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ABSTRACT

Aim: The coronary flow reserve (CFR) is a sign of endothelial dysfunction and early-stage coronary artery disease (CAD). Plasma
atherogenic index (PAI) is related to subclinical CAD and may be used as a predictor of cardiovascular mortality. Our aim is to
determine CFR and PAI in patients with AS and to investigate whether PAI can be used in the detection of early stage CAD.

Methods: The study population comprised 48 patients, who were diagnosed with AS based on modified New York criteria and
35 healthy volunteers. PAI values were calculated with the formula log 10 triglyceride (TG) / high-density lipoprotein (HDL).

Results: No difference was detected between the two groups for the demographic variables, including age, sex and BMI. The
comparison of the groups for PAI and CFR demonstrated that PAI levels were observed to be significantly higher and CFR
levels were observed to be significantly lower in the AS patients (p=0.01, p<0.001, respectively). Correlation analysis revealed
that CFR and PAI were negatively correlated (PAI- p<0.0001 r=-0.661). When two groups were formed, one below CFR level 2
and the other above CFR level 2, only PAI was found to increase significantly from the new lipid indices (p=0.004).

Conclusion: There is an independent negative correlation between PAI and CFR values. PAI may be useful in identifying AS
patients facing high risk of adverse cardiovascular events, and may also enable the early diagnosis of subclinical atherosclerosis.
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INTRODUCTION

Ankylosing spondylitis (AS) is a rheumatic disease,
which is characterized by chronic inflammation that
severely affects the axial skeleton. Sacroiliitis being
its distinguishing feature, this disease causes spinal
ankyloses as a result of both inflammations at tendon
attachment points and syndesmophyte formation.
Known to vary among populations, the prevalence of
this disease ranges between 0.1-2%.'

AS may also affect extra-articular structures, including
the eyes, lungs and heart. Of all AS patients, 2-10%
present with cardiac signs, including -early-stage
atherosclerosis. While the risk of cardiovascular disease
associated with autoimmune diseases is considered
to be multifactorial, accelerated atherogenesis caused
by systemic inflammatory response is considered
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to have a significant place among the underlying
physiopathological mechanisms.”’

The coronary flow reserve (CFR) is defined as the ratio
of the hyperemic diastolic peak flow velocity to baseline
diastolic peak flow velocity, and is considered to be a
basic indicator of coronary microvascular function.
Reduced CFR is a sign of endothelial dysfunction,
atherosclerosis and early-stage coronary artery disease
(CAD). CFR has been shown to have prognostic value
in the assessment of cardiovascular events associated
with various systemic diseases.”® CFR can be measured
by transthoracic echocardiography. This method is
preferred due to its high diagnostic accuracy, versatility,
low cost and particularly avoiding exposure to
radiation.”

@ G)@@ This work is licensed under a Creative Commons Attribution 4.0 International License.


https://orcid.org/0000-0003-0792-628X
https://orcid.org/0000-0003-2340-027X
https://orcid.org/0000-0003-4472-4847
https://orcid.org/0000-0001-6249-9220
https://orcid.org/0000-0002-6507-9827
https://orcid.org/0000-0003-0398-2647
https://orcid.org/0000-0002-8603-9330
https://orcid.org/0000-0002-5866-7153
https://orcid.org/0000-0001-7417-4001

Ozkan et al. CFR and PAI in ankylosing spondylitis

] Health Sci Med. 2023;6(6):1215-1222

While conventional atherogenic lipid parameters are
still used for the assessment of CAD risk, many large-
scale epidemiological studies have demonstrated that
novel lipid indices, such as the plasma atherogenic
index (PAI), offer a better estimation for atherosclerotic
CAD risk, compared to conventional parameters.®"’
The recently popular PAI is a novel lipid index, which
is the logarithmically converted ratio of the molar
concentrations of triglyceride to high-density lipid
cholesterol (HDL-C). Research has shown that PAI is
related to atherosclerosis and subclinical coronary artery
disease, and may be used as a predictor of cardiovascular
mortality.'""

The present study was aimed at determining CFR, as an
indicator of subclinical atherosclerosis, and PAI, for the
assessment of CAD risk, in patients diagnosed with AS.
Furthermore, it was aimed to investigate whether PAI
could be used in the detection of early-stage CAD.

METHODS

The study was carried out with the permission of Istanbul
Medeniyet University, Goztepe Training and Research
Hospital Ethics Committee (Date: 22.07.2020, Decision
No: 2020/0459). All procedures were carried out in
accordance with the ethical rules and the principles of the
Declaration of Helsinki. All patients, who participated in
the study, were informed prior to their registration, and
both their written and verbal consent were obtained.

Study Population

The study population comprised 48 patients, who were
admitted to the rheumatology polyclinic of our hospital
and were diagnosed with AS based on modified New York
criteria. After their detailed medical history was recorded,
the AS patients underwent physical examination. Thirty-
five healthy volunteers, who matched the AS patients for
age, sex and body mass index (BMI), were included in
the study as control subjects.

