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Abstract
We aimed to evaluate the correlation among serum parathyroid hormone (PTH) and slow-reflow during primary percutane-
ous coronary intervention (PCI) and prognosis in patients with ST-segment elevation myocardial infarction (STEMI). A 
total of 262 patients were enrolled and divided into a slow-reflow group (n = 61) and a control group (n = 201). PTH was 
an independent risk factor for slow-reflow (P < 0.05), and the regression model had good discrimination and calibration. 
ROC curve analysis showed that PTH (≥ 63.65 pg/ml) had a predictive value for slow-reflow (P < 0.001). During the 1-year 
follow-up, the patients were divided into a PTH-h group (≥ 63.65 pg/ml, n = 100) and a PTH-l group (< 63.65 pg/ml, n = 162). 
Readmission for HF was independently associated with PTH levels (P < 0.05). KM survival analysis suggested that PTH-h 
had a predictive value for MACEs, especially for readmission for HF (P < 0.05). PTH levels were associated with slow-reflow 
during PCI and MACEs during follow-up in patients with STEMI.

Keywords Parathyroid hormone · Acute ST-segment elevation myocardial infarction · Percutaneous coronary intervention · 
Slow-reflow · Major adverse cardiovascular events · Prognosis

Abbreviations
HF  Heart failure
ISR  In-stent restenosis
MACEs  Major adverse cardiovascular events
PCI  Percutaneous coronary intervention

PTH  Parathyroid hormone
RASi  Renin-angiotensin system inhibitors
STEMI  ST-segment elevation myocardial infarction
TIMI  Thrombolysis in myocardial infarction
UA  Unstable angina pectoris

Introduction

Acute myocardial infarction (aMI) is a life-threatening dis-
ease with a high mortality rate, and primary percutaneous 
coronary intervention (PCI) is an effective procedure for sav-
ing patients’ lives. However, slow-reflow often occurs during 
the operation, which greatly affects therapeutic effect and 
even prognosis [1]. The location of myocardial infarction 
(MI), such as anterior MI, infarction duration, diabetes mel-
litus (DM), and age are common risk factors for no-reflow 
and poor prognosis [2, 3]; however, these indicators often 
lack specificity, and some of them are not quantified. Thus, 
the identification of novel biomarkers that quantitatively pre-
dict adverse events is of great clinical significance. Recently, 
serum parathyroid hormone (PTH) has become a hot topic 
in cardiovascular research [4]. Studies have shown that PTH 
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can alter the intracellular and extracellular ionic calcium 
 (Ca2+) gradient and promote  Ca2+ influx, thereby enhancing 
myocardial contractility. Simultaneously, PTH can directly 
dilate the coronary arteries, increase blood flow, and alter 
the autorhythmicity of cardiomyocytes, thereby directly 
affecting cardiac function [5, 6]. However, under pathologi-
cal conditions, an elevated PTH level not only leads to cal-
cium overload and abnormal autorhythmicity of myocardial 
cells, inducing malignant arrhythmias [7, 8], it also leads to 
decreased coronary blood flow reserves and directly affects 
coronary microcirculation [9]. Serum PTH levels can also 
independently predict non-ischemic heart failure (HF) and 
overall HF, determine the timing of hospitalization and 
discharge, and can be used for risk stratification, individu-
alized treatment, and prognostication of patients with HF 
[10–13]. However, whether PTH can predict perioperative 
slow-reflow and long-term prognosis in patients with acute 
ST-segment elevation myocardial infarction (STEMI) after 
primary PCI has not been reported clinically.

Therefore, the present study aimed to investigate the 
association between serum PTH levels and perioperative 
slow-reflow, as well as long-term prognosis in patients with 
STEMI treated with primary PCI.

Methods

Patients

The clinical data of 300 consecutive patients with STEMI 
treated with primary PCI between January 2016 and Decem-
ber 2020 were collected and retrospectively analyzed, and 
STEMI was diagnosed based on typical characteristics, 
including ischemic chest pain, ECG changes, and increased 
troponin I levels, according to the European Society of Car-
diology guidelines for the diagnosis and treatment of acute 
STEMI [14]. Patients with intraoperative dissection, perfora-
tion, or other complications were excluded. Patients with a 
known medical history of thyroid diseases, primary hyper-
parathyroidism, chronic kidney disease, cancer, skeletal sys-
tem diseases, and chronic malnutrition diseases were also 
excluded. Ultimately, 262 patients were included in this study.

Based on the occurrence of slow-reflow during primary 
PCI, the patients were divided into two groups: slow-reflow 
group (n = 61) and control group (n = 201) for the study. 
A telephone or clinical follow-up was conducted on 262 
patients, and all patients were divided into the PTH-h group 
(n = 100) and the PTH-l group (n = 162) based on the opti-
mal PTH cutoff value for predicting slow-reflow. The major 
adverse cardiovascular events (MACEs) during the 1-year 
follow-up included cardiac death (n = 4), in-stent restenosis 
(ISR, n = 11), readmission for HF (n = 17), and recurrent MI 
or unstable angina pectoris (n = 23), except for patients with 

multi-branch lesions who were readmitted to elective PCI as 
planned after discharge.

