average monthly income
(<35,000 NTD, >35,000 NTD), chronic kidney disease,
nephrolithiasis, and osteoporosis. The fulfillment of pro-
portional hazards assumptions for the Cox model was
checked using standard methods, log (-log (survival func-
tion)). In addition, competing risk regression analyses
with the sub-distribution hazard model (Fine and Gray
model) were conducted using competing mortality.

To assess the risk of metabolic and cardiovascular
comorbidity progression, the incidence estimated in
different years since the parathyroid cancer diagno-
sis was stratified by outcome. To explore whether there
were contrasting finding within the parathyroid cancer
patients and general population, we performed subgroup
analyses assessing the metabolic and cardiovascular
comorbidities among patients stratified on age criteria
(<60 years vs > 60 years) and interaction products with
unadjusted and multivariable-adjusted models. A likeli-
hood ratio test of the interaction term was used to deter-
mine the modification of the association. We plotted the
progression of hazard ratio for all metabolic and cardio-
vascular comorbidities.

A sensitivity analysis was performed to assess the
metabolic and cardiovascular comorbidities among par-
athyroid cancer patients compared with the all-covariate-
matched general population, including original age, sex,
urbanization, occupation, and index year in model and
additionally average monthly income (0-34,999, > 35,000
NTD), chronic kidney disease (baseline present and
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absence), nephrolithiasis (baseline present and absence),
and osteoporosis (baseline present and absence). All
analyses were conducted with SAS, version 9.4 (SAS
Institute Inc., NC, USA) and STATA version 16 (Stata-
Corp LLC, TX, USA), using a 2-tailed test. Statistical sig-
nificance level was set at p <0.05.

Results
A total of 72 patients with parathyroid cancer and 360
sex- and age-matched general population>20 years of
age who were enrolled in the National Taiwan Cancer
Registry Database cohort from 2007 to 2019 participated
in the present study. According to various primary out-
come assessments, both the enrolled cohort with and
without parathyroid cancer had exclusive pre-existing
comorbidities. We included the study population with no
past specific comorbidities for each outcome. The final
number of patients with and without parathyroid can-
cer in the hypertension, diabetes, hyperlipidemia, atrial
fibrillation, coronary artery disease, and heart failure
cohorts were 45 and 340, 58 and 311, 68 and 330, 70 and
344, 69 and 335, and 64 and 307, respectively (Fig. 1).
Considering the interesting outcome of heart failure,
among the 64 primary parathyroid cancer patients and
307 individuals of the general population without pri-
mary parathyroid cancer, the mean (SD) age at the index
date was 55.6 (13.3) and 55 (13.1) years old, 38 (59.4%)
and 181 (59%) were women, and 42 (65.6%) and 222
(72.3%) resided in urban areas (Table 1). Patients with
parathyroid cancer were more likely to have chronic kid-
ney disease, nephrolithiasis, and osteoporosis (Additional
file 1: Table S1).

Association of primary parathyroid cancer and the risk

of metabolic and cardiovascular comorbidities

Figure 1 and Fig. S2 show the Kaplan—Meier curve for the
incidence of each outcome during the mean 4.8 years of
follow-up. Parathyroid cancer patients had a higher inci-
dence than those with no parathyroid cancer diagnosis
(Table 2) for diabetes mellitus (p <0.001), hyperlipidemia
(p=0.002), atrial fibrillation (p=0.034), coronary artery
disease (p<0.001), and heart failure (»=0.002). Cumula-
tive incidence plots after adjusting for competing mortal-
ity are shown in Fig. S3.