Individuals under the age of 18, those with a medical
history of stroke, and persons with congestive heart
failure, CAD, dilated/hypertrophic or restrictive
myopathies, severe valvular heart disease, hypertension
(HT), diabetes/impaired glucose tolerance, obstructive
sleep apnoea, dyslipidaemia, and morbid obesity
(BMI >35 kg/m?), as well as smokers, alcoholics (with
an excessive alcohol consumption >120 g/day), and
individuals with diseases such as renal and hepatic failure
that may affect the coronary blood flow, and those with
associating systemic diseases were excluded from the
study. Furthermore, asthma patients were excluded for
safety reasons, and individuals with cardiac arrhythmia
and those, for whom it was not possible to perform CFR
measurements due to images of suboptimal quality, were
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also excluded from the study. Persons with a medical
history of vasoactive drug use, and those with abnormal
basal electrocardiographs (i.e., showing the presence of
Q-waves and left branch blockage, an altered ST-segment
or myocardial ischaemia-specific T-wave alterations)
were also excluded from the study.

Biochemical Parameters and Plasma Atherogenic
Index

Venous blood samples were taken from both the AS
patients and controls in the morning, after a fasting
period of 10-12 hours. Fasting glucose, total cholesterol
(TC), high-density lipoprotein (HDL) cholesterol
and triglyceride (TG) levels were measured. High-
sensitivity C-reactive protein (hsCRP) plasma levels were
detected. Low-density lipoprotein (LDL) cholesterol
levels were calculated using the Friedewald formula
(TC=LDL+HDL+TG/5). PAI values were calculated
with the formula log10 TG/HDL. Non-HDL cholesterol
levels were calculated by subtracting the HDL level from
the TC level. The Castelli risk indices (CRI) I and II
were calculated with the formulae TK/HDL and LDL/
HDL, respectively. The atherogenic coefficient (AC) was
calculated by dividing the non-HDL level by the LDL
level. When calculating the PAI, the TG and HDL levels
were firstly converted to their molar equivalents, and
then the formula log (TG/HDL-C) was applied.

Echocardiographic and Coronary Flow Reserve
Assessments

Assessments were made using a Vivid-6 (GE Medical
Systems, Horten-Norway) ultrasound device and with
secondary harmonic imaging. All data were stored
digitally and were analysed by a cardiologist, who was
known to be experienced in echocardiography and
was blinded to the clinical and laboratory data. The
conventional echocardiographic assessment of the AS
patients and healthy controls was made according to the
standards described by the American Echocardiography
Association. The left ventricular mass was calculated
with the Devereux formula, using the end-diastolic left
ventricular wall thickness and left ventricle diameter. The
ejection fraction of the left ventricle was calculated using
the modified Simpson’s method and apical views.

For the assessment of the CFR, the transducer was
positioned at the level of the fourth and fifth intercostal
spaces, near the midclavicular line, such that the left
anterior descending (LAD) artery was imaged through
modified two or four chamber windows while the
patients were in the left lateral position. The patients were
continuously monitored, both echocardiographically
and for heart rate. B mode and Doppler imaging were
performed at transducer frequencies of 8 MHz and 1.00-
2.50 kHz, respectively. All individuals were given an
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infusion of dipyridamole, at a dose of 0.56 mg/kg for 4
minutes. Individuals, for whom the targeted heart rate
was not achieved, were administered with an additional
dose of 0.28 mg/kg. In the AS patients and healthy
controls, CFR was measured with the pulse wave Doppler
method, using the basal diastolic current velocity and
the peak current velocity after dipyridamole infusion.
To determine the diastolic peak flow velocities (DPFV),
measurements were performed during at least 3 cycles,
more specifically, at rest, during maximal dipyridamole
infusion, and 3 minutes after the dipyridamole infusion
was terminated. Subsequently, the average was calculated.
CFR was defined as the ratio of the hyperaemic diastolic
peak velocity to the baseline diastolic peak velocity,
and CFR values >2.0 were considered to be normal. All
echocardiographic procedures were performed by a single
researcher. The observer variability of our laboratory was
as indicated in previous study."”

Statistical Analysis

Statistical analyses were performed using the SPSS
software (Version 26, Chicago, IL, USA). The
homogenous distribution of the groups was assessed
with the Kolmogorov-Smirnov test.

Group comparisons of the variables, for which the
groups were determined to display a homogenous
distribution, were made with Student’s t-test. The results
are given as meantstandard deviation. The comparison
of the variables, for which the groups did not display a
homogenous distribution, was made with the Mann-
Whitney U test. These results are given as minimum-
maximum values.

Correlations were analysed with Pearson’s correlation
analysis. For all analyses, a p<0.05

value was considered statistically significant. In bivariate
correlation analyses, while an r value <0.30 indicated the
absence of a correlation or the presence of a very weak
correlation, an r value <0.50 indicated a weak correlation,
and r values >0.50 indicated a moderate or strong
correlation between the variables.

RESULTS

The basal demographic data and clinical and laboratory
findings of the AS patients and healthy controls are
shown in Table 1. No difference was detected between
the two groups for the demographic variables, including
age, sex and BMI. CRP levels were significantly higher in
the diseased group, whilst CFR levels were significantly
lower (Figure 1). While the groups did not differ for the
conventional lipid parameters, such as TC, HDL, LDL
and non-HDL levels, the AS patients were observed to
display significantly higher TR levels (p=0.01).