Research Methods

Patient data regarding age, sex, height, weight, hypertension, 
DM, hyperlipidaemia, cigarette smoking status, and alcohol 
consumption were collected at admission. Systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) were 
measured in the catheterization laboratory before coronary 
angiography. Upon arrival at the emergency department, 
venous blood from patients with STEMI was collected imme-
diately for testing of the levels of blood cell count, serum cre-
atinine (Scr), electrolytes, admission blood glucose (ABG), 
C-reactive protein (CRP), troponin I, and PTH. Troponin 
I was assessed using a quantitative immunofluorescence 
method (troponin assay kit, Getein Biotechnology Co., Ltd.), 
and serum PTH levels were measured using chemilumines-
cence method. Access intact PTH assay is a paramagnetic 
microparticle chemiluminescent immunoassay that applies 
the access immunoassay system to quantitatively determine 
the levels of intact PTH in human serum and plasma. Blood 
sample collection and processing methods are as follows: 
5–10 ml of elbow vein blood was collected when the patient 
was admitted to the emergency department; as for the yellow-
headed tube (the serum tube containing coagulant and sepa-
rating gel), it was sent to the blood biochemical laboratory 
of our hospital. After centrifugation for 5 min at 3000 rpm/
min at 4 °C in a centrifuge (Baiyang Medical, Beijing Bai-
yang medical device Co., Ltd.), the test tube was stratified 
into serum, separating gel and blood clot from top to bottom. 
Determination of serum PTH is as follows: the blood bio-
chemical laboratory of our hospital is equipped with a full-
automatic chemiluminescence immunoanalyzer UniCel DxI 
(Beckman Coulter, Inc., brea, CA 92821, USA). After the 
intact PTH assay kit (Beckman Coulter, Inc., brea, CA 92821, 
USA) and the above samples to be tested were put on the 
machine, the serum PTH levels were determined. Depend-
ing on the patient’s wishes, N-terminal pro b-type natriuretic 
peptide (NT-proBNP) might have been assessed at the same 
time (NT-proBNP assay kit, Getein Biotechnology Co, Ltd.). 
In addition, total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), triglycerides (TG), lipoprotein(a), apolipoprotein 
A1, and apolipoprotein B were measured on fasting on the 
first day of admission using an automatic biochemical ana-
lyzer (Olympus, Japan). The estimated glomerular filtration 
rate (eGFR) was calculated using the following formula: 
eGFR (ml/min/1.73  m2) = (140 – age) × weight/0.818 × cre-
atinine concentration (µmol/l), and the value for women was 
scaled to 0.85. Body mass index (BMI) was calculated as 
weight (kg) divided by height (m) squared. Primary PCI was 
performed according to the standard PCI method by two or 
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more interventionalists familiar with the patient’s condition. 
The choice of thrombus aspiration and platelet glycoprotein 
IIb/IIIa receptor antagonist was determined by the operator 
according to the degree of thrombus loading. The diameter 
of the stent was selected according to the normal segment 
diameter of the culprit vessels (1–1.1:1). Nitroglycerin or 
sodium nitroprusside (100–200 µg) was routinely injected 
into the coronary artery after balloon dilation. The blood flow 
evaluation of infarct-related artery after stent implantation 
was performed according to the thrombolysis in myocardial 
infarction (TIMI) flow grade by two PCI experts [15]. TIMI 
grade 0 meaned no flow beyond the obstruction; grade 1 
referred to incomplete arterial visualization beyond obstruc-
tion, grade 2 referred to complete but delayed (more than 3 
cardiac cycles) arterial opacification, and grade 3 meaned 
complete and prompt arterial opacification [16]. In the pre-
sent study, TIMI grades 0–2 were classified as the slow-
reflow group, and TIMI grade 3 was classified as the normal 
flow group. The following information was recorded: time 
of onset-to-balloon, coronary angiography-related param-
eters such as the number of diseased vessels, site of MI (left 
main stem, left anterior descending, left circumflex branch, 
right coronary artery), stent length and internal diameter, 
post-dilation frequency, and coronary blood flow in the 
infarct-related artery after primary PCI. In patients with no 
contraindications, aspirin (300 mg, followed by 100 mg per 
day), ticagrelor (180 mg, followed by 90 mg twice a day), 
β-blockers, statins, and renin-angiotensin system inhibitors 
(RASi) were administered. All patients were followed up in 
the clinic or by telephone after discharge.

Calibration Procedures and Blinding

Quality control of biochemical analyzer, chemiluminescence 
analyzer, and immunofluorescence detector was performed 
every day to ensure that the results were in control, and then 
the samples could be tested. Calibration was performed after 
out-of-control, batch number change, and/or instrument main-
tenance to ensure that the results were in control, and then the 
samples could be tested. Regularly participated in municipal, 
provincial, and national Clinical Laboratory Center external 
quality assessment, and the results were all qualified. The detec-
tion of imaging equipment referred to the Verification Regula-
tion of Medical Diagnostic X-ray Radiation Source for Medi-
cal Digital Subtraction Angiography (JJG 1067–2011), and the 
equipment stability detection cycle was once every month.

