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Background: Non-functioning adrenal adenomas (NFA) are prevalent tumors often associated with metabolic disturbances
compared to the general population. This study aimed to evaluate cardiovascular disease (CVD) risk in 106 pa-
tients with NFA using SCORE2 and SCORE2-OP algorithms.

Material/Methods: The study sample comprised of 106 patients with NFA. CVD risk was assessed using SCORE2 and SCORE2-OP
charts. The study population was divided across different categories: low-to-moderate risk, high-risk, very high-
risk of CVD. Anthropometric measurements, metabolic indices, lipid profiles, and carbohydrate metabolism pa-
rameters were analyzed across different CVD risk groups.

Results: Very high-risk patients had a higher waist-to-hip ratio (WHR) value (0.95; 0.89-0.98) compared to low-to-mod-
erate risk patients (0.89; 0.84-0.91; P=0.0049). Also, high-risk patients had a higher WHR value (0.92; 0.87-0.97)
compared to low-to-moderate risk patients (0.89; 0.84-0.91; P=0.032). Patients with low-to-moderate CVD risk
had significantly lower fasting glucose levels compared to patients with high CVD risk (5.35; 5.08-5.61 vs 5.78;
5.39-6.03; P=0.0093) as well as compared to patients with very high risk (5.35; 5.08-5.61 vs 5.83; 5.22-6.28;
P=0.0230). There was no significant difference in lipid parameters and atherogenic indices between the groups
based on CVD risk according to SCORE2 and SCORE2-OP.

Conclusions: Elevated fasting glucose levels are significantly associated with higher CVD risk in NFA patients, particularly in
high and very high-risk group. Systolic blood pressure and WHR were identified as cost-effective measures for
predicting of CVD among NFA patients. Metabolic indices did not show any significant differences across CVD
risk groups.
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Introduction

An adrenal incidentaloma (Al) is a randomly discovered mass
of greater than 1 cm in size [1] which can be categorized as
functional (hormone-secreting) and silent (benign or malig-
nant) lesions [2]. Non-functional adenomas (NFA) are typi-
cally detected during imaging procedures and are classified
as an Al following an endocrine exclusion procedure, with no
secretory capacity [1,3,4]. The rate of NFA is estimated to be
between 71% and 84% of all Al cases [1,5-7]. It has been re-
ported that non-functioning adrenal incidentalomas were the
most frequent tumor type identified in both clinical (75%)
and surgical (69%) studies [8]. Although NFA are considered
non-functional, they have been deemed clinically relevant [9].
Numerous instances of hypertension, dyslipidemia, insulin re-
sistance (IR), impaired glucose tolerance, metabolic syndrome
(MetS), obesity, and osteoporosis, have been observed in pa-
tients with NFA [3,9-14]. It has been remarked that such com-
plications are related to an increased frequency in Al patients
of hypercortisolemia, including its subclinical [14,15]. Moreover,
it has been reported that some glucose metabolism distur-
bances (IR, and impaired glucose tolerance) are significantly
higher in patients with NFA, regardless of their body mass in-
dex (BMI) [10,16,17]. The prevalence of disturbed glucose tol-
erance among patients with NFA has been reported to be re-
markably higher than in the general population [16,17]. The
World Health Organization (WHO), the National Cholesterol
Education Program-Adult Treatment Panel Il (NCEP-ATP IlI)
and the American Association of Clinical Endocrinologists/
American College of Endocrinology (AACE/ACE) classifica-
tion have revealed that NFA are independent predictors of
MetS [10]. Cardiovascular diseases are prevalent in the gen-
eral population, and they are the leading cause of death in
developed countries. Studies of the cardiovascular risk in pa-
tients with Al in comparison with the background population
could be of a special interest [14,15].

