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Abstract: Introduction: The coronary flow reserve (CFR) is a sign of early-stage coronary artery disease (CAD).
Plasma atherogenic index (PAI) is related to atherosclerosis and cardiovascular mortality. Therefore, our aim
was to determine CFR and PAI in patients with primary hyperparathyroidism (PHPT) and investigate whether
PAI can be used in the detection of early-stage CAD. Material and Methods: The sample was comprised of 44
patients with PTHT and 33 healthy volunteers. We defined CFR as the ratio of the hyperemic diastolic peak
velocity to the baseline diastolic peak velocity. PAI values were calculated with the formula of log 10
triglyceride (TRG) / high-density lipoprotein (HDL). Result: The comparison of the groups for PAI and CFR
demonstrated that PAI levels were significantly higher while CFR levels were significantly lower in the PTHT
patients (p<0.01, p=0.01, respectively). The correlation analysis revealed that CFR was negatively correlated
with PAI and TRG (PAI- p<0.0001 r=-0.537). The multivariate logistic regression analysis showed that only a
high PAI level (OR: 151.6, 95% confidence interval (CI): 4.1-5480, p=0.006) was an independent predictor of
reduction in CFR in PHPT patients. Conclusion: Overall, we found an independent correlation between PAI
and CFR values. Hence, PAI may be useful in identifying PHPT patients facing a high risk of adverse
cardiovascular events and may also allow early diagnosis of subclinical atherosclerosis.

Keywords: primary hyperparathyroidism; plasma atherogenic index; atherosclerosis; coronary
flow reserve

1. Introduction

Primary hyperparathyroidism (PHPT) is a clinical condition characterized by hypercalcemia
caused by excessive parathyroid hormone (PTH) secretion from the parathyroid gland and the most
prevalent cause of hypercalcemia in outpatient clinics (1, 2). It has been detected more frequently
in the last 40 years due to more frequent measurement of serum calcium (Ca) levels (3). Therefore,
PHPT is a relatively common endocrine disease with an incidence of 1/1000 among patients (4).
Recently, there has been an increasing interest in cardiac evaluation in patients with PHPT because
various studies showed that PHPT elevates cardiac morbidity and mortality (5).

Coronary flow reserve (CFR) is calculated by dividing the absolute values of hyperemic and
resting myocardial blood flows and primarily refers to coronary microvascular function. A decrease
in CFR is an indicator of atherosclerosis and, therefore, early coronary artery disease (CAD) with
impaired endothelial functions. It was previously shown to have a prognostic value for
cardiovascular events in different systemic diseases (6-8). Transthoracic echocardiography can be
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used to measure CFR; it is preferred because of its high diagnostic accuracy, versatility, low cost, and
especially not being exposed to radiation (9)

Although conventional atherogenic lipid parameters are used to assess the risk of CAD, many
extensive epidemiological studies revealed that novel lipid indices, such as the plasma atherogenic
index (PAI), have better predictive value for atherosclerotic CAD risk assessment than conventional
ones (10-12)

PAI is a newly popular lipid index obtained by logarithmic conversion of triglyceride (TRG) /
high-density lipoprotein cholesterol (HDL-C) ratio. Relevant literature host studies having shown
that it is associated with atherosclerosis and subclinical coronary artery disease and may be a marker
for cardiovascular mortality (13, 14).

Ultimately, we aimed to determine CFR, an indicator of subclinical atherosclerosis, and PAI
levels for risk assessment of CAD in patients with PHPT. We also explored whether PAI can be used
for the early detection of CAD.

2. Methods

Sample

We prospectively carried out the study with 44 PHPT patients who were followed up in the
Endocrinology Clinic of Kayseri City Training and Research Hospital between September and March
2021. We noted down physical examination findings, medical records, and laboratory findings of the
patient and control groups. The control group consisted of age- and sex-matched 33 individuals with
normal blood PTH levels who were not considered to have coronary artery disease upon their
medical records, physical examination, ECG, and echocardiography findings.