In present study, the TIMI blood flow evaluators were 
unaware of the patient’s clinical information; the data of 
patients during hospitalization was obtained by a des-
ignated data collector, and MACEs during follow-up 
were obtained by the other dedicated data collector by 
reviewing hospital databases and outpatient follow-up 
records and/or by contacting patients or their families via 

telephone. None of the above personnel was involved in 
the final statistical analysis.

Statistical Analysis

Continuous variables were expressed as means and stand-
ard deviations or medians and quartiles, and differences 
between groups were compared using analysis of vari-
ance and the least significant difference test. Categorical 
variables were expressed as frequencies and percentages, 
and differences between groups were compared using the 
chi-square test. Logistic regression models were used to 
analyze whether PTH levels were related to the occur-
rence of slow-reflow during primary PCI. Receiver oper-
ating characteristic (ROC) curves were used to evaluate 
the predictive value of PTH for slow-reflow, and the best 
PTH cutoff point was determined by selecting the sum of 
maximum sensitivity and specificity. Multivariate logistic 
regression analysis and 1000 repeated bootstrap valida-
tions were performed to explore the correlation between 
PTH levels and adverse cardiovascular events during fol-
low-up. To further explore the role of slow-reflow in the 
correlation between PTH levels and adverse cardiovas-
cular events during follow-up, mediating effect analysis 
was performed. Kaplan–Meier survival curves were used 
to evaluate the prognostic value of PTH. The level of 
statistical significance was set at P < 0.05. All statistical 
analyses were performed using SPSS software (version 
20.0; Chicago, IL, USA).

Fig. 1  Flowchart of enrollment
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Results

Patient Characteristics

Three hundred cases of acute STEMI were initially col-
lected, of which four did not undergo coronary angiogra-
phy due to advanced malignancy; six did not receive PCI 
treatment due to diffuse coronary artery disease, of which 
four died during hospitalization; two converted to coronary 
artery bypass grafting surgery, and one died due to pericar-
dial effusion during PCI. Twenty-two patients had chronic 
diseases listed in the exclusion criteria, and five refused to 
sign informed consent. A total of 262 patients (222 males 
and 40 females, mean age 58.2 ± 13.5 years) were included. 
A flowchart of the enrollment process is shown in Fig. 1. All 

patients received dual antiplatelet therapy, statins, RASi, and 
β-receptor antagonists, except for three patients who did not 
receive RASi treatment due to intolerance to blood pressure. 
The median follow-up period was 709 days.

Serum PTH and Slow‑Reflow During the Operation

General Data Pairwise Comparison

According to whether slow-reflow occurred during the oper-
ation, the patients were divided into two groups, which were 
named the slow-reflow group (n = 61) and the control group 
(n = 201). The patients in the slow-reflow group were older, 
had more smokers and diabetics, and had significantly higher 
ABG, PTH, eGFR, and other indicators than those in the 

Table 1  Comparison of clinical 
and biochemical parameters 
between slow-reflow group and 
control group

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, PTH parathyroid hor-
mone, cTnI cardiac troponin I, NT-proBNP N-terminal pro-brain natriuretic peptide, Scr serum creatinine, 
eGFR estimated glomerular filtration rate, ABG admission blood glucose, CRP C-reactive protein

Control group (n = 201) Slow-reflow group (n = 61) Χ2/T/Z P

Age (years) 56 (47, 66) 64 (54.5, 75)  − 3.227 0.001
Male, n (%) 175 (87.1) 47 (77.4) 3.629 0.057
Hypertension, n (%) 118 (58.7) 34 (55.7) 0.169 0.681
Diabetes, n (%) 26 (12.9) 16 (26.2) 6.144 0.013
Dyslipidemia, n (%) 26 (12.9) 10 (16.3) 0.074 0.785
Smoking, n (%) 145 (72.1) 35 (57.3) 4.743 0.029
Drinking, n (%) 24 (11.9) 11 (18.0) 1.501 0.221
BMI (kg/m2) 24.14 (22.49, 25.65) 24.21 (22.56, 25.33)  − 0.217 0.828
SBP (mmHg) 126.0 (118.0, 140.0) 124.0 (110.0, 140.0)  − 0.778 0.437
DBP (mmHg) 78.0 (70.0, 85.5) 71.0 (68.0, 81.0)  − 1.384 0.166
Procedure parameters

  Thrombus aspiration, n (%) 60 (29.9) 23 (37.7) 1.334 0.248
  Tirofiban, n (%) 82 (40.8) 32 (52.5) 2.590 0.108
  Onset-to-balloon (hours) 3 (2, 4) 3 (2, 4.5)  − 1.766 0.077
  Stent diameter (mm) 3 (2.75, 3) 3 (2.75, 3)  − 1.192 0.233
  Post-dilation frequency (n) 3 (2, 4) 3 (2, 5)  − 0.72 0.472
  Stent length (mm) 36 (28, 51) 36 (28, 57.5)  − 1.059 0.29
  Number of diseased coro-