The European Society of Cardiology (ESC) has developed
Systematic Coronary Risk Evaluation (SCORE2) model designed
to predict the 10-year risk of initial cardiovascular events in
individuals aged 40-69 years without prior CVD or diabetes,
recalibrated to European population target across 4 risk re-
gions [18]. For populations aged over 70, ESC has provided a
SCORE2 for Older Persons (SCORE2-OP) utilizing similar method-
ologies. SCORE2 incorporates risk estimates for fatal and non-
fatal CVD events [19]. Depending on the established model of
diagnosis, it is expected that between 5% and 28% of NFA will
develop mild autonomous cortisol secretion (MACS) [20]. MACS
is considered to be related to an increased cardiometabolic
risk [5,20,21]. Patients with NFA have a higher risk of develop-
ing atherosclerosis compared to patients with healthy adrenal
glands and low-intermediate CVD risk profiles [22]. It has been
suggested that the evaluation of the coronary-artery-calcium
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(CACQ) score may serve as a valuable predictor of atheroscle-
rosis risk in elderly patients [22]. Furthermore, increased ca-
rotid intima-media thickness [14], higher D-dimer levels, and
elevated uric acid levels have been observed in patients with
NFA [12]. Patients with NFA and those with secreting adeno-
mas have been presented with a higher prevalence of cardio-
metabolic risks compared to individuals with normal adrenal
glands [23,24]. Given this discrepancy, the precise diagnosis
of adenomas is crucial to reaching treatment goals and im-
plementing measures to address the prevalence of cardiomet-
abolic risks in these patients, using simple methods such as
the SCORE2 risk prediction algorithms.

Therefore, this study aimed to evaluate cardiovascular risk in
106 patients with non-functioning adrenal adenomas using
the SCORE2 and SCORE2-OP algorithms, and to evaluate met-
abolic deregulation, and inflammation in patients with NFA.

Material and Methods

The study was approved by the bioethics board KNW/0022/
KB1/143/15 at the Medical University of Silesia and conforms
to the Declaration of Helsinki. Data analysis consent was ob-
tained from all participants.

Participants

Retrospective analysis evaluated 408 NFA patients (283 fe-
males, 69.36%) with incidentally found adrenal adenoma/s
referred to the Department of Endocrinology, Piekary Medical
Centre, St. Luke’s Local Hospital in Piekary Slaskie, Poland.

Inclusion criteria were: 1) age: 40 or older 2) no signs or symp-
toms of cortisol hypersecretion; 3) normal early morning basal
serum ACTH and cortisol levels, preservation of ACTH and cor-
tisol circadian rhythm, and normal 24-hour urinary free corti-
sol (UFC) concentration.

Exclusion criteria were: 1) history of previous malignancy and/
or inflammation, 2) medication known to affect any of the
measured parameters, 3) presence of secreting adenoma or
adrenals insufficiency, and 4) renal and liver failure define as:
eGFR <60 ml/min/1.73 m?/bilirubin >2 mg/dL; INR >1.5 and
albumin <3.5 g/dL.

After exclusion criteria, 106 patients were eligible for final
analysis.

Diagnosis of NFA

Morning cortisol level after dexamethasone suppression test
below <1.8 ng/mL. When the post-dexamethasone serum
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Figure 1. Non-functional right adrenal adenoma (dimension 27x19 mm, density 5-10 j.H.).

cortisol concentration was over 1.8 ug/dL, the absence of cor-

tisol excess in other tests confirmed:

e normal 24-h urinary free cortisol, morning adrenocortico-
tropin (ACTH), and midnight cortisol measurements

* normal plasma renin activity and aldosterone levels during
postural change

e normal 24-h urinary excretion of catecholamines

» computed tomography (CT) characteristics suggested adeno-
ma (lesion with a radiation attenuation coefficient <10 IU)

Figure 1 shows CT a non-functional right adrenal adenoma.
SCORE2 and SCORE2-OP Algorithm