Yet, we excluded those under 18 years of age, those with a history of stroke, congestive heart
failure, CAD, dilated/hypertrophic or restrictive cardiomyopathies, severe valve disease,
hypertension (HT), diabetes/impaired glucose tolerance, hypothyroidism and hyperthyroidism,
smoking, obstructive sleep apnea, dyslipidemia, morbid obesity (body mass index >35 kg/m2),
excessive alcohol consumption (>120 g/day), and diseases that may affect coronary blood flow such
as kidney or liver failure, and those with concomitant systemic disorders. In addition, we excluded
asthmatic patients for safety reasons and those with suboptimal image quality or arrhythmias that
would preclude the acquisition of adequate images to measure CFR.

We conducted the study strictly complying with the principles of the Declaration of Helsinki
and ensured all participants sign an informed consent form before enrollment. Moreover, the local
ethics committee granted the relevant approval for our study.

Biochemical parameters and atherogenic index of plasma

Venous blood samples were taken from both the patient and control groups in the morning after
10-12 hours of fasting. We noted down their fasting blood sugar, total cholesterol, HDL-C, total
cholesterol (TC), and TRG levels and obtained their complete blood counts, basic biochemistry
parameters, and total calcium (Ca), albumin-adjusted Ca, phosphorus, thyroid-stimulating hormone,
and PTH levels. Then, we measured their plasma levels of high sensitivity C-reactive protein
(hsCRP). Low-density lipoprotein (LDL) cholesterol levels were calculated using the Friedewald
formula (TC = LDL + HDL + TRG / 5), while PAI values were obtained using the log10 TRG/HDL
formula. Non-HDL cholesterol was reached by subtracting HDL from TC. We calculated Castelli risk
indices (CRI) I and II as TC/HDL and LDL/HDL, respectively. The atherogenic coefficient (AC) was
calculated by dividing non-HDL by LDL. When calculating PAI, we first converted TRG and HDL
values into their molar equivalents and then used the log (TRG / HDL-C) formula.

Echocardiographic and coronary flow reserve assessment

We performed imaging on the basis of second-harmonic imaging using the Vivid-6 (GE Medical
Systems, Horten, Norway) ultrasound device. All findings were stored digitally and analyzed by an
experienced cardiologist blind to the clinical and laboratory data. Conventional echocardiographic
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examinations of the patients and healthy volunteers were performed according to the standards
defined by the American Society of Echocardiography. We calculated left ventricular mass with the
Deveraux formula using end-diastolic left ventricular wall thickness and left ventricular diameter.
Left ventricular ejection fraction was calculated through the apical windows using the modified
Simpson's method.

We assessed CFR with the patient lying in the left lateral position, using a modified two- or four-
chamber window to visualize the left anterior descending (LAD) artery by positioning the transducer
in the fourth and fifth intercostal spaces, close to the mid-clavicular line. We continuously monitored
the patients' ECG and heart rates. Transducer frequencies for B-mode and Doppler imaging were set
to 8 MHz and 1.00 - 2.50 kHz, respectively. All subjects received 0.56 mg/kg of dipyridamole infusion
for 4 minutes, and we administered an additional dose of 0.28 mg/kg to the subjects when the target
heart rate was not reached. CFR was measured using the pulse-wave Doppler method in the patient
and control groups, considering baseline diastolic flow velocity and peak flow velocity after
dipyridamole infusion. We averaged at least three cycles of measurements (at rest, during maximum
dipyridamole infusion, and three minutes after dipyridamole was discontinued) to obtain diastolic
peak flow velocity (DPFV). We defined CFR as the ratio of the hyperemic diastolic peak velocity to
the baseline diastolic peak velocity, and a CFR > 2.0 was considered normal. All echocardiographic
procedures were performed by a single researcher, and the intraclass correlation coefficient for CFR
measurement was determined to be 0.903 (15).

Statistical analysis

We performed all statistical analyses on the SPSS package program (version 26, Chicago, IL,
USA). Kolmogorov-Smirnov test was used to evaluate whether the data showed a homogenous
distribution. For the homogeneously distributed variables, we compared the groups using the
Student's T-test and presented the results as mean + standard deviation. On the other hand, we used
the Mann-Whitney U test to compare the groups where the variables did not show a homogeneous
distribution, and the findings were given as minimum-maximum values.

We used Pearson's correlation analysis to reveal the associations between the variables and
accepted a p-value below 0.05 as statistically significant. For bivariate correlation analyses, an r-value
of <0.30 indicates no or very weak correlation. A value of 0.30 <r < 0.50 indicates a weak correlation,
while a value of r > 0.50 indicates a moderate to good correlation between the variables.