nary arteries (n)
2 (1, 2) 2 (1, 2.5)  − 1.767 0.077

Biochemical parameters
  PTH (pg/ml) 49.70 (38.0, 64.55) 76.60 (65.35, 92.95)  − 6.248  < 0.001
  cTnI (ng/ml) 0.100 (0.012, 1.127) 0.100 (0.021, 0.648)  − 0.179 0.858
  NT-proBNP (pg/ml) 292.0 (99.0, 649.0) 300.0 (110.5, 1285.0)  − 1.745 0.081
  Hemoglobin (g/l) 140.0 (127.0, 152.5) 141.0 (128.5, 152.5)  − 0.084 0.933
  Platelet (×  109/l) 208.0 (169.0, 241.5) 208.0 (167.0, 239.5)  − 0.014 0.988
  Scr (umol/l) 71.0 (62.0, 80.0) 70.0 (59.5, 86.0)  − 0.127 0.899
  eGFR (ml/min/1.73m2) 100.28 (81.39, 126.10) 89.80 (67.13, 114.16)  − 2.23 0.026
  Ca (mmol/l) 2.15 (2.09, 2.24) 2.14 (2.02, 2.22)  − 1.494 0.135
  Mg (mmol/l) 0.85 (0.79, 0.90) 0.8 5(0.80, 0.89)  − 0.625 0.532
  P (mmol/l) 0.91 (0.81, 1.04) 0.90 (0.82, 1.05)  − 0.165 0.869
  ABG (mmol/l) 5.76 (5.14, 6.85) 6.56 (5.51, 8.30)  − 2.795 0.005
  CRP (mg/l) 7.3 (3.2, 18.7) 7.4 (2.6, 28.0)  − 0.361 0.718



661Journal of Cardiovascular Translational Research (2024) 17:657–668 

1 3

control group (P < 0.05). There were no significant differ-
ences between the two groups in terms of gender ratio, diam-
eter of lesion vessels, number of lesion vessels, BMI, SBP, 
DBP, hemoglobin, platelet, Scr, calcium, magnesium, phos-
phorus, CRP, cTnI, NT-proBNP, time from onset to recanali-
zation, medication, thrombus aspiration, stent parameters, 
and postoperative dilatation frequency (P > 0.05), as shown 
in Table 1.

Logistic Regression Analysis

According to the general data comparison results, we 
used P < 0.1 as the criterion and included significant 
parameters in the univariate logistic regression analysis 
of general data comparison (gender, diabetes, smoking, 

age, reperfusion time, number of lesion vessels, PTH, 
NT-proBNP, eGFR, ABG). The results showed that age, 
ABG, smoking, admission PTH, eGFR, and diabetes were 
risk factors for slow-reflow during primary PCI (P < 0.05). 
Using P < 0.1 as the criterion, we tested for collinearity 
among the significant parameters in the univariate logistic 
regression analysis and found that there was no multicol-
linearity between variables (tolerance much greater than 
0.1, variance inflation factor less than 10). Subsequently, 
we performed multivariate logistic regression analysis, 
and the results showed that age (OR = 1.031; 95% CI, 
1.007–1.057), PTH (OR = 1.022; 95% CI, 1.012–1.032), 
and ABG (OR = 1.14; 95% CI, 1.014–1.282) were inde-
pendent related factors for slow-reflow during primary PCI 
(P < 0.05), as shown in Table 2.

Table 2  Univariate and 
multivariate logistic regression 
analysis of factors affecting 
slow-reflow phenomenon in 
primary PCI procedure

PCI percutaneous coronary intervention, DM diabetes mellitus, PTH parathyroid hormone, eGFR esti-
mated glomerular filtration rate, ABG admission blood glucose

B SE OR (95% CI) P B SE OR (95% CI) P

Age 0.038 0.012 1.039 (1.015–1.063) 0.001 0.031 0.012 1.032 (1.007–1.057) 0.012
Male  − 0.696 0.37 0.499 (0.242–1.030) 0.06
Smoking  − 0.654 0.303 0.520 (0.287–0.941) 0.031
DM 0.873 0.359 2.393 (1.184–4.837) 0.015
PTH 0.023 0.005 1.023 (1.013–1.033)  < 0.001 0.022 0.005 1.022 (1.012–1.032)  < 0.001
eGFR  − 0.01 0.005 0.99 (0.98–1.00) 0.049
ABG 0.144 0.057 1.154 (1.033–1.290) 0.011 0.131 0.06 1.140 (1.014–1.282) 0.029

Fig. 2  Discrimination ROC graph and calibration graph of multivari-
ate logistic regression analysis of slow-reflow. A Model discrimina-
tion ROC graph; B model calibration graph: sort the predicted prob-
abilities of each research object from small to large and divide them 
into ten groups according to decile. The actual observation value 

and model predicted value of each group are expressed in the form 
of coordinate points, and the model calibration ability is judged as 
a whole. The closer the predicted curve is to the actual observation 
curve, the better the calibration capability of the model is
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Model Discrimination Test Prediction model ROC curve (the 
area under the curve (AUC) = 0.775; 95% CI, 0.71–0.841, 
P < 0.01): AUC > 0.75 indicates that the predictive model 
has good discriminative ability.