The univariate and multivariate analyses of meta-
bolic and cardiovascular comorbidities are presented
in Table 2. After adjusting for personal characteristics
and other chronic diseases, individuals with parathyroid
cancer showed 9.28 (95% CI: 1.72-50.07), 5.86 (95% CI:
1.61-21.31), and 4.46 (95% CI: 1.18-16.84) independent
odds of new-onset diabetes, hyperlipidemia, and heart
failure, respectively, compared to those without parathy-
roid cancer. Moreover, parathyroid cancer was associated
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Fig.1 A-D Kaplan-Meier curves of diabetes mellitus, hyperlipidemia, coronary artery disease, and heart failure cases between parathyroid cancer

patients compared with general population

with an increased risk of atrial fibrillation (HR: 3.81; 95%
CIL: 1.06-13.73) and coronary artery disease (HR: 4.74;
95% CI: 1.86—12.13) in partially adjusted models. Never-
theless, endocrinologic cancer was no longer significantly
associated with either atrial fibrillation (HR: 2.09; 95% CI:
0.46-9.59) or coronary artery disease (HR: 1.69; 95% CI:
0.5-5.63) after adjustment for chronic kidney disease,
nephrolithiasis, and osteoporosis (Fig. 2).

Likewise, the risk for total and cancer-specific mortality
was 3.49 (95% CI: 1.34-9.06) and 18.6 (95% CL: 4.2-82.4)
times significantly higher among parathyroid cancer
patients. Furthermore, the sub-distribution hazard ratios
demonstrated robust evidence after competing mortality
events, in which the incidental risk for diabetes mellitus,
hyperlipidemia, and heart failure significantly increased
(Table S3). Figure 3 reveals that the highest odds among
parathyroid cancer patients appeared within 6 years and
dramatically dropped after the sixth year. However, the
long-term trend for an association between parathyroid
cancer and comorbidities persisted for decades (Fig. 3
and Table S4).

Overall, the parathyroid cancer patients had higher car-
diometabolic incidence among both age < 60 or > 60 years
subgroup although the coronary artery disease risk was
lower among patients younger than 60 years old (HR,

0.33; 95% CI, 0.02-6.51) (P=0.012 for interaction) (Fig.
S4 and table S5). A sensitivity analysis was done and com-
patible with previous demonstration (Table S6). The odds
of metabolic and cardiovascular comorbidities among
parathyroid cancer patients were robust (Table S7).

Discussion

Our main finding from this 12-year observation of a
national parathyroid cancer cohort was that parathyroid
cancer was significantly associated with an increased
risk of diabetes mellitus, hyperlipidemia, and heart fail-
ure, independent of several chronic diseases adjusted and
death competing. Using Cox regression stratified by the
years since cancer diagnosis, our findings demonstrated
that the highest odds appeared within 6 years, and the
trend persisted for decades.

To our knowledge, our study is the first national pop-
ulation-based analysis to demonstrate evidence of an
association between parathyroid cancer and metabolic
and cardiovascular comorbidities. Although no previous
studies have examined the association among parathy-
roid cancer patients, the results are consistent with prior
investigations of the increased incidence of diabetes,
metabolic syndrome, obesity, and coronary artery disease
among individuals with primary hyperparathyroidism
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Table 1 Comparison of baseline characteristics between
adult parathyroid cancer patients and matching control group
exclusive preexisting heart failure cohort

Baseline Characteristics of adult parathyroid carcinoma and
matching controls

Patients Control group P value
(n=64) (n=307)
Women, n (%) 38 (594) 181 (59) 0.95
Age:
20-39 years old, n (%) 8(12.5) 40 (13) 0.96
40-59 years old, n (%) 41 (64.1) 200 (65.2)
>60 years old, n (%) 15(23.4) 67 (21.8)
Mean age, years old (SD) 55.6(13.3) 55(13.1) 0.77
Follow-up duration, mean 48 (3.1) 5834 0.03
years (SD)
Occupation
White collar, n (%) 27 (42.2) 141 (45.9) 0.66
Blue collar, n (%) 27 (42.2) 111 (36.2)
Other, n (%) 10(15.6) 55(17.9)
Urbanization (%) 42 (65.6) 222 (72.3) 0.28
Non-urbanization (%) 22 (344) 85 (27.7)
Month income
0-35,000 NTD, n (%) 54 (84.4) 247 (80.5) 047
>35,000 NTD, n (%) 10(15.6) 60 (19.5)
Chronic kidney disease, n (%) 44 (68.8) 38(124) <0.001
Nephrolithiasis, n (%) 22 (344) 18 (5.9) <0.001
Osteoporosis, n (%) 7(10.9) 13(4.2) 0.031