3. Results

Baseline clinical, demographic, and laboratory characteristics of the groups are presented in
Table 1. Accordingly, we could not find any significant difference between the groups by gender,
age, smoking, diabetes, and hypertension (p> 0.05). Both groups were similar in terms of systolic and
diastolic blood pressure measurements. Yet, PHPT patients had significantly higher CRP, total Ca,
albumin-adjusted Ca, and PTH levels than the control group, while they had significantly lower
phosphorus levels (p <0.001). Other blood parameters were also similar between groups.

CFR levels were found to be significantly lower in the patient group (2.21 +0.45 vs. 3.01+0.5,
p<0.001) (Figure 1). While there was no difference between the groups in terms of conventional lipid
parameters such as TC, HDL, LDL, and non-HDL (p>0.05), we detected TRG level to be significantly
higher in patients with PHPT (p=0.012) (Table 1).
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Figure 1. Comparison of CFR levels of PHPT patients and control groups.

CFR: Coronary flow reserve, PHPT: Primary hyperparathyroidism
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Table 1. Baseline clinical and demographic features and laboratory measurements of the study

groups.
. Control grou PHPT
Variables (n= 3§) P (n=44) P Value
Age (years) 58.7+10.9 56+11.3 ,284
Male/female 3/32 5/43 ,778
HT 15 21 ,935
DM 3 5 ,778
Smoke 1 1 ,986
SBP (mm/hg) 119,5+10,2 122,6+11,5 ,201
DBP (mm/hg) 73,7+7,2 74,7+6,3 ,507
Glucose (mg/dL) 91.2+5.7 93.7+7.2 ,110
BMI 27,61+1,83 27,4242 26 ,680
Kreatinin (mg/dL) 0,84+0,19 0,83+0,15 ,730
Aspartat Aminotransferaz
(U/L) 19,8+6,3 19,6+6,8 ,920
Alanin Aminotransferaz 19,05:6,3 20,95+10,4 355
(U/L)
Albumin 4.06+0.5 4,02+0.35 0.748
Albumin-corrected 9,2+0.43 11.120.63 ,0001
calcium (mg/dl)
Phosphorus (mg/dl) 3,82+0.44 2.52+0.45 ,0001
PTH 33.7+8.4 220.7+146 ,0001
TSH 1,88+1,11 2,11+0,83 A13
D_Vitamin 22,11 18,1+7,98 0,321
WBC (1073/uL) 7,78+1,47 7,71+1,73 847
Hemoglobin (g/1) 14,01+1,6 13,8+1,29 ,448
Platelet (/mm3) 264,2+68,0 259,2+62,6 ,729
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Hs CRP 2,49+1,5 5,12+3,2 0,001
TC 180.3+27.4 184.2+37 0.602
TRG 105.1+50.6 142.3+74 0.012
HDL 45.149.1 42.8+13.7 0.393
LDL 114.5+25 109.8+29.9 0.451
Non HDL 135.2+25.7 141.8+39 0.387
AC 3.1+0.8 3.6+1.40 0.072
PAI 0.32+0.2 0.49+.3 0.010
CRI-1 4.11+0.86 4.60+1.4 0.077
CRI-2 2.61+0.6 2.76x1 0.435
CFR 3.01+0.5 2.21+0.45 <0.001

PHPT: Primary hyperparathyroidism, DM: Diabetes Mellitus, HT: Hypertension, SBP: Sistolic Blood Pressure,
DBP: Diastolic Blood Pressure, WBC: White Blood Cell, PTH: Parathyroid Hormone, TSH: Thyroid
Stimulating Hormone, PAI: Plasma atherogenic index, AC: Atherogenic coefficient, CRI: Castelli risk indice,
hsCRP: High-sensitivity C-reactive protein TC: Total cholesterol, TRG: triglyceride, HDL: High-density
lipoprotein cholesterol, LDL: Low-density lipoprotein, BMI: Body Mass Index. Data are expressed as mean +

standard deviation for normally distributed data and percentage (%) for categorical variables.

In terms of novel lipid indices, we found no difference between the groups by CRI-1, CRI-2, and
AC (p>0.05), while PAI levels were found to be significantly higher in the patient group (p=0.01)

(Table 1).

As in Table 2, baseline echocardiographic parameters did not differ significantly between the

groups

Table 2. Echocardiography characteristics of the study population.