Model Calibration Test The Hosmer and Lemeshow test was 
used to assess the calibration ability of the prediction model, 
and the results showed that Hosmer–Lemeshow Χ2 = 11.949, 
P = 0.154 (> 0.05), indicating that there was no significant 
difference between the predicted values of the model and the 
actual observed values, and the predictive model has good 
calibration ability (Fig. 2A and B).

ROC Curve Analysis

The ROC curves revealed that PTH level of ≥ 63.65 pg/ml 
is optimal for the prediction of slow-reflow during primary 
PCI, with sensitivity of 78.7%, specificity of 74.1%, and 
AUC of 0.764 (95% CI, 0.695–0.833; P < 0.001) (Fig. 3).

PTH and Prognosis During follow‑up

According to serum PTH levels on admission, all patients 
were divided into two groups: PTH-l group (PTH < 63.65 pg/
ml, n = 162) and PTH-h group (PTH ≥ 63.65 pg/ml, n = 100). 
The number of patients with hypertension and hyperlipi-
demia in the PTH-h group was higher than that in the PTH-l 
group (P < 0.05). In terms of discharge medication, the usage 
rate of furosemide and spironolactone in the PTH-h group 

was higher than that in the PTH-l group, and the PTH-h 
group had significantly higher age, Scr, HDL, CRP, and 
other indicators than the PTH-l group, and the difference 
was statistically significant (Table 3).

Multivariate Logistic Regression Analysis and 1000 
Repeated Bootstrap Validations

Using adverse cardiovascular events (cardiogenic death, 
ISR, and readmission for HF, recurrent MI or UA) dur-
ing follow-up as covariates and PTH-h as the dependent 
variable, logistic regression analysis was performed to 
explore the correlation between PTH levels and differ-
ent outcome events. Since there was high multicollinear-
ity between MACEs and the individual covariates men-
tioned above, MACEs were not included as covariates. 
The multivariate logistic regression analysis showed that 
readmission for HF during follow-up (OR = 6.173; 95% 
CI, 1.878–20.29, P < 0.001) was independently associ-
ated with elevated PTH levels (Table 4). We subsequently 
adjusted for patients’ baseline characteristics, discharge 
medication status, and statistically significant parameters 
(P < 0.05) between the PTH-h and PTH-l groups, and the 
results all showed that readmission for HF during follow-
up was independently correlated with elevated PTH levels 
(all P < 0.05, Table 4). We then performed 1000 repeated 
bootstrap validations for all four models, and the results 
also showed that readmission for HF during follow-up 
was independently correlated with elevated PTH levels 
(Table 5).

Mediating Effect Analysis

To further explore the role of slow-reflow in the correla-
tion between PTH levels on admission and readmission 
for HF during follow-up, mediating effect analysis was 
performed. The results showed that slow-reflow was an 
important mediator of PTH levels and readmission for 
HF during follow-up, and the proportion mediated was 
approximately 35.362%, which indicating that serum PTH 
levels might impact readmission for HF during follow-up 
partially by influencing slow-reflow. More importantly, 
there was a direct association between elevated PTH lev-
els on admission and readmission for heart failure during 
follow-up (Table 6).

Kaplan–Meier Survival Analysis

Subsequently, Kaplan–Meier survival analysis was used 
to evaluate the predictive value of PTH-h for MACEs. The 

Fig. 3  Analysis of ROC curve of PTH in predicting slow-reflow
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Table 3  Patient characteristics across different PTH groups

PTH parathyroid hormone, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, cTnI cardiac troponin I, NT-
proBNP N-terminal pro-brain natriuretic peptide, Scr serum creatinine, eGFR estimated glomerular filtration rate, ABG admission blood glu-
cose, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, Lp(a) 
lipoprotein(a), ApoA-1 apolipoprotein A1, ApoB apolipoprotein B, CRP C-reactive protein, SNP sodium nitroprusside, RASi renin-angiotensin 
system inhibitor

PTH < 63.65 pg/ml (n = 162) PTH ≥ 63.65 pg/ml (n = 100) Χ2/T/Z P

Age (years) 57.0 (47.0, 65.0) 63.0 (49.25, 72.75)  − 2.792 0.005
Male, n (%) 142 (87.7) 80 (80.0) 2.8 0.094
Hypertension, n (%) 85 (52.5) 67 (67.0) 5.36 0.021
Diabetes, n (%) 26 (16) 16 (16) 0 0.992
Dyslipidemia, n (%) 22 (13.6) 24 (24.0) 4.638 0.031
Smoking, n (%) 117 (72.2) 63 (63.0) 2.446 0.118
Drinking, n (%) 20 (12.3) 15 (15.0) 0.376 0.540
BMI (kg/m2) 24.21 (22.49, 25.42) 24.15 (22.49, 25.45)  − 0.086 0.932
SBP (mmHg) 125.0 (116.75, 140.0) 127.50 (113.25, 142.25)  − 0.351 0.725
DBP (mmHg) 77.50 (70.0, 83.0) 76.50 (69.25, 85.50)  − 0.067 0.947
Procedure parameters