Table 1. Comparison of demographic, clinical and laboratory

values of patient and control groups

Patients Control
n=48 n=35 P
Age (years) 39.6+9.7 37.7+6.4 0.33
Gender (F, n) 31 21 0.78
BMI (kg/m?) 25.9+3.2 26.3+2 0.32
Glukoz (mg/dl) 93.7£7.3 91.3+£5.8 0.11
TC (mg/dl) 184.3+37 180.4+27.5 0.60
TG (mg/dl) 142.4+74 105.2+50.6 0.01
HDL (mg/dl) 42.6 (26-105)  45.14 (30-63)  0.06
LDL (mg/dl) 109.9£29.9 114.6+25 0.45
Non-HDL (mg/dl) 141.8+39 135.2+25.8 0.38
PAI 0.49+0.3 0.32+0.26 0.01
CCI-1 4.6+1.43 4.11+0.86 0.07
CCI-2 2.77£1.01 2.61+0.69 0.43
AC 3.61+1.44 3.11+0.87 0.07
CFR 2.21+0.45 3.01+0.5 <0.001
hsCRP (mg/dI) 7.36 (0.45-19)  2.18 (0.5-6.0)  <0.001

TC; Total cholesterol, HDL; High-density lipoprotein cholesterol, TG; triglyceride,
LDL; Low-density lipoprotein, PAI; Plasma atherogenic index, CRI; Castelli risk indice,
AC; Atherogenic coefficient, CFR; Coronary flow reserve, hsCRP; High-sensitivity
C-reactive protein
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Figure 1. Comparison of CFR levels of AS patients and control
groups. CFR; Coronary flow reserve, AS; Ankylosing spondylitis

The comparison of the groups for the novel lipid
indices demonstrated no difference to exist for CCI-
1, CCI-2 and AC, whilst PAI levels were observed to
be significantly higher in the AS patients (p=0.01)
(Figure 2).

Correlation analysis revealed that the novel lipid
indices, including CFR and TRG, as well as non-HDL
and PAI, were negatively correlated, whilst CFR and
HDL were positively correlated with each other (PAI
- p<0.0001 r=-0.661; CCI-1 - p=0.001 r=-0.483; CCI-
2 - p=0.011 r=-0.0362; AC - p=0.001 r=-0.481) (Table
2). The correlation between CFR and PAI is shown in
Figure 3.
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Figure 2. Comparison of PAI levels of AS patients and control
groups. PAL; Plasma atherogenic index, AS; Ankylosing spondylitis

group

Table 2. Correlation analysis of non-CFR parameters between CFR

in AS patients

CFR

r values p values
PAI -0.661 <0.0001
AC -0.481 0.001
CCI-1 -0.483 0.001
CCI-2 -0.362 0.011
CRP (mg/dl) 0.299 0.131
TC (mg/dl) -0.187 0.204
TG (mg/dl) -0.529 <0.0001
HDL (mg/dl) 0.477 0.002
LDL (mg/dl) -0.164 0.266
Non-HDL (mg/dl) -0.347 0.016

CFR; Coronary flow reserve, AS; Ankylosing spondylitis, PAI; Plasma atherogenic
index, AC; Atherogenic coefficient, CRI; Castelli risk indice, hsCRP; High-sensitivity
C-reactive protein TC; Total cholesterol, TG; triglyceride, HDL; High-density
lipoprotein cholesterol, LDL; Low-density lipoprotein
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Figure 3. Relationship between PAI and CFR in patients with AS.
CFR; Coronary flow reserve, PAL; Plasma atherogenic index, AS;
Ankylosing spondylitis
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Two groups were established, based on the measurement
of the level of CFR as an indicator of atherosclerosis,
one including individuals with a CFR level below 2 and
the other including those with a CFR level above 2. TR
levels were significantly higher and HDL levels were
significantly lower in the group with lower CFR levels
(p=0.03, p=0.02 and p=0.04, respectively). Of the novel
lipid indices only PAI was determined to have significantly
increased (p=0.004). No difference was detected for the
other demographic parameters, examination findings or
lipid parameters/indices (Table 3).

Table 3. Comparison of demographic, clinical and laboratory

values between subgroups with low and high CFR levels (cut-off
value 2 for CFR)