) Control Grou PHPT
Variables (N=33) P (N=44) P value
LVEDD 4,68+0,41 4,80+0,44 ,198
LVESD 3,11+0,41 3,05+0,32 ,463
IVSD 1,05+0,97 1,05+0,18 ,871
PWD 1,01+0,84 1,01+0,17 ,915
LVEF 62,3+3,1 63,3+4,1 214

PHPT: Primary hyperparathyroidism, LVEDD: Left Ventricular End Diastole Diameter, LVESD: Left
Ventricular End Systole Diameter, IVSD: Interventricular Septal Diameter, PWD: Posterior Wall Diameter,
LVEEF: Left Ventricular Ejection Fraction, Data are expressed as mean + standard deviation for normally

distributed data and percentage (%) for categorical variables.

The results of the correlation analysis revealed a negative correlation between CFR and novel

lipid indices (except CRI-2), including TRG and PAI (p<0.0001, r=-0.537 for PAI; p=0.026, r=-0.244 for
CRI-1; p=0.023, r=-0.250 for AC; p>0.05 for CRI-2) in PHPT patients. However, there was no
correlation between CFR and other conventional lipid parameters other than TRG (p>0.05 for all)
(Table 3). Besides, CFR was negatively correlated with PTH and albumin-adjusted Ca levels, while
positively correlated with phosphorus (p<0.001, r=-0.610 for Ca; p<0.001, r=-0.494 for PTH; p<0.001,
r=0.553 for phosphorus).

Table 3. Correlation analysis of non-CFR parameters between CFR in PHPT patients.

CFR

r values p values

PAI -0,537 <0.001
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AC -0,250 0.023

CRI-1 -0,244 0.026
CRI-2 -0,120 0.282
hsCRP (mg/dl) -0.409 <0.001
TC -0,077 0.488

TRG (mg/dl) -0,363 0.001
HDL (mg/dl) 0,135 0,223
LDL (mg/dl) 0.080 0.473
Non-HDL (mg/dl) -0.133 0.231
Albumm-corrected 0610 <0.001

calcium

Fosfor 0.553 <0.001
PTH -0,494 <0.001

CFR: Coronary flow reserve, PTH: Parathyroid Hormone, PAI: Plasma atherogenic index, AC: Atherogenic
coefficient, CRI: Castelli risk indice, hsCRP: High-sensitivity C-reactive protein TC: Total cholesterol, TRG:
triglyceride, HDL: High-density lipoprotein cholesterol, LDL: Low-density lipoprotein.

When CFR measurements were divided into two groups (CFR <2 and CFR > 2 and above; CFR
=2 is considered the cut-off value for being a predictor of atherosclerosis), CRP, PTH, Ca, and TRG
levels were significantly higher in the group with lower CFR levels (p=0.032, p= 0.011, p=0.023, and
p=0.019, respectively) (Table 4). Yet, among the novel lipid indices, only PAI level was significantly
higher in this group (p=0.001) (Figure 2). The groups did not differ by other demographics,
examination findings, and lipid parameters and indices (Table 4). Then, we found a negative
correlation between CFR and PAI (Figure 3).

Table 4. Comparison of demographic, clinical and laboratory values between subgroups with low
and high CFR levels (cut-off value 2 for CFR).

CFR <2 CFR 22
(n=19) (n=25) P
CFR 1.7+0.2 2.39+0.33 <0.001
Age (years) 56.6+11.2 55.6+11.5 0.768
BMI (kg/m?) 25.9+3.7 25.8+2.8 0.94
SBP (mmHg) 129.6+8.2 131.3+5.6 0.459

DBP (mmHg) 78.2+4.1 80.3+4.2 0.130

doi:10.20944/preprints202311.0068.v1
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TC (mg/dl) 186.5+37.1 182.4+37.5 0.706
TRG (mg/dl) 170.4+76.3 120.4+65.6 0.019
HDL (mg/d) 42.3+17.1 43.2+10.6 0.836
LDL (mg/d]) 105.8+33.9 113+26.6 0.416