  Thrombus aspiration, n (%) 57 (35.2) 26 (26.0) 2.41 0.121
  Onset-to-balloon (hours) 3 (2, 5) 3 (2, 4)  − 1.115 0.265
  Stent diameter (mm) 3.0 (2.75, 3.0) 3.0 (2.75, 3.0)  − 0.179 0.858
  Post-dilation frequency (n) 36.0 (28.0, 48.25) 41.0 (28.0, 55.0)  − 1.528 0.127
  Stent length (mm) 3 (2, 4) 3 (2, 4)  − 0.298 0.766
  Number of diseased coronary 

arteries (n)
2.0 (1.0, 2.0) 2.0 (1.0, 2.75)  − 0.936 0.349

Biochemical parameters
  cTnI (ng/ml) 0.154 (0.019, 1.343) 0.068 (0.013, 0.403)  − 1.819 0.069
  NT-proBNP (pg/ml) 292.0 (99.0, 774.15) 292.0 (99.0, 903.5)  − 0.822 0.411
  Hemoglobin (g/l) 140.0 (126.75, 155.0) 140.5 (127.5, 150.0)  − 0.573 0.566
  Platelet (×  109/l) 206.50 (164.50, 242.25) 212.50 (169.0, 239.75)  − 0.305 0.761
  Scr (umol/l) 67.5 (61.0, 77.0) 73.5 (64.5, 87.0)  − 3.255 0.001
  eGFR (ml/min/1.73m2) 103.14 (84.41, 130.42) 88.63 (69.49, 106.69)  − 4.056  < 0.001
  Ca (mmol/l 2.16 (2.09, 2.24) 2.15 (2.07, 2.23)  − 0.914 0.361
  Mg (mmol/l) 0.85 (0.78, 0.89) 0.85 (0.81, 0.90)  − 0.996 0.319
  P (mmol/l) 0.91 (0.81, 1.05) 0.90 (0.80, 1.01)  − 0.75 0.454
  ABG (mmol/l) 5.83 (5.14, 7.03) 6.15 (5.37, 7.31)  − 1.262 0.207
  TC (mmol/l) 4.42 (3.90, 4.89) 4.61 (3.92, 5.36)  − 1.453 0.146
  TG (mmol/l) 1.58 (1.16, 2.28) 1.39 (0.99, 2.02)  − 1.614 0.107
  HDL-C (mmol/l) 1.07 (0.93, 1.23) 1.16 (0.95, 1.35)  − 2.162 0.031
  LDL-C (mmol/l) 2.52 (2.06, 2.97) 2.64 (2.16, 3.26)  − 1.282 0.2
  Lp(a) (mg/l) 96.0 (46.0, 189.3) 90.0 (43.3, 196.3)  − 0.357 0.721
  ApoA-1 (mg/dl) 1.0 (0.87, 1.06) 1.01 (0.86, 1.10)  − 0.955 0.339
  ApoB (mg/dl) 0.87 (0.72, 1.02) 0.91 (0.72, 1.08)  − 0.847 0.397
  CRP, mg/L 6.30 (2.69, 16.40) 8.70 (4.55, 26.58)  − 2.50 0.012

Medicine
  Tirofiban, n (%) 72 (44.4) 42 (42.0) 0.15 0.698
  SNP, n (%) 21 (13.0) 18 (18.0) 1.238 0.266
  β-blocker, n (%) 137 (84.6) 88 (88.0) 0.601 0.438
  RASi, n (%) 109 (67.3) 67 (67.0) 0.002 0.962
  Atorvastatin, n (%) 161 (99.4) 100 (100) 0.62 0.431
  Aldactone, n (%) 18 (11.1) 25 (25.0) 8.694 0.003
  Furosemide, n (%) 19 (11.7) 23 (23.0) 5.836 0.016
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results showed that there were significant differences in 
the risk of occurrence of MACEs and readmission for HF 
during follow-up between the PTH-h and PTH-l groups 
(both log rank test P < 0.05, Fig. 4A and B).

Discussion

In patients with STEMI treated with primary PCI, PTH 
was strongly associated with perioperative slow-reflow. 
In particular, PTH levels were closely correlated with 

readmission for HF during long-term follow-up. Even after 
adjusting for cardiovascular risk factors and other possible 
confounders, the results remained significant.

Our findings are in line with those of other studies, 
which found associations between PTH levels and adverse 
prognosis of acute coronary syndrome [17–19]. However, 
the present study focused on the association of PTH with 
slow-reflow in this particular cohort receiving primary PCI 
for STEMI, and followed up for a median time of 709 days 
to investigate the association of PTH with MACEs. These 
have not been reported in relevant literatures.