CFR <2 CFR >2

(n=16) (n=32) p
Age (years) 36.3+11.1 41.2+8.6 0.09
Gender (F n=31) 9 22 0.39
BMI (kg/m?) 25.9+3.7 25.8+2.8 0.94
SBP (mmHg) 127.6+8.2 131.3£5.6 0.09
DBP (mmHg) 78.2+4.1 80.3+4.2 0.13
TC (mg/dl) 187.1£38.2 182.8+36.4  0.70
TG (mg/dl) 188.4+75.4 119.3+62.5 0.02
HDL (mg/dl) 37.1 (26-47) 45.7 (30-105)  0.04
LDL (mg/dl) 110.5+29.5 109.5+30.7 0.91
Non-HDL (mg/dl) 150.9+£38.2 137.3+£39.2 0.25
PAI 0.66+0.23 0.40+0.30 0.004
AC 4.09+1.13 3.37+1.54 0.10
CCI-1 5.06+1.09 4.37+1.54 0.11
CCI-2 2.97+0.74 2.67+1.12 0.33
hsCRP (mg/dl) 7.99 (0.45-17.9)  5.43 (0.6-19) 0.03
CFR; Coronary flow reserve, SBP; Systolic blood pressure, DBP; Diastolic blood
pressure, BMI; Body mass index TC; Total cholesterol, HDL; High-density lipoprotein
cholesterol, TG; Triglyceride, LDL; Low-density lipoprotein, PAI; Plasma atherogenic
index, CRI; Castelli risk indice, AC; Atherogenic coefficient, CFR; Coronary flow
reserve, hsCRP; High-sensitivity C-reactive protein

DISCUSSION

The present study demonstrated that PAI values and
CER levels were higher in the AS patients, compared
to the healthy controls. Based on a correlation analysis,
PAT values and CFR levels were found to be positively
correlated with each other in the AS patients. The results of
this study suggest that the PAI values of AS patients could
be used as an indicator of subclinical atherosclerosis.

AS is the most common type of spondyloarthropathy
with a prevalence ranging from 0.2% to 0.9%. Apart
from the skeletal system, this disease is known to affect
the cardiovascular system also, and in the event of
cardiovascular involvement, the rate of mortality ranges
from 20% to 40%.'* Although increased mortality has
not been precisely linked to coronary artery disease, it
has been demonstrated that, in AS patients, endothelial
functions are impaired and risk factors involved in
the pathogenesis of atherosclerosis are altered, these
alterations being correlated with the increase observed in
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inflammation markers."”'* Owing to these mechanisms,

the risk of developing atherosclerotic coronary heart
disease is high in AS patients.

Endothelial dysfunction is considered to be the first step in
the pathogenesis of atherosclerosis. Several mechanisms
underlying endothelial dysfunction during inflammatory
reactions have been demonstrated. One of these
mechanisms is associated with the strong stimulatory
effect of oxidised lipoproteins on the expression
of cytokine-induced vascular adhesion molecules
(VCAM-1), which mechanically links inflammation to
the atherogenic process.””'® In fact, Gaydukova et al.”
reported that the plasma levels of vascular adhesion
molecules were higher in AS patients, compared to
healthy control subjects. Another mechanism is related
to the vascular endothelium being a target of tumour
necrosis factor alpha (TNF-a), which has a major role
in the pathogenesis of chronic inflammatory diseases.
Activated endothelial cellsare responsible for the secretion
of intrinsic chemotactic molecules, and also establish
autocrine/paracrine signal cycles localised to the vascular
wall and/or of intercellular nature.”” Furthermore,
the genetic regulation of the endothelium reduces the
bioavailability of nitric oxide (NO). Thus, the correlation
between TNF-a and endothelial dysfunction is associated
with a reduced NO level, which is considered to be a
critical step.”" In this respect, it is highly probable that an
increased plasma TNF-a level would induce endothelial
dysfunction and atherosclerosis. Indeed, Caliskan et al.”
demonstrated that TNF-a levels significantly increased
with AS. A third mechanism involves oxidative stress. It
is known that the level of reactive oxygen species (ROS),
generated by neutrophils that are related to TNF-a and
infiltrate the diseased area, increases in the event of
chronic inflammatory diseases.”” It has been shown in
several in vivo animal models that high levels of ROS are
associated with reduced NO bioavailability.”* In previous
research conducted by Feijoo et al.”” and Karakoc et
al.”® oxidative stress markers were determined to have
increased in AS patients. A fourth mechanism involves
dyslipidaemia, which is an independent determinant of
endothelial dysfunction. Although studies are available
on the correlation among conventional cardiovascular
risk factors, such as endothelial dysfunction and
dyslipidaemia, in patients with chronic inflammatory
diseases, the results of previous investigations on altered
lipid levels are controversial.”” Nevertheless, it has
been reported that while chronic inflammation causes
structural changes in lipoproteins, which cannot be
detected by standard blood lipid measurements, it also
converts LDL into small, dense and pro-atherogenic
particles.” Moreover, TNF-a contributes to increasing the
oxidative modification of LDL. Cure et al.”” and Caliskan
et al.”” reported that, excluding differences observed in

TR levels, TC, HDL and LDL levels did not differ between
healthy individuals. In addition, in their meta-analysis
by Masi et al.”” HDL was found to be lower in patients
with AS, and no difference was found in other cholesterol
levels between patients with AS and healthy individuals.
Another fifth mechanism is related to autoantibodies.
The production of autoantibodies is involved in the
pathogenesis of multiple chronic inflammatory diseases.
In patients with such diseases, autoantibodies against
normal endothelial and plasma components have been
determined, and these auto-antibodies are considered to
be involved in the pathogenesis of endothelial dysfunction
and atherosclerosis. While this involvement has been
clearly demonstrated in systemic lupus erythematosus
(SLE), it remains uncertain in some other chronic
inflammatory diseases.” The present study was aimed at
assessing the correlation between endothelial dysfunction
and lipid parameters. In this study, we detected that
TR levels were significantly higher in the AS patients,
compared to the healthy controls. These results were in
agreement with those previously reported by Cure et al.”
and were contradictory to those reported by Caliskan et
al.”” and Masi et al.”” Despite some controversial results,
we ascertained that, in agreement with available literature
reports, the TC, HDL and LDL levels of the diseased and
control groups were similar.”’ Based on these results, it
can be said that there are changes in cholesterol levels
of AS patients compared to healthy controls, as in other
chronic inflammatory diseases.”