Non-HDL (mg/d) 145.1+37.8 139.2+40.4 0.607

PAI 0.66+0.17 0.40+0.25 0.001

AC 3.78+1.3 3.48+1,5 0.484

CRI-1 475413 4.4+154 0.521

CRI-2 2.74+0.9 2.78+1.04 0.892

hsCRP (mg/dl) 6.6+4.4 39737 0.032

PTH 296.7+214 161.5+105.5 0.011

et 11.3+0.74 10.9+0.46 0.023
calcium

Fosfor 2.44+0.4 2.57+0.4 0315

CFR: Coronary flow reserve, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BMI: Body mass
index TC: Total cholesterol, HDL: High-density lipoprotein cholesterol, TRG: Triglyceride, LDL: Low-density
lipoprotein, PAI: Plasma atherogenic index, CRI: Castelli risk indice, AC: Atherogenic coefficient, hsCRP:
High-sensitivity C-reactive protein, PTH: Parathyroid hormone.

PAI

patient |

group

control |

Figure 2. Comparison of PAI levels of PHPT patients and control groups.

PAI: Plasma atherogenic index, PHPT: Primary hyperparathyroidism
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Figure 3. Relationship between PAI and CFR in patients with PHPT.

CFR: Coronary flow reserve, PAIL: Plasma atherogenic index, PHPT: Primary
hyperparathyroidism

We analyzed the role of some risk factors for the reduction in CFR levels using multivariate
analysis. In the univariate analysis, we found a correlation between CFR levels and increased PAI,
PTH, albumin-adjusted calcium, and hsCRP levels. The multivariate logistic regression analysis, on
the other hand, showed that only a high PAl level was an independent predictor of reduction in CFR
levels in PHPT patients (OR: 151.6, 95% confidence interval (CI): 4.1-5480, p=0.006) (Table 5).

Table 5. Univariate and multivariate logistic regression analysis to identify the independent
predictors of coronary flow reserve in patients with PHPT.

Univariate analysis
Multivariate analysis
Odds Ratio 95% CI  p Value Odds Ratio  95% CI  p Value

PAI 159.3 7.1-3525.5  0.001 151.6 4.1-5480 0.006
PTH 1.005 1.000-1.009  0.031
Albumin-
corrected 3.397 1.083-10.653 0.036
calcium

hsCRP (mg/dl) 1.172 1.007-1.365 0.041
PALI Plasma atherogenic index, PTH: Parathyroid Hormone, hsCRP: High-sensitivity C-reactive protein.

4. Discussion

In this study, we investigated the association between CFR, which can be easily measured
echocardiographically, and various lipid parameters and novel lipid indices, which have become
increasingly popular in recent years, in PHPT patients. The main results of our study can be listed as
follows: 1) we found significantly higher PAI values in PHPT patients compared to healthy controls;
2) we showed that CFR levels were significantly lower in PHPT patients compared to the control
group; 3) we found a negative correlation between CFR and PAI, AC, and CRI-1 levels. There was a
similar correlation between CFR and hs-CRP, PTH, and Ca levels; 4) PHPT patients with CFR <2.0
had significantly higher serum hs-CRP, PAI, PTH, Ca levels compared to those with CFR >2.0; 5) PAI
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was the parameter with the best predictive value in showing a change in CFR in PHPT patients; 6)
Our results suggest that PAI may be an indicator of subclinical atherosclerosis in PHPT patients.

Some studies previously showed that mortality rates due to all-cause and cardiovascular events
are higher in PHPT patients. In addition, serum Ca and PTH levels were determined to be
independent predictors of mortality and CAD (16, 17). A wealth of evidence from experimental and
clinical studies suggests that both Ca and PTH levels may be causally involved in cardiovascular
disease processes through the development of vascular dysfunction, atherosclerosis, and
inflammation (18-21). In their study, Hagstrom et al. (22) showed that increased PTH levels were
associated with atherogenesis both directly through its receptors on the vessels and indirectly with
vascular calcification and vascular remodeling.