The most common cause of slow-reflow during PCI 
of aMI is coronary microcirculation disorder, including 
thrombosis embolism, plaque detachment, and vasospasm, 
which can cause microcirculation disturbances and then 
induce slow-reflow [20]. Recently, PTH has also been 
shown to play a paradoxical and interesting role in car-
diovascular diseases. On the one hand, PTH dilates blood 
vessels via the blocking of L-type calcium channels in 
smooth muscle cells [21], promotes nitric oxide (NO) 
production in endothelial cells, and enhances coronary 
blood flow volume [22]. On the other hand, MI induces 
elevated serum PTH levels, and elevated PTH can activate 
adenylate cyclase, promote the translocation of protein 
kinase C from cytochylema to cytoplasmic membranes, 
increase intracellular free calcium, cause intracellular 
calcium overload, activate oxidative stress, and lead to 
impaired NO synthesis in endothelial cells, thus induc-
ing coronary microcirculation disorders and reducing 
coronary blood flow reserve [7]. At the same time, PTH 
and PTH1R interact in the blood, which enhances platelet 
activity and induces thrombotic events and slow-reflow 
[23]. In the present study, the higher the PTH level, the 
higher the incidence of slow-reflow, which is mutually 
supported and verified with the above findings. Other 
clinical factors, such as age, diabetes, onset to balloon 
expansion time, stent length, stent under-expansion, and 
distal vascular dissection after stent implantation, are also 
involved in the development of slow-reflow [24, 25]. In 
our study, patients with slow-reflow were older and had 
higher blood glucose levels, which is consistent with pre-
vious reports [24]. However, in contrast to previous studies 
[2, 26], onset-to-balloon time, total length of implanted 
stents, and frequency of post-dilation were not risk factors 
for slow-reflow in present study. This may be related to 
factors, such as optimized pre- and in-hospital treatment 
protocols and the relative simplicity and small number 
of enrolled cases. TIMI thrombus grade greater than or 
equal to four was classified as high thrombus load, which 
was an independent predictor of no-reflow after primary 
PCI [27]. The subjects of the present study were patients 
with STEMI, and almost all of whom had completely 
occlusive blood vessels, i.e., thrombus score of five, so 

Table 4  Associations of PTH ≥ 63.65 pg/ml and readmission for HF 
or recurrent MI or UA, ISR, and cardiac death after PCI for STEMI

Model 1 was crude analysis without adjustment. Model 2 was 
adjusted by the gender, age, hypertension, diabetes, hyperlipidemia, 
and smoking status of the patients. Model 3 was adjusted by the 
patients’ discharge medication status including aspirin, clopidogrel, 
atorvastatin, spironolactone, beta-blockers, RASi, and furosemide. 
Model 4 was adjusted by variables (eGFR, HDL-C, CRP, etc.) that 
showed differences between the PTH-high and PTH-low groups. All 
models above were subjected to 1000 bootstrap replicates for resam-
pling verification (Table 5)
PTH parathyroid hormone, HF heart failure, MI myocardial infarc-
tion, UA unstable angina pectoris, ISR in-stent restenosis, PCI per-
cutaneous coronary intervention, STEMI acute ST-segment eleva-
tion myocardial infarction, RASi renin-angiotensin system inhibitors, 
eGFR estimated glomerular filtration rate, HDL-C high-density lipo-
protein cholesterol, CRP C-reactive protein

B SE OR (95% CI) P

Model 1
  HF 1.820 0.607 6.173 (1.878–20.29) 0.005
  Recurrent MI or 

UA
0.101 0.458 1.107 (0.451–2.713) 0.989

  ISR 0.046 0.643 1.047 (0.297–3.692) 0.822
  Cardiac death  − 0.330 1.145 0.773 (0.076–6.774) 0.703

Model 2
  HF 1.752 0.630 5.763 (1.677–19.803) 0.006
  Recurrent MI or 

UA
0.006 0.483 1.006 (0.39–2.595) 0.912

  ISR 0.152 0.674 1.164 (0.311–4.357) 0.836
  Cardiac death  − 0.506 1.329 0.603 (0.045–8.152) 0.734

Model 3
  HF 1.356 0.675 3.881 (1.034–14.56) 0.044
  Recurrent MI or 

UA
0.035 0.461 1.036 (0.419–2.559) 0.939

  ISR 0.059 0.652 1.061 (0.296–3.806) 0.927
  Cardiac death  − 0.332 1.146 0.718 (0.076–6.777) 0.772

Model 4
  HF 1.405 0.621 4.075 (1.206–13.768) 0.024
  Recurrent MI or 

UA
 − 0.024 0.467 0.977 (0.391–2.442) 0.960

  ISR 0.158 0.66 1.171 (0.321–4.271) 0.811
  Cardiac death  − 0.55 1.227 0.577 (0.052–6.384) 0.654
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the correlation between thrombus load and slow-reflow 
was not further analyzed.

Serum PTH is also involved in the pathogenesis of ath-
erosclerosis [28], with elevated PTH levels being positively 
associated with coronary heart disease events, cardiovascular 
mortality, and all-cause mortality [29]. In addition to adverse 
effects on blood pressure, myocardium, coronary blood flow, 
and arrhythmias, abnormalities of coagulation and fibrinolysis 
in patients with high PTH levels may also be important risk 
factors for cardiovascular death events [30]. Heart failure is 
the most common chronic complication of aMI, and one study 
demonstrated that PTH had a predictive value in predicting 

acute HF in STEMI patients within 6 months [18]. The present 
study, at a longer follow-up, also suggested that PTH was an 
independent risk factor for readmission due to HF and overall 
MACEs in patients with STEMI, but not for cardiogenic death, 
readmission due to recurrent myocardial ischemia or ISR. Inter-
estingly, several studies disagree with the prognostic value of 
PTH in cardiovascular disease. A prospective study by Folsom 
et al. conducted a median follow-up of 19 years for 19,392 cases 
[31]. Their results indicated that PTH levels were not associated 
with coronary heart disease, stroke, peripheral vascular disease, 
or atrial fibrillation, but showed weak protective effects on HF 
and cardiovascular death. They concluded that PTH level was 