Several different methods can be used for the assessment
of early-stage atherosclerosis. These methods enable the
assessment of the various aspects of the disease as well as
the different regions of the arterial tree, and involve the
measurement of the intima-media thickness (IMT) of
the carotid artery, the flow-mediated dilation (FMD) of
the brachial artery, the aortic sclerotic index (AoSI), and
the CFR level etc. While each of these parameters can
be used as a predictor of cardiovascular events, Gullu et
al.”” claimed that the measurement of the CFR level alone
would suffice to determine the treatment to be applied
and to follow up the results of treatment. While CFR is
used to assess microvascular endothelial functions, it is
still not common to use the aforementioned method in
the assessment of endothelial function in patients with
chronic inflammatory diseases. CFR can be used to
assess moderate to severe coronary artery lesions, whilst
following a sudden impairment of coronary circulation
after stent implantation or acute myocardial infarct,
the assessment of the regulation of coronary blood
circulation significantly contributes to the determination
of prognosis.”* While an impairment of the capacity
of the coronary blood circulation to increase indicates
the severity of the disease affecting the epicardial
arteries, this could also be related to microvascular
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dysfunction, as when there is no hemodynamically
severe coronary stenosis, maximal increase in blood
flow is predominantly determined by the resistance
vasculature of the coronary microcirculation. Impaired
CFR in the epicardial coronary arteries which appear
either normal or mildly diseased in angiographs, have
been shown to serve as a predictor for the progression
and prognosis of cardiovascular disease.” Furthermore,
impaired CFR levels have been demonstrated to be
associated with bad prognosis in patients diagnosed with
coronary microvascular dysfunctions, such as dilated
cardiomyopathy and hypertrophic cardiomyopathy.**
7 Research on chronic inflammatory diseases and
COVID-19 has pointed out to reduced CFR.*** Caliskan
et al.”” determined that CFR decreased in AS patients.
Cure et al.”” reported that, the carotid intima-media
thickness, another early-stage predictor of coronary
atherosclerosis, was greater in AS patients, compared to
the control group. Poddubnyi et al.*’ ascertained that,
when compared to controls, reactive hyperaemia of the
brachial artery significantly decreased in AS patients. In
the present study, we too used the measurement of CFR
levels to assess the coronary microvasculature in AS
patients and aimed to detect early-stage atherosclerosis
in these individuals. Literature reports are available,
which indicate impaired CFR levels in AS patients, in
agreement with the results of the present study.”” Our
results suggest that AS patients face the risk of developing
coronary artery disease.

Impaired lipid parameters predispose individuals to
atherosclerosis. The conventional atherogenic lipid
profile consists of increased TC, LDL and TG levels,
and decreased HDL levels. Some studies suggest that
novel lipid indices, including PAI, Framingham’s risk
scoring, CCI I-II and AC, serve better in the prediction
of cardiovascular events, compared to conventional lipid
parameters.”” Owing to its smaller particle size, small
dense low-density lipoprotein (sdLDL) penetrates the
arterial wall much easier than LDL, forms deposits and
undergoes oxidation to generate oxLDL. Several recent
studies suggest that sdLDL serves better in predicting
atherosclerosis, compared to LDL, and thus, recommend
its clinical use.”” It has been reported that the sdLDL
level is correlated with PAI, the measurement of which
is both costly and technically complicated.”” While lipid
concentrations may vary during the course of chronic
inflammatory diseases such as rheumatoid arthritis
(RA), different cholesterol fractions appear to fluctuate
in the same direction. PAI is reported to be less affected
by fluctuations associated with RA.** Recent studies have
indicated that PAI could be used as an indicator for the
early diagnosis of subclinical atherosclerosis in patients
with rheumatic diseases, such as Behget’s syndrome, RA,
SLE and familial Mediterranean fever.”” It is indicated
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that while PAI values ranging between -0.3 and 0.1 are
associated with low cardiovascular risk, a range of 0.1-
0.24 indicates moderate risk, and values above 0.24
indicate high risk.”” In the present study, we detected
significantly high PAI values (0.49+0.3). The other lipid
indices were also high, but these elevated levels were of
no statistical significance. Cure et al.”” also determined
significantly high PAI values in AS patients. The PAI
levels detected in the present study showed that the AS
patients faced a high risk of developing atherosclerotic
cardiovascular disease.