Systematic Coronary Risk Evaluation Model 2 (SCORE2) is an
algorithm derived to predict an individual’s 10-year risk of fatal
and non-fatal CVD in individuals aged 40-69 years in Europe. For
healthy population aged >69 years, the SCORE-Older Persons
(SCORE2-0OP) algorithm estimates 5-year and 10-year fatal
and non-fatal CVD across Europe [18,19]. For Poland, the al-
gorithm is specifically tailored for a high-risk region. To esti-
mate cardiovascular (CV) risk using SCORE2 and SCORE-20P
algorithms, the following predictors were selected: sex, age,
current smoking status, history of diabetes mellitus, systolic
blood pressure (SBP), and non-HDL cholesterol levels. Based
on these parameters and information, the algorithms classi-
fy patients into 3 categories of CV event risk: 1) low-to-mod-
erate risk, 2) high risk, and 3) very high risk. In our study, 16
patients were in the low-to-moderate risk group, 28 patients
were in the high-risk group, and 62 patients were in the very

high-risk group. The CVD risk categories based on SCORE2
and SCORE2-OP in study population are presented in Figure 2.

CV risk based on the SCORE2, and SCORE2-OP algorithms was
estimated using data obtained from patient medical history as-
sessments and laboratory test results. To calculate the risk, we
collected information on sex, age, smoking status, history of
diabetes mellitus, SBP, and non-HDL cholesterol levels, which
were calculated using laboratory results for total cholester-
ol (TC) and low-density lipoprotein cholesterol (LDL). Patients
aged <50 with an estimated CV event risk of <2.5% were clas-
sified as low-to-moderate risk, 2.5% to <7.5% as high risk,
and >7.5% as very high risk. For patients aged 50-69 years,
risks <5% were low-to-moderate risk, 5% to <10% were high
risk, and >10% were very high risk [18]. The SCORE2-OP algo-
rithm, used for patients >70 years old, classified risks <7.5%
as low-to-moderate, <7.5% to <15% as high risk, and >15%
as very high risk [19].

Laboratory Measurements

The study consisted of 2 parts: a structured medical interview
and a physical examination. The medical assessment covered
age, sex, medical history (smoking status), and measurements
of anthropometric and biochemical parameters. All biochemi-
cal tests were performed after fasting, in the morning. Fasting
blood glucose [mmol/L], total cholesterol (TC) [mmol/L], HDL
cholesterol [mmol/L], LDL cholesterol [mmol/L], non-HDL cho-
lesterol [mmol/L], and triglycerides [mmol/L] were measured.
Blood pressure [mmHg] was measured in a seated position,
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Figure 2. CVD risk categories based on SCORE2
and SCORE2-OP in study population
based on [16,31].

Low-to-moderate CVD risk:
<50years: <2.5%
50-69 years: <5%
>70years: <7.5%

High CVD risk:
<50 years: <7.5%
50-69 years: <10%
>70 years: <15%

Very high CVD risk:
<50years: >7.5%
50-69 years: >10%
>70years: >15%

N=16 N=28
(15.09%) (26.42%)

N=62
(58.49%)

after waking up. Based in medical history and the latest test
results, patients were categorized into those with diabetes and
those without. Patients with diabetes were excluded according
to the guidelines of the Polish Diabetes Society (PTD), which
define diabetes as: fasting plasma glucose >7.0 mmol/|, ran-
dom plasma glucose >11.1 mmol/l with symptoms of hyper-
glycemia, 2-h post-load glucose >11.1 mmol/l during an oral
glucose tolerance test (OGTT), and HbA1c >6.5% [25].

Anthropometric Indices

Height and weight were measured by standard methods in
the morning, and body mass index (BMI) was calculated by
the following formula:

BMI=body weight [kg]/height [m]2.

WHR was calculated as:
WHR=waist circumference [cm]/hip circumference [cm].

Atherogenic Indices

Atherogenic indices was computed as:
Triglyceride-glucose index (TyG index)=
In [fasting glucose [mg/dL]xTG [mg/dL/2].

Triglyceride-glucose body mass index (TyG BMI index) was
defined as:

[fasting plasma glucose [mg/dL]xfasting triglycerides
[mg/dL]/2]xBMI.

Lipoprotein Combine Index (LCI) was computed using the fol-
lowing formula:

LCl=(TC [mmol/L]xTG [mmol/L]xLDL-C [mmol/L])/HDL-C [mmol/L]).

