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OZET

AMAC: Aterosklerotik hastaliklar arasinda koroner arter hastali-
g1 ve serebrovaskdler hastaliktan sonra tclinci siradaki morta-
lite ve morbidite nedeni olan periferik arter hastalg, diinya ge-
nelinde dnemli bir saglk sorunudur. Calismamiz, inflamasyon
ve agregasyonun birlesik bir belirteci olan sistemik immun-inf-
lamasyon indeksi ile periferik arter hastaligi olan hastalarda
sagkalim arasindaki iliskiyi arastirmayi amaclamaktadir.

GEREC VE YONTEM: Bu retrospektif kohort calismasinda, 2010-
2020 yillari arasinda periferik arter hastaligi tanisi konmus 432
bireyin hasta kayitlari incelenmistir. Hastalarin hemogram test-
lerindeki trombosit-lenfosit oranlarindan yola ¢ikarak sistemik
immiin-inflamasyon indeksi hesaplanmis ve bu indeks ile mor-
talite arasindaki iliski Kaplan Meier analizi ile degerlendirilmistir.

BULGULAR: Calisma bulgularimiz, sistemik immun-inflamas-
yon indeksinin periferik arter hastaliginda mortalitenin bagim-
siz bir belirleyicisi oldugunu ortaya koymustur. istatistiksel ana-
lizler, ylksek sistemik immin-inflamasyon indeksi degerlerinin
(> 854), periferik arter hastaligi ve tip 2 diyabet mellituslu birey-
lerde artmig mortalite ile iliskili oldugunu gostermistir (OR: 1.02,
%95 GA: 0.98-1.04, p<0.001).

SONUC: Sonug olarak, sistemik immin-inflamasyon indeksi,
periferik arter hastaligi olan hastalarda sagkalimi 6ngordiren
onemli bir faktérdur. Bu bulgular, periferik arter hastaligi yone-
timinde inflamasyon ve immdin yanitin roliinli daha iyi anlama-
miza yardimci olabilir ve potansiyel tedavi stratejilerinin gelisti-
rilmesine katki saglayabilir.

ANAHTAR KELIMELER: Periferik arter hastaligi, Sistemik im-
miin-inflamasyon indeks, Oliim orani, Tip 2 diabetes mellitus,
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ABSTRACT

OBJECTIVE: Peripheral artery disease ranks as the third leading
cause of death and illness following coronary artery disease
and cerebrovascular disease among atherosclerotic conditions,
representing a significant health concern worldwide. Our study
aims to explore the association between the systemic immu-
ne-inflammation index a combined marker of inflammation
and aggregation and survival in patients with peripheral artery
disease.

MATERIAL AND METHODS: In this retrospective cohort study,
we examined the medical records of 432 individuals diagno-
sed with peripheral artery disease between the years 2010 and
2020. The systemic immune-inflammation index was calcula-
ted based on platelet to lymphocyte ratios from the patients’
complete blood count tests, and the relationship between this
index and mortality was assessed using the Kaplan-Meier sur-
vival analysis.

RESULTS: Our findings demonstrate that the systemic immu-
ne-inflammation index is an independent predictor of morta-
lity in peripheral artery disease. Statistical analyses have shown
that higher values of the systemic immune-inflammation index
(> 854), correlate with increased mortality in individuals with
peripheral artery disease and type two diabetes mellitus (OR:
1.02, %95 GA: 0.98-1.04, p<0.001).

CONCLUSIONS: In conclusion, the systemic immune-inflam-
mation index is a significant determinant of survival in pa-
tients with peripheral artery disease. These results can enhance
our understanding of the role of inflammation and immune
response in the management of peripheral artery disease and
may contribute to developing potential therapeutic strategies.

KEYWORDS: Peripheral Artery Disease, Systemic immune-inf-
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INTRODUCTION

Peripheral Artery Disease (PAD) is a chronic
inflammatory atherosclerotic process that af-
fects blood flow to the extremities, especial-
ly the legs, due to atherosclerosis of arteries
other than the coronary and cerebral arteries.
Peripheral Artery Disease (PAH) is a major he-
alth problem with high mortality and morbi-
dity rates, affecting approximately 200 million
people worldwide (1,2). PAD is the third most
common cause of cardiovascular mortality (3).
Diabetes Mellitus (DM), Hypertension (HT),
Hyperlipidemia (HL), male gender, age, smo-
king, cardiovascular diseases, metabolic events
and inflammatory causes are risk factors (1).