Table 5  Results of 1000 
repeated bootstrap validations 
for all four models

Model 1 was crude analysis without adjustment. Model 2 was adjusted by the gender, age, hypertension, 
diabetes, hyperlipidemia, and smoking status of the patients. Model 3 was adjusted by the patients’ dis-
charge medication status including aspirin, clopidogrel, atorvastatin, spironolactone, beta-blockers, RASi, 
and furosemide. Model 4 was adjusted by variables (eGFR, HDL-C, CRP, etc.) that showed differences 
between the PTH-high and PTH-low groups
HF heart failure, MI myocardial infarction, UA unstable angina pectoris, ISR in-stent restenosis, RASi 
renin-angiotensin system inhibitors, eGFR estimated glomerular filtration rate, HDL-C high-density lipo-
protein cholesterol, CRP C-reactive protein, PTH parathyroid hormone

B Bias SE P 95% CI

Model 1
  HF 1.82 0.556 4.244 0.004 0.687–3.830
  Recurrent MI or UA 0.101  − 0.006 0.527 0.825  − 0.949 to1.097
  ISR 0.046  − 0.296 2.365 0.945  − 1.696 to1.377
  Cardiac death  − 0.33  − 0.22 10.095 0.438  − 20.915 to 20.666

Model 2
  HF 1.752 0.564 3.669 0.006 0.622–3.777
  Recurrent MI or UA 0.006  − 0.028 0.57 0.991  − 1.224 to 1.053
  ISR 0.152  − 0.315 2.527 0.803  − 1.636 to 1.482
  Cardiac death  − 0.506  − 0.012 9.837 0.372  − 20.872 to 19.943

Model 3
  HF 1.356 0.524 3.551 0.036  − 0.021 to 3.578
  Recurrent MI or UA 0.035 − 0.003 0.557 0.937  − 1.200 to 1.078
  ISR 0.059 − 0.451 3.077 0.914  − 1.968 to 1.506
  Cardiac death  − 0.332 − 0.335 9.954 0.457  − 21.297 to 20.636

Model 4
  HF 1.405 0.447 3.558 0.011 0.235 to 3.355
  Recurrent MI or UA  − 0.024  − 0.024 0.523 0.956  − 1.142 to 0.939
  ISR 0.158  − 0.293 2.45 0.808  − 1.642 to 1.544
  Cardiac death  − 0.55  − 0.063 9.799 0.330  − 20.921 to 20.098

Table 6  Mediating effect of 
slow-reflow on serum PTH 
levels on admission and 
readmission for heart failure 
during follow-up

Effect 95% CI P Proportion mediated

Direct effect (c′) 0.068 0.001–0.135 0.048 35.362%
Indirect effect (a*b) 0.037  − 0.011 to 0.162 0.394
Total effect (c) 0.105 0.045–0.166 0.006
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not an independent risk factor for cardiovascular disease. The 
contrasting clinical conclusion from this study may be related 
to different PTH detection sequences, long follow-up periods, 
one-time PTH detection, and cardiovascular event registration, 
partially or completely dependent on the International Clas-
sification of Diseases coding.

No-reflow was an independent predictor of poor outcome in 
STEMI patients treated by primary PCI and was independent 
of infarct size [32]. In present study, among the two groups of 
patients classified based on the optimal PTH cutoff value for 
predicting slow-reflow, the prognosis of patients in the PTH-h 
group was worse than that in the PTH-l group. Further, the 
results of mediating effect analysis also suggested that slow-
reflow was an important mediating factor between PTH and 
readmission for HF during follow-up, and the conclusion of 
this study is consistent with previous studies. Similarly, media-
tion analysis also reconfirmed that PTH levels on admission 
had a direct effect on readmission for HF during follow-up.

Limitations

The present study has several limitations. First, lacking 
core laboratory support, it utilizes the relatively simple 
TIMI blood flow grading method to assess blood flow sta-
tus. Application of the TIMI myocardial perfusion grade or 
corrected TIMI frame count may improve the accuracy and 
reproducibility of blood flow assessments. Second, the indi-
cators used in this study were relatively simple. We did not 
routinely measure NT-proBNP levels because BNP analysis 
is costly and not covered by medical insurance. However, 
we believe that our results may be more convincing when 
using BNP as a control. Third, our sample size was relatively 

small, and the propensity score matching method was not 
implemented; therefore, our conclusions may not be gener-
alizable, and most future studies, and even some prospective 
cohort studies, need to explore the optimal detection point 
for PTH and how PTH can be regulated to improve the prog-
nosis of patients with STEMI.

Conclusion

PTH levels are associated with slow-reflow during primary 
PCI and are also closely related to MACEs during 1-year fol-
low-up in patients with STEMI, especially readmission for HF.
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