Castelli’s risk index-I was computed as:
(TC/HDL-C).

Castelli’s risk index-Il was computed as:

(LDL-C/HDL-C).

Atherogenic coefficient (AC) was calculated as:
AC=(TC-HDL-C/HDL-C).

Atherogenic index of plasma (AIP) was computed as:
AlP=(log (TG/HDL-C).

Triglyceride to HDL cholesterol was calculated as:
(TG/HDL-C).

The metabolic score for insulin resistance (METS-IR) was com-
puted as:

(In ((2xfasting glucose) (mg/dL)+TG (mg/dL)xBMI)/(In (HDL-C)
(mg/dl).

Statistical Analysis

Data distribution was assessed using the Shapiro-Wilk test.
Analyzed variables are shown as a median with interquartile
range when the deviations from Gaussian distribution were
significant, and as a mean and standard deviation (SD) for nor-
mally distributed data. Differences in each variable at the 3
groups of patients (low-to-moderate CVD risk, high CVD risk,
very high CVD risk) were determined using the Kruskall-Wallis
test with the post hoc multiple comparison test performed
for non-normally distributed data. Differences in evaluat-
ed parameters were visualized with boxplots showing inter-
quartile range of variables and significance levels of post hoc
comparisons. Correlations between the examined variables
were evaluated using Pearson’s or Spearman’s coefficients,
for normally and non-normally distributed data, respectively.
The chi-square test was used to determine associations be-
tween categorical variables. A receiver operating characteris-
tic (ROC) analysis was performed to evaluate laboratory pa-
rameters as potential biomarkers for high and very high risks
of CVD. Youden Index method was used to determine opti-
mal cut-off value. Significance was defined at P values <0.05.
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Table 1. Comparison of baseline clinical characteristics between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2
Parameter Low and moderate risk High risk Very high risk

(N=16) (N=28) (N=62)
Sex: Women, n (%) 16 (100) 21 (75) 41 (66.13) 0.003

Aldosterone while the

S 9.75 (7.40-37.50) 8.50 (5.50-70.00) 10.60 (5.70-59.00) 09153
Aldosterone while the
person is in motion 19.1 (10.90-39.30) 20.15 (6.40-84.30) 17.45 (6.75-66.25) 0.9616
[nmol/L]
U R 7.61 (1.05-12.00) 221 (0.81-13.40) 8.11 (3.56-45.39) 0.0736
at rest [nmol/L] ’ ’ ’ ’ ’ .
Renin while the person is 11.94 (2.36-28.00) 2.83 (0.81-25.19) 16.06 (6.38-87.03) 0.0546
motion [nmol/L]
DHEAS [umol/L] 9570 (66.80-162.80)  102.45 (59.30-146.15) 85.10 (65.40-165.20) 0.8402
[S%Z:T_::] PRI 130.00 (120.00-130.00) 130.00 (130.00-140.00) 140.00 (130.00-150.00) 0.001b
Diastolic blood pressure

80.00 (75.00-80.00) 80.00 (80.00) 80.00 (80.00-90.00) 0.55
[mmHg]
Hypertension, n (%) 5 (31.25) 6 (21.42) 29 (46.77) 0.1
Impaired fasting glucose, 2 (1.25) 8 (28.57) 9 (14.52) 021
n (%)
Ll IR 1 (0.06) 5 (17.86) 10 (16.13) 051

tolerance, n (%)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
2945899-5 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Jabczyk M. et al:

CLINICAL RESEARCH CVD risk in NFA patients

© Med Sci Monit, 2024; 30: €945899

Table 1 continued. Comparison of baseline clinical characteristics between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2

Parameter Low and moderate risk High risk Very high risk P value
(N=16) (N=28) (N=62)
Insulin resistance, n (%) 3 (18.75) 2 (0.070 2 (3.26) 0.10
 Hypothyroidism, n (%) [ 3 873 1 008 o (14520 025
 Hyperthyroidism, n (%) | o 3 071) o 001

Chronic autoimmune

thyroiditis, n (%) 3 (18.75) 1 (0.04) 9 (14.52) 0.25

TSH — thyroid stimulating hormone; FT3 — free triiodothyronine; FT4 — free thyroxine; Na — sodium; K — potassium; CRP — C-reactive
protein; ACTH — adrenocorticotropic hormone; DHEAS — dehydroisoandrosterone sulphate. 2 Kruskall-Wallis test: significant difference
for: low risk vs high risk; ® Kruskall-Wallis test: significant difference for: low risk vs moderate risk; ¢ Kruskall-Wallis test: significant
difference for: moderate risk vs high risk.