[23]. Observational studies have reported a 38.9%
increase in the prevalence of insulin resistance [12] and
an 8-59% increase in metabolic syndrome [16, 24] in
patients with primary hyperparathyroidism, compared to
the general population. Furthermore, other data includ-
ing systolic blood pressure, 24-h pulse wave velocity, 5.1-
fold positive coronary artery calcification score [25], and
left ventricular mass index were associated with serum
PTH level in patients with primary hyperparathyroidism
[26]. Current studies also demonstrated a significant like-
lihood of cardiovascular risk with a 3.5-fold odds ratio of
coronary artery disease [12] and stroke in patients with
primary hyperparathyroidism compared to the gen-
eral population. Our findings confirmed the association
between high PTH serum levels and the consequences
of metabolic and cardiac disorders. In contrast, previous
studies have shown an elevated prevalence of hyperten-
sion among patients with primary hyperparathyroidism
(OR: 1.2-1.5, p value<0.0001) as compared to the gen-
eral population [23], although this association was not
observed in our study. It is possible that the sample size
of our parathyroid cancer cohort was too small to dem-
onstrate a significant difference. Association between
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parathyroid cancer and coronary artery disease risk was
difference by age subgroup. However, wider confidence
intervals in relation to the estimate coronary artery dis-
ease might indicate the association instability and further
research would be warrant.

The role of parathyroid hormone levels in modulat-
ing human metabolism has generated intense research
interest, denoted by the plethora of mechanisms that
underpin various epidemiologic studies. For exam-
ple, one study reported that hyperfunction of PTH
induces reduction of insulin-stimulated glucose uptake
by decreasing GLUT4 expression and suppressing
insulin signaling [27]. A meta-analysis of 17 pooled
studies showed that individuals with primary hyper-
parathyroidism were 3.34 kg heavier in terms of body
weight (95% CI: 1.97—4.71) and had increased body mass
index of 1.13 kg/m? (95% CI: 0.28-2.55) compared to
the general population [14]. Although the link between
obesity and hyperparathyroidism is unclear, the current
study hypothesized that excess PTH reduces the adipo-
cyte lipolytic response to catecholamine by increasing
calcium influx. Another epidemiological study dem-
onstrated that elevated LDL/HDL ratio, elevated tri-
glyceride levels, and low HDL levels were significantly
associated with normo-calcemic hyperparathyroidism as
compared to the general population [28].

Numerous factors might explain the alternative physi-
ological effects on the heart by PTH. The PTH recep-
tor is found in cardiac myocytes, vascular smooth cells,
and endothelial cells. By direct vasorelaxant mechanism
on vascular smooth muscle, PTH could induce direct
vasodilation effects on vascular smooth cells [29]. Other
studies have shown that PTH accelerates the formation
of vascular atherosclerosis and remodeling by stimu-
lating vascular growth factors [30]. Severe excess PTH
results in left ventricular hypertrophy and remodeling by
numerous factors, such as increasing vascular calcifica-
tion, accelerating atherosclerosis, increasing chronotropy
and hypertrophy of cardiomyocytes, and overt metabolic
syndrome including insulin resistance, dyslipidemia,
and overweight [31]. Consequently, both hypercalce-
mia and metabolic syndrome can lead to cardiovascular
risk among patients with hyperparathyroidism. Addi-
tionally, the alternation of left ventricle mass thickening
and arrhythmia triggered by PTH hyperfunction results
in metabolic variables and cardiovascular risk as noted
in epidemiological studies. This is consistent with our
observation of significantly increasing long-term inci-
dence of diabetes, hyperlipidemia, and heart failure.