Research conducted on early-stage atherosclerosis in
patients diagnosed with chronic inflammatory diseases
has revealed a correlation with PAI values. In their
research on patients with inflammatory bowel disease,
Kul et al.** determined that PAI values and CFR levels
were inversely correlated with each other. In their
study on patients with Beh¢et’s syndrome, Cure et al.””
determined a strong independent correlation between
PAI and carotid intima-media thickness (cIMT) values.
In a study carried out in SLE patients, Uslu et al.*
ascertained that PAI was an independent risk factor for
cIMT. Cure et al.”” assessed early-stage atherosclerosis
in AS patients by measuring cIMT, and also investigated
the correlation of this parameter with PAI. Based on their
results, they revealed a strong independent correlation
between PAI and cIMT values, and suggested that PAI
would serve as a better indicator for the diagnosis
of subclinical atherosclerosis in AS patients, when
compared to the TC/HDL ratio. In the present study,
we ascertained that the CFR level was correlated with
all of the novel lipid indices. Considering levels 22 to
be normal, the AS patients were assigned to two groups
based on CFR measurements, and the group with lower
CFR levels was ascertained to display significantly
higher levels of the novel lipid indices, excluding PAI
Our results suggest that, compared to the other lipid
indices, PAI could serve as a better indicator of early-
stage atherosclerosis. It is known that, in individuals
under the age of 40, the possibility of predicting early-
stage atherosclerosis with cIMT values is lower.” Thus,
in relatively young individuals, similar to those included
in the present study, CFR could serve as a better marker
for the diagnosis of early-stage atherosclerosis. In this
context, we consider the results of the present study to
offer a stronger statement.

PAI appears to be superior to conventional lipid
parameters and other novel lipid indices in predicting
cardiovascular risk. This is attributed to logarithmically
transformed PAI values eliminating distribution
irregularity. Furthermore, the determination of PAI
values is simple and inexpensive, and PAI values can be
used indirectly to assess sdLDL levels.
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The present study has some limitations, the first being
the enrolment of a small number of AS patients.
Secondly, despite the predictive value of CFR in
determining the risk of CAD, as a result of the patients
enrolled in this study not having been followed up in
the long-term, the extent to which the findings of the
present study may contribute to daily clinical practice
is uncertain. Thirdly, CFR measurements were made
only from the LAD. Even if there are low levels of CFR
in other arteries, these may be mislabelled as normal
values. Fourthly, CRP alone was used as an indicator
of inflammation, and this indicator may not represent
the whole spectrum of inflammatory activity. Finally,
conditions that have the potential to affect CFR in AS
patients, such as disease activity, disease duration, and
medications used, were not evaluated in this study. This
may have caused bias in the study results.

CONCLUSION

A high PAI may be useful in identifying AS patients facing
high risk of adverse cardiovascular events, and may also
enable the early diagnosis of subclinical atherosclerosis.
Nonetheless, further research is required to elucidate
the exact mechanisms of early-stage atherogenesis in AS
patients and to demonstrate the full impact of atherogenic
dyslipidaemia on cardiovascular results in these patients.

ETHICAL DECLARATIONS

Ethics Committee Approval: The study was carried out
with the permission of Istanbul Medeniyet University,
Goztepe Training and Research Hospital Ethics
Committee (Date: 22.07.2020, Decision No: 2020/0459).

Informed consent: Written consent was obtained from
the patient participating in this study.
Referee Evaluation Process: Externally peer reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

Author Contributions: All the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the
final version.

REFERENCES

1. Gran JT, Husby G. Epidemiology of ankylosing spondylitis.
In:Hochberg MC, Silman AJ, Smolen JS, Weinblatt ME, Weisman
MH, eds. Rheumatology. 3 rd ed. London: Mosby. 2003:1153-
1159.

2. Salmon JE, Roman M]J. Subclinical atherosclerosis in rheumatoid
arthritis and systemic lupus erythematosus. Am ] Med.
2008;121(10 Suppl 1):53-S8.

3. Pereira IA, Borba EE The role of inflammation, humoral and cell
mediated autoimmunity in the pathogenesis of atherosclerosis.
Swiss Med Wkly. 2008;138(37-38):534-539.

4. Caiati C, Zedda N, Montaldo C, Montisci R, Iliceto S. Contrast
enhanced transthoracic second harmonic echo Doppler with
adenosine:a noninvasive, rapid and effective method for coronary
flow reserve assessment. ] Am Coll Cardiol. 1999;34(1):122-130.

5. Britten MB, Zeiher AM, Schachinger V. Microvascular dysfunction
in angiographically normal or mildly diseased coronary arteries
predicts adverse cardiovascular long-term outcome. Coron Artery
Dis. 2004;15(5):259-264.

6. MontisciR, Marchetti MF, Ruscazio M, etal. Non-invasive coronary
flow velocity reserve assessment predicts adverse outcome in
women with unstable angina without obstructive coronary artery
stenosis. ] Public Health Res. 2023;12(2):22799036231181716

7. Picano E. Stress echocardiography: a historical perspective. Am J
Med. 2003;114(2):126-130.

8. Won KB, Heo R, Park HB, et al. Atherogenic index of plasma and
the risk of rapid progression of coronary atherosclerosis beyond
traditional risk factors. Atherosclerosis. 2021;324:46-51.