The statistical analysis was conducted using STATISTICA 13 WHR value (0.95; 0.89-0.98) compared to low- and moderate-
software (StatSoft, Tulsa, OK, USA) and R Studio (Integrated risk patients (0.89; 0.84-0.91; P=0.0049). Also, high-risk patients
Development for R. RStudio, PBC, Boston, MA, USA). had a higher WHR value (0.92; 0.87-0.97) compared to low and

moderate risk patients (0.89; 0.84-0.91; P=0.0032) (Figure 7).

Results Glucose Metabolism Parameters Between the SCORE2 and
SCORE2-OP Groups

Characteristic of the Study Group
Table 3 shows a comparison of glucose metabolism parameters
A total of 106 patients with NFA diagnosis were included in the between the SCORE2 and SCORE2-OP groups. Only fasting glu-
study. The mean age of patients was significantly different be- cose [mmol/L] was significantly different between the analyzed
tween the analyzed groups of CVD risk based on SCORE2 and groups (P=0.035). Patients with low and moderate CVD risk had
SCORE2-0OP (P<0.0001). Among the groups of low and mod- significantly lower fasting glucose levels compared to patients
erate CVD risk based on SCORE2 and SCORE2-OP the mean with high CVD risk (5.35; 5.08-5.61 vs 5.78; 5.39-6.03; P=0.0093)
age was 47.94+5.37 years. In the high-risk group the mean as well as compared to patients with very high risk (5.35; 5.08-
age was 59.21+6.45 years, and in the very high-risk group the 5.61 vs 5.83; 5.22-6.28; P=0.0230). There was no significant differ-
mean age was 66.22+7.48 years. ence between patients with low and moderate CVD risk compared
to those with very high CVD risk (P=0.85), as shown in Figure 8.
Baseline Clinical Parameters Between SCORE2 and
SCORE2-OP Lipid Parameters Between the SCORE2 and SCORE2-OP
Groups
There was no statistically significant difference between the
analyzed groups of CVD risk in most clinical parameters ex- There was no significant difference in lipid parameters be-
cept for sodium (P=0.034), hemoglobin (0.016), urinary cortisol ~ tween the groups based on CVD risk according to SCORE2 and
levels (0.0347) and systolic blood pressure (P=0.001). A com- SCORE2-OP (Table 4).
parison of baseline clinical parameters between the SCORE2
and SCORE2-OP groups is shown in Table 1 and Figures 2-6. Atherogenic Indices Between the SCORE2 and SCORE2-OP

Groups
Anthropometric Parameters and Indices Between SCORE2
and SCORE2-OP Groups There was no significant difference in atherogenic indices be-
tween the groups based on CVD risk according to SCORE2 and
A comparison of baseline anthropometric parameters and in- SCORE2-OP (Table 5).

dices between the SCORE2 and SCORE2-OP groups is shown in

Table 2. Among anthropometric parameters and indices, only ~ The ROC analysis demonstrated poor predictive value of fast-
the WHR index was significantly different between the ana- ing glucose in identifying high and very high risk of CVD
lyzed groups (P=0.016). Very high-risk patients had a higher  (Table 6, Figure 9).
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Figure 3. Kruskall-Wallis test with the post hoc multiple
comparison test for sodium concentrations in CVD risk

Figure 5. Kruskall-Wallis test with the post hoc multiple
comparison test for urinary cortisol levels in CVD risk
groups.

groups.
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Figure 4. Kruskall-Wallis test with the post hoc multiple
comparison test for hemoglobin concentrations in CVD
risk groups.