Our results have important implications for current
evidence regarding the clinical care of primary para-
thyroid cancer. From an endocrinological perspective,
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Hazard Ratio ( 95% Q)

no. of events (rate/1000 py)
Total Mortality 17 (46.9) 36 (17.9) B am— 3.49 (1.34-9.06)
Cancer mortality 12 (33.1) 10 (5) = 18.6 (4.2-82.4)
Hypertension 6 (29) 23 (20.7) - 1.52 (0.48-4.84)
Diabetes Mellitus 6(21.1) 3(2) g 15.18 (2.48-92.98)
Hyperlipidemia 6 (18.6) 7(3.8) ® 8.35 (2.1-33.25)
Atrial fibrillation 4(12.3) 6(3.1) S —— 2.51(0.53-11.97)
Coronary artery disease 8 (24) 10 (5.4) e — 2.13 (0.6-7.53)
Heart failure 6(19.5) 7{4.1) & 7.36 (1.66-32.67)

0

Decreased Risk

Increased Risk

Fig. 2 Multivariable-adjusted hazard ratios with 95% confidence interval of all cause and cancer-specific mortality, hypertension, diabetes,
hyperlipidemia, atrial fibrillation, coronary artery disease, and heart failure among parathyroid cancer patients compared with matching population
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7 8 9 10 11 12

Time since diagnosis (years)
Fig. 3 Estimated the Cox hazard ratios of parathyroid cancer with cardio-metabolic comorbidities stratified by time since diagnosis (years)

comprehensive consideration of metabolic and cardiac
complications, not only skeletal comorbidity, may pro-
vide pragmatic benefits to parathyroid cancer patients
and improve their long-term quality of life. Regarding
the pathophysiological reasons for the higher stand-
ardized incidence rate of diabetes, hyperlipidemia,
and heart failure among parathyroid cancer patients,
further epidemiological studies on the association

between PTH serum levels and insulin resistance, lipid
profile, and severity of endothelial calcification should
be conducted.

Strengths and limitations

This study had several strengths. The current study
represents the first evidence of long-term comorbidi-
ties among rare, primary parathyroid cancer survivors.
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Furthermore, in contrast to many previous primary
parathyroid cancer cohorts from a single medical insti-
tution, our cohort was from a national database with
comprehensive medical records before cancer diagnosis
and long-term follow-up.

This study has several limitations. First, there is lim-
ited clinical, biochemical, and cancer information,
including staging, first-time surgical treatment, chem-
otherapy, radiation use, hormone levels, body mass
index, lifestyle habits, and race. However, according
to comprehensive comorbidity information for both
patients and the matching population from the national
insurance database (which comprised 99% of citizens’
medical records), our studies corrected potential con-
founding factors to estimate more robust evidence.
Second, the observational cohort study design of our
research and the retrospective nature of data collec-
tion cannot be used to establish causality. Although our
investigation was the first report, further research is
still warranted. Third, there was a lack of sufficient evi-
dence to support lead-time bias in our study. Compared
to the general population, thyroid cancer patients seem
to visit outpatient clinics more frequently for follow-
up care, which may result in lead-time bias. However,
this potential concern may be ameliorated due to the
increasingly convenient and inexpensive medical health
care available in Taiwan and the fact that similar medi-
cal resources are available for both parathyroid cancer
patients and the general population. Finally, there were
several outcome variables in our studies which might
increase type 1 error. For the aim of our study investi-
gating the cardio-metabolic hazard ratio among a rare
disease, we classified the outcome into several diseases
for more detailed evidence. Further research should be
warrant for the causality.

Conclusions

In summary, the findings of this national cohort study
demonstrated that adult parathyroid cancer patients
had a significantly higher incidence of diabetes mel-
litus, hyperlipidemia, and heart failure than the general
population. Additionally, the evidence suggests that adult
parathyroid cancer survivors experience long-term met-
abolic and cardiovascular comorbidities; thus, further
research is warranted.

Abbreviations

Cls Confidence intervals

HRs Hazard ratios

NHIRD National Health Insurance Research Database
NTCRD National Taiwan Cancer Registry Database
PTH Parathyroid hormone

SD Standard deviation
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