9. Hong SP, Kim CY, Jung HW. The comparison of the associations
of Lipoprotein(a) and the atherogenic index of plasma with
coronary artery calcification in patients without high LDL-C: a
comparative analysis. J Lipid Atheroscler. 2023;12(2):152-163.

10.Zheng Y, Li C, Yang J, et al. Atherogenic index of plasma for
non-diabetic, coronary artery disease patients after percutaneous
coronary intervention: a prospective study of the long-term
outcomes in China. Cardiovasc Diabetol. 2022;21(1):29.

11.0nat A, Can G, Kaya H, Hergen¢ G. "Atherogenic index of
plasma" (log10 triglyceride/high-density lipoprotein-cholesterol)
predicts high blood pressure, diabetes, and vascular events. ] Clin
Lipidol. 2010;4(2):89-98.

12.Edwards MK, Blaha M], Loprinzi PD. Atherogenic index of
plasma and triglyceride/high-density lipoprotein cholesterol
ratio predict mortality risk better than individual cholesterol
risk factors, among an older adult population. Mayo Clin Proc.
2017;92(4):680-681.

13.Caliskan M, Erdogan D, Gullu H, et al. Effects of atorvastatin on
coronary flow reserve in patients with slow coronary flow. Clin
Cardiol. 2007;30(9):475-479.

14.Lehtinen K. Mortality and causes of death in 398 patients
admitted to hospital with ankylosing spondylitis. Ann Rheum Dis.
1993;52(3):174-176.

15.Divecha H, Sattar N, Rumley A, Cherry L, Lowe GD, Sturrock
R. Cardiovascular risk parameters in men with ankylosing
spondylitis in comparison with non-inflammatory control
subjects:relevance of systemic inflammation. Clin Sci (Lond).
2005;109(2):171-176.

16.Sari I, Okan T, Akar S, et al. Impaired endothelial function in
patients with ankylosing spondylitis. Rheumatology (Oxford).
2006;45(3):283-286.

17.Gimbrone MA Jr, Garcia-Cardefia G. Endothelial cell dysfunction
and the pathobiology of atherosclerosis. Circ Res. 2016;118(4):620-
636.

18.KumeN, Cybulsky MI, Gimbrone MA Jr. Lysophosphatidylcholine,
a component of atherogenic lipoproteins, induces mononuclear
leukocyte adhesion molecules in cultured human and rabbit
arterial endothelial cells. J Clin Invest. 1992;90(3):1138-1144.

19.Gaydukova IZ, Khondkaryan EV, Aparkina AV, Rebrov AP.
Changes in the serum concentrations of adhesion molecules
and vascular endothelial growth factor in active ankylosing
spondylitis patients taking amtolmetin guacil: results of a 56-week
prospective open-label controlled observational study]. Ter Arkh.
2017;89(5):38-45.

20.Pober JS, Sessa WC. Evolving functions of endothelial cells in
inflammation. Nature Rev Immunol. 2007;7(10):803-815.

1221



Ozkan et al. CFR and PAI in ankylosing spondylitis

] Health Sci Med. 2023;6(6):1215-1222

21.Neumann P, Gertzberg N, Johnson A. TNF-alpha induces a
decrease in eNOS promoter activity. Am J Physiol Lung Cell Mol
Physiol. 2004;286(2):L452-L459.

22.Caliskan M, Erdogan D, Gullu H, et al. Impaired coronary
microvascular and left ventricular diastolic functions in patients
with ankylosing spondylitis. Atherosclerosis. 2008;196(1):306-312.

23.Kundu S, Ghosh P, Datta S, Ghosh A, Chattopadhyay S, Chatterjee
M. Oxidative stress as a potential biomarker for determining
disease activity in patients with rheumatoid arthritis. Free Radic
Res. 2012;46(12):1482-1489.

24.Steyers CM 3rd, Miller FJ Jr. Endothelial dysfunction in chronic
inflammatory diseases. Int ] Mol Sci. 2014;15(7):11324-11349.

25.Feijoo M, Tunez I, Tasset I, Montilla P, Ruiz A, Collantes E.
Infliximab reduces oxidative stress in ankylosing spondylitis. Clin
Exp Rheumatol. 2009;27(1):167-168.

26.Karakoc M, Altindag O, Keles H, Soran N, Selek S. Serum
oxidative-antioxidative status in patients with ankylosing
spondilitis. Rheumatol Int. 2007;27(12):1131-1134.

27.Ku IA, Imboden JB, Hsue PY, Ganz P. Rheumatoid arthritis:
model of systemic inflammation driving atherosclerosis. Circ J.
2009;73(6):977-985.

28.Hurt-Camejo E, Paredes S, Masana L, et al. Elevated levels of
small, low-density lipoprotein with high affinity for arterial
matrix components in patients with rheumatoid arthritis: possible
contribution of phospholipase A2 to this atherogenic profile.
Arthritis Rheum. 2001;44(12):2761-2767.