Discussion

In this study, which included 106 patients, we aimed to assess
CVD risk using SCORE2 and SCORE2-OP charts in individuals
with NFA. We also analyzed metabolic disorders and various
inflammatory and atherogenic indices (TyG index, TyG BMI,
LCI, AIP, AC, Castelli risk-I, Castelli risk-1l, TG/HDL ratio) across
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Figure 6. Kruskall-Wallis test with the post hoc multiple
comparison test for systolic blood pressure in CVD risk
groups.

groups with varying CVD risk (low, high, very high). To our
knowledge, this is the first study to analyze CVD risk groups
according to the updated SCORE2 and SCORE2-OP charts,
which is a notable strength of our work. Our analyses dem-
onstrated statistical significance for variables such as WHR
(P=0.016), very high-risk patients had a higher WHR value
(0.95; 0.89-0.98) compared to low-to-moderate-risk patients
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Table 2. Comparison of anthropometric parameters and indices between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2

GELEITIRCY Low and moderate risk
(N=16)

Body weight [kg] 82.20 (68.45-95.00) 74.4
CWeightlem] 16575 (15950-170.00) 162.
CBMiindexfkg/m?] 2945 (24753335 281
 Waist circumference [cm] 9825 (87.50-106.50)  95.5
Hip circumference [em] 107.50 (100.50-11600) 102
weR 089 (084091 092

162.25

102.00

High risk Very high risk P value
(N=28) (N=62)
(65.75-79.75) 71.50 (65.20-80.70) 0.2337
””” (157.75-169.75) 16200 (15600-16800) 03764
””” (25.05-2980) 2810 (25303080 064
””” (88.50-10400) 9925 (89.00-10800) 05676
””” (98.00-10800) 10300 (99.00-11000) 02388
””” (087-097) 095 (089-098) 0016

BMI — body mass index; WHR — waist-to-hip ratio. ® Kruskall-Wallis test: significant difference for: low risk vs moderate risk.
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Figure 7. Kruskall-Wallis test with the post hoc multiple
comparison test for WHR in CVD risk groups.

(0.89; 0.84-0.91), P=0.0049, and high-risk patients had a high-
er WHR value (0.92; 0.87-0.97) compared to low and moder-
ate risk patients (0.89; 0.84-0.91), (P=0.032), fasting glucose
(P=0.035), urinary cortisol levels (P=0.0347), serum sodium
concentration (P=0.034), hemoglobin levels (P=0.016), and
systolic blood pressure (P=0.001).

We observed a significant correlation between WHR and CVD
risk, with higher WHR associated with increased risk in the
high-risk (P=0.032) and very high-risk group (P=0.0049) com-
pared to the low-risk group (P=0.016). This finding aligns with
the results of Cavalari et al [10]. Our study did not find a sig-
nificant correlation between CVD risk groups based on BMI,
WG, and hip circumference, consistent with findings in other

studies [10,16,17]. The WHR, reflecting both central and pe-
ripheral fat distribution, may provide a more comprehensive
assessment of CVD risk compared to individual measurements
of WC or hip circumference.

Previous research has indicated significant associations be-
tween NFA and glucose metabolism parameters, such as IR and
MetS [26,27]. Emral et al [28] demonstrated increased risk of IR
and MetS in patients with NFA. However, our study did not find
statistically significant correlations between the prevalence of
IR or impaired glucose tolerance, glucose, and insulin levels at
60 minutes and 120 minutes after the glucose tolerance test,
fasting insulin levels, HbA1C, and HOMA-IR index. Notably, our
study excluded patients with diagnosed diabetes, as diabetes
is not considered in the SCORE2 and SCORE2-OP risk assess-
ment charts. Fasting glucose levels were significantly higher in
patients with high (P=0.0093) and very high (P=0.023) CVD risk
groups compared to those with low risk (P=0.035). Although
a ROC analysis for fasting glucose suggested a moderate dis-
criminative ability for assessing CVD risk (Youden index value
of 0.38), it highlights the need for further exploration of glucose
metabolism in NFA patients. Araujo-Castro et al [27,29] sug-
gested that patients with MACS have a higher risk of diabetes
compared to those with NFA. In line with Krzyzewska et al’s [16]
findings, we observed that the prevalence of impaired fasting
glucose was significantly higher in NFA patients. Additionally,
they identified diabetes in nearly 30% of their NFA patients [16].