Moreover, recent studies found independent predictors of atherosclerosis, such as HT,
hyperlipidemia, and glucose metabolism disorder, to be more prevalent in PHPT patients (23). In
addition to all these variables, Stamatelopoulos et al. (24) found higher levels of CRP and Interleukin-
6 (IL-6) in patients with PHPT, which contributes to the atherogenic process in such patients. Several
small-scale studies with PHPT patients showed an association between various atherosclerotic
mediators, such as a decrease in brachial vasoreactivity, an increase in carotid intima-media thickness
(IMT), and an increase in abdominal aortic IMT, reinforcing the claim of endothelial dysfunction and
early atherogenesis in these patients (22, 25, 26). CFR is used to evaluate microvascular endothelial
functions and, previously, was found to be a more decisive test than other early atherosclerosis
predictors used (27). CFR can be used in the evaluation of moderately severe coronary artery lesions,
as well as in the evaluation of coronary blood flow regulation and prognosis in conditions such as
post stent placement and post-acute myocardial infarction (28, 29). We could not find a study
investigating CFR levels in patients with PHPT in the literature. In our study, we reported impaired
CFR in patients with PHPT. We also found a negative correlation between CFR and Ca and PTH
levels, which was consistent with the results of previous studies in the literature showing the link
between increased Ca and PTH levels and the development of atherosclerosis. Our result also
suggests that PHPT patients are at risk for CAD.

Although dyslipidemia or hypercholesterolemia is reported to be more prevalent in PHPT
patients, there are still conflicting results regarding the levels of conventional lipid parameters (TC,
LDL-C, HDL-C, and TRG) in studies conducted so far (23, 30). In our study, TRG was found to be
significantly higher in the patient group with PAI, which we can call atherogenic dyslipidemia, and
PAI was negatively correlated with CFR. In recent studies, it is claimed that newly created lipid
indices, such as PAI, Framingham risk scoring, CRI I-1I, and AC, are better than conventional lipid
parameters (TC, LDL, TRG, and decreased HDL) in predicting cardiovascular events (31-33).
Substantial evidence suggests that changes in serum lipid levels cause deterioration in CFR and that
treatment of dyslipidemia may restore CFR (15, 34, 35). Two mechanisms come to mind while
explaining why PAI, the logarithmic value of TRG/HDL, causes endothelial dysfunction. In the first
mechanism, small-density LDL (sdLDL) was previously shown to be a more robust predictor of
atherosclerosis than LDL, associated with coronary events, and its clinical use is now suggested (36,
37). Since sdLDL is an expensive and complicated method to measure, and because it was found to
be well correlated with PAI in recent studies, the idea that PAI can be used instead of sdLDL is now
popular. In the literature, it was reported that PAI can be a good marker for the early detection of
subclinical atherosclerosis in diseases such as Behget's disease, rheumatoid arthritis, and systemic
lupus erythematosus (38). Increased systemic inflammatory activity in PHPT patients was shown in
previous studies, and it is not far from mind to expect more LDL oxidation in environments with
inflammation (23). As a result, it can be speculated that oxidized LDL is associated with a decrease
in CFR (39). Regarding the other mechanism, increased TRG levels were shown in previous studies
to impair endothelium-dependent vasodilation. Increased PAl levels due to elevated serum TRG may
directly affect CFR (40, 41). Kul et al. (36) found an inverse correlation between PAI and CFR in their
study in which they used CFR to evaluate patients with inflammatory bowel disease. Uslu et al. (42)
showed that high PAl levels were associated with increased carotid IMT in SLE patients. In our study,
we found a negative correlation between CFR and AC, CRI-1, and PAI in patients with PHPT. Since
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CFR 2 2 was considered normal in previous research, we divided the patient group into 2 groups by
this cut-off level and found PAl levels to be significantly higher in the group with low CFR, although
there was no difference by other novel lipid indices. In the multivariate analysis, we found that only
PAI levels affected CFR. Our results suggest that PAI, which can be detected by simple laboratory
testing, may be a much better predictor of CFR, which is used to evaluate early atherosclerosis in
PHPT patients.

Our study bears a few limitations. The first is the low number of participating patients. Second,
although CFR is predictive for coronary artery disease, the lack of long-term follow-up of our patients
creates uncertainty about how much of our findings will be projected in daily practice. Third, we
measured CFR only in the LAD artery. Other vessels may have led to lower CFR measurements, but
we may have been considered them normal. Fourth, we used only CRP as a marker of inflammation,
but it may not represent the full spectrum of inflammatory activity.

5. Conclusion

A high atherogenic plasma index may be useful both to identify PHPT patients at high risk for
adverse cardiovascular events and allow early detection of subclinical atherosclerosis. However,
further studies are needed to elucidate the precise mechanisms of early atherogenesis in PHPT
patients and understand the full impact of atherogenic dyslipidemia on cardiovascular outcomes in
this subset of patients.
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