29.Cure E, Icli A, Uslu AU, et al. Atherogenic index of plasma:a useful
marker for subclinical atherosclerosis in ankylosing spondylitis:
AIP associate with cIMT in AS. Clin Rheumatol. 2018;37(5):1273-
1280.

30.Masi AT, Fessler SL, Brezka ML, Wang Y, Donohue SE. Systematic
review and meta-analysis of individual serum lipids and analysis of
lipid ratios in ankylosing spondylitis and healthy control cohorts:
significantly lower mean HDL-cholesterol level in ankylosing
spondylitis cohorts. Clin Exp Rheumatol. 2023;41(9):1862-1874.

31.Malesci D, Niglio A, Mennillo GA, Buono R, Valentini G, La
Montagna G. High prevalence of metabolic syndrome in patients
with ankylosing spondylitis. Clin Rheumatol. 2007;26(5):710-714.

32.Gullu H, Erdogan D, Caliskan M, et al. Interrelationship between
noninvasive predictors of atherosclerosis:transthoracic coronary
flow reserve, flow-mediated dilation, carotid intima-media
thickness, aortic stiffness, aortic distensibility, elastic modulus,
and brachial artery diameter. Echocardiography. 2006;23(10):835-
842.

33.Haude M, Baumgart D, Verna E, et al. Intracoronary Doppler-
and quantitative coronary angiography-derived predictors of
major adverse cardiac events after stent implantation. Circulation.
2001;103(9):1212-1217.

34.Serruys PW, di Mario C, Piek J, et al. Prognostic value of
intracoronary flow velocity and diameter stenosis in assessing
the short- and long-term outcomes of coronary balloon
angioplasty:the DEBATE Study (Doppler Endpoints Balloon
Angioplasty Trial Europe). Circulation. 1997;96(10):3369-3377.

35.Kelshiker MA, Seligman H, Howard JP, et al. Coronary Flow
Outcomes Reviewing Committee. Coronary flow reserve and
cardiovascular outcomes:a systematic review and meta-analysis.
Eur Heart J. 2022;43(16):1582-1593.

36.Schachinger V, Britten MB, Zeiher AM. Prognostic impact of
coronary vasodilator dysfunction on adverse long-term outcome
of coronary heart disease. Circulation. 2000;101(16):1899-1906.

37.Civieri G, Montisci R, Kerkhof PLM, Iliceto S, Tona F. Coronary
flow velocity reserve by echocardiography: beyond atherosclerotic
disease. Diagnostics (Basel). 2023;13(2):193.

38.Kul S, Kutlu GA, Guvenc TS, et al. Coronary flow reserve is
reduced in sarcoidosis. Atherosclerosis. 2017;264:115-121.

1222

39.Caligkan M, Baycan OF, Celik FB, et al. Coronary microvascular
dysfunction is common in patients hospitalized with COVID-19
infection. Microcirculation. 2022;29(4-5):e12757.

40.Poddubnyi DA, Rebrov AP. [Endothelial dysfunction in patients
with Bechterew's disease (ankylosing spondylitis)]. Klin Med
(Mosk). 2007;85(7):66-9.

41.Yilmaz S, Caliskan M, Kulaksizoglu S, et al. Association
between serum total antioxidant status and coronary
microvascular functions in patients with SLE. Echocardiography.
2012;29(10):1218-1223.

42 .Ferndndez-Macias JC, Ochoa-Martinez AC, Varela-Silva JA,
Pérez-Maldonado IN. Atherogenic index of plasma: novel
predictive biomarker for cardiovascular illnesses. Arch Med Res.
2019;50(5):285-294.

43.National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel IIT). Third Report
of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III) final report.
Circulation. 2002;106(25):3143-3421.

44.Park YB, Lee SK, Lee WK, et al. Lipid profiles in untreated patients
with rheumatoid arthritis. ] Rheumatol. 1999;26(8):1701-1704.

45.Dobidsova M. AIP--atherogenic index of plasma as a significant
predictor of cardiovascular risk: from research to practice. Vnitr
Lek. 2006;52(1):64-71.

46.Kul S, Caliskan Z, Giiveng TS, Giiveng RC, Caligkan M. Plasma
lipids in patients with inflammatory bowel disease: observations
on the associations between lipid indices and coronary flow
reserve. Wien Klin Wochenschr. 2020;132(11-12):283-294.

47.Cure E, Icli A, Ugur Uslu A, et al. Atherogenic index of plasma
may be strong predictor of subclinical atherosclerosis in patients
with Behget disease. Z Rheumatol. 2017;76(3):259-256.

48.Uslu AU, Kucuk A, Icli A, et al. Plasma Atherogenic Index is an
Independent Indicator of Subclinical Atherosclerosis in Systemic
Lupus Erythematosus. Eurasian ] Med. 2017;49(3):193-197.

49.Laclaustra M, Casasnovas JA, Ferndndez-Ortiz A, et al. Femoral
and carotid subclinical atherosclerosis association with risk
factors and coronary calcium: the AWHS study. ] Am Coll Cardiol.
2016;67(11):1263-1274.