No significant differences were observed between CVD risk
groups concerning dyslipidemia and atherogenic indices.
Cavalari et al [10] reported higher non-HDL levels among NFA
patients compared to a control population. Our results did not
include non-HDL in the analysis, as it is part of the SCORE2
and SCORE2-OP charts. The presence of lipid-lowering treat-
ments among some patients may have influenced our results.
Mintziori et al [30] investigated whether lipid parameters could
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Table 3. Comparison of glucose metabolism parameters between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2

Parameter

Low and moderate risk

(N=16)

Fasting glucose [mmol/L] 5.35 (5.08-5.61)

Glucose after 120 min [mmol/L]
(glucose tolerance test)

Glucose after 60 min [mmol/L]
(glucose tolerance test)

Insulin after 60 min [pmol/L]

(glucose tolerance test) 1220 (Casl L0

HOMA-IR index 1.07 (1.01-3.40)

High risk P value
(N=28)
5.78 (5.39-6.03) 583 (5.22-6.28) 0.035%
7.19 (5.87-8.75) 639 (5.61-7.92) 0.5449
9.85 (9.61-12.21) 9.42 (7.83-11.22) 0.2054
660 (460-35.80 615 (430065 008
53.85 (35.80-90.40)  55.05 (40.70-76.60) 0.1225
5745028 592:067 020
161 (1.07-246) 228 (14304) 02735

HbA1C — glycated hemoglobin; HOMA-IR — homeostatic model assessment for insulin resistance. Kruskall-Wallis test with the post
hoc multiple comparison test. @ Kruskall-Wallis test: significant difference for: low risk vs high risk; ® Kruskall-Wallis test: significant

difference for: low risk vs moderate risk.

Group
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Figure 8. Kruskall-Wallis test with the post hoc multiple
comparison test for fasting glucose in CVD risk groups.

predict autonomous cortisol secretion, finding no significant
differences in the prevalence of dyslipidemia between NFA
patients and those with cortisol-secreting adenomas. Lipid
disorders among NFA patients may be associated with sub-
clinical hypercortisolism [30,31]. There are reports suggest-
ing improvements in lipid profile, glycemic profile, and blood
pressure control after adrenalectomy [27,32,33], which may
indicate that subtle cortisol hypersecretion occurs in NFA pa-
tients, potentially impacting CVD risk [31].
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In our study, significant alterations in urinary cortisol levels
were observed among CVD risk groups (P=0.035), particularly
between the low- and high-risk groups (P=0.0079). This find-
ing may suggest that assessing the steroid profile in urine
among NFA patients could help identify those with glucocor-
ticoid pathway hyperactivity [11].

Hypertension remains a major risk factor for CVD. The prev-
alence of hypertension in the adult population is estimated
at around 31-32.5% and increases with age. In our study, the
average age differed between CVD risk groups: low CVD risk
(47.94 years), high CVD risk (59.21 years), and very high CVD
risk (66.22 years). SCORE2 and SCORE2-OP risk assessment ac-
count for increased blood pressure with age. Our study dem-
onstrated significant differences in systolic blood pressure
(SBP) between the low and very high CV risk groups (P=0.0015)
and between the high and very high CV risk groups (P=0.011).
While many studies have reported higher SPB values in NFA
patients [11,16,26,34], some studies did not find significant
correlations [29]. This discrepancy may be attributed to the
use of antihypertensive medications among some patients in
our study. Despite this, our findings highlight a significant cor-
relation between higher SPB and CVD risk, underscoring the
need for effective blood pressure management in NFA patients.

Our study also identified significant differences in serum so-
dium concentration (P=0.02), aligning with finding from oth-
er study [26]. Electrolyte balance, particularly sodium is an in-
triguing area for further research on NFA.
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Table 4. Comparison of lipid parameters between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2

Parameter

Low and moderate risk High risk Very high risk
(N=16) (N=28) (N=62)

Total cholesterol [mmol/L] 5.49+0.88 5.33+1.05 5.55+1.33 0.7
IDLcholesterol [mmol/l] 3391073 297:089 3284123 041
| HDL cholesterol [mmol/l] 152 (124167 171 (136199 148 (1221989 030
 Non-HDL cholesterol [mmol/l] 390 (364436) 339 249429) 397 266488 02704
Triglycerides [mmoll] 121 089156 124 094168 116 089158 0ss

LDL cholesterol — low-density lipoproteins; HDL cholesterol — high-density lipoprotein. Kruskall-Wallis test with the post hoc multiple
comparison test.

Table 5. Comparison of atherogenic indices between the SCORE2 and SCORE2-OP groups.

CVD risk based on SCORE-OP/SCORE-OP2

Parameter Low and moderate risk High risk Very high risk
(N=16) (N=28) (N=62)

Castelli’s risk index-I 3.83 (3.23-4.46) 3.06 (2.30-3.91) 3.35 (2.49-4.77) 0.15
Castellis riskindex-t 243 (194296) 174 (112253 206 (128312 012

?Atrp‘;mge"ic Index of plasma -0.07+0.25 -0.130.28 -0.09£0.29 0.84
 Atherogenic coefficient (AQ) 283 (223-346) 207 (130291 235 (149377) 015
 Lipoprotein combine index (LC) 120 (10.28-28.86) 1209 (452-1889) 1453 (503-2649) 065
TGMDLCratio 190 (125257) 169 (116244) 176 (111304) 08122
CMETSR 42471996 3748 (33894152 3852 (34194555 053
CTYGindex 856041 8676052 8651052 0s7
CTYGBMiindex 25025 (207.95-29339) 24021 (214.38-261.75) 238.94 (208.03-270.25) 1 089

TG/HDL ratio — the triglyceride/high-density lipoprotein cholesterol ratio; METS-IR — metabolic score for insulin resistance; TyG index
— triglyceride-glucose index; TyG BMI index — triglyceride-glucose-body mass index. Kruskall-Wallis test with the post hoc multiple
comparison test.

Table 6. Receiver operating characteristic (ROC) curves identifying high and very high risk of CVD.

Parameters Rarameiee AUC Sensitivity Specificity
cut-off (95% Cl) (%) (%)
Fasting glucose 0.69
[mmol/L] >61 (0.57-0.82) L e 0.93 0.27 0.0100

AUC - area under the curve; Cl — confidence interval; PPV — positive predictive value; NPV — negative predictive value; ROC — receiver
operating characteristic.
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Figure 9. Fasting glucose receiver operating characteristic (ROC)
curve for prediction high and very high risk of CVD.

Lastly, significant differences in hemoglobin levels were
observed between the low and very high CV risk groups
(P=0.0044). However, the role of hemoglobin in CVD in NFA
patients requires further investigation.

The results of our study should be viewed in light of its lim-
itations, including lack of a control group, and its relative-

ly small sample size, resulting from strict inclusion criteria,
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which is common in studies involving NFA. Despite these lim-
itations, our study makes a valuable contribution to research
on NFA and CVD risk.

Conclusions

The use of SCORE2 and SCORE2-OP charts in 106 patients with
NFA reveals that elevated fasting glucose levels are significant-
ly associated with higher cardiovascular risk in this group, par-
ticularly in those classified in high- or very high-risk categories.
Additionally, SBP and WHR were identified as cost-effective,
simple measures for predicting of CVD among NFA patients.
However, other metabolic markers and indices did not show
any significant differences across CVD risk groups. Recognizing
that NFA patients may exhibit elevated fasting glucose levels,
higher SBP, and increased WHR highlights the need for in-
creased vigilance and regular assessment. Monitoring these
parameters may prompt clinicians to consider earlier pharma-
cological or surgical interventions.
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