Chronicinflammation plays a role in atheroscle-
rosis of peripheral artery endothelium, and this
process involves both the cellular and humoral
immune systems (1). In vascular inflammation,
lipid accumulation and leukocyte accumulati-
on in the subendothelial region of the vascu-
lar wall are characteristic of atherosclerosis (4).
Studies in the literature have shown that increa-
sed leukocyte count, especially monocytes and
neutrophils, are independent predictors of car-
diovascular events (5). Changes in the amount
of leukocytes in the blood and/or impairment
in chemokine-chemokine receptor interactions
may affect the further progression of atherosc-
lerosis by changing the number of monocytes
and neutrophils. Thus, it is considered that the
role of leukocytes in atherosclerosis isimportant
and research on this subject is necessary (5).

In this context, neutrophil, platelet and lympho-
cyte counts in peripheral blood are used to cal-
culate many indices, including the systemic im-
mune inflammation index (Sll) (6). In addition,
the prognostic values of many biomarkers such
as albumin, C-reactive protein and fibrinogen
are used in the Neutrophil-Lymphocyte Ratio
(NLR) in PAD. Platelet-Lymphocyte Ratio (PLR)
and Monocyte-Lymphocyte Ratio (MLR) are
available in the literature (7). Previous studies
have shown that Sll increases in PAD, but the
prognostic value of Sl in PAD and its relations-
hip with mortality have not been adequately in-
vestigated so far (6). This study was planned to
retrospectively evaluate the prognostic value
of Sll in PAD and its relationship with mortality.

MATERIAL AND METHODS

The Departments of Cardiology at Afyonka-
rahisar Health Sciences University conducted
a retrospective cohort study approved by the
Institutional Local Ethics Committee. The study
included 528 patients diagnosed with perip-
heral arterial disease between January 2010
and January 2020 at our clinic. However, 84
patients were excluded due to lack of data or
not meeting the inclusion criteria. The study
involved the assignment of patients into two
groups: deceased (all-cause mortality) (group
1,n:174) and living (group 2, n:258). All patients
included in the study were selected from indi-
viduals aged over 18 years who presented to
the adult cardiology outpatient clinic and un-
derwent conventional peripheral angiography.
Demographic data and laboratory findings
were extracted from the medical records of
all patients. Additionally, neutrophil (N), ly-
mphocyte (L), and platelet (P) levels were
obtained from the patients' hemogram re-
cords. The Sl was calculated as N x P/L (6).
The dates of initial diagnosis and death for all
deceased patients were obtained from the na-
tional death notification system. Patients who
were pregnant, had cancer, or had active infe-
ctions were excluded due to the potential al-
terations in their blood test results compared
to normal conditions. We did not include cases
of carotid artery and upper extremity artery
disease in our study for the following reasons:

1- Upper extremity artery disease is an infrequ-
ent condition in our clinical practice.

2- Carotid artery angiography is not routinely
performed during peripheral artery angiograp-
hy procedures.

This exclusion criterion was established to ensu-
re the homogeneity and reliability of the study
results, focusing on conditions more commonly
encountered and routinely treated in our clinic.
HT is defined as a blood pressure reading of
140/90 mmHg or higher, and/or the receipt of
antihypertensive treatment. HL is defined as ha-
ving total plasma cholesterol levels exceeding
200 mg/dL, plasma LDL cholesterol levels of
130 mg/dL or higher, triglyceride levels of 150
mg/dL or higher, or HDL cholesterol levels in
men of 40 mg/dL or lower and in women of 50



mg/dL or lower. Additionally, individuals may
be classified as having HL if they are receiving
lipid-lowering treatment. DM is defined as ha-
ving a fasting plasma glucose level of 126 mg/
dL (6.94 mmol/L) or higher and/or receiving
glucose-lowering treatment. Individuals who
reported smoking a minimum of five cigarettes
per day were classified as smokers. Cerebrovas-
cular events were classified as either ischemic
or hemorrhagic. Patients with atherosclerotic
heart disease were included in the study if they
exhibited angiographically detected coronary
artery stenosis, underwent percutaneous trans-
luminal coronary angioplasty or stenting, or
had undergone coronary artery bypass surgery.

Ethical Committee

The study received ethics committee ap-
proval from Afyonkarahisar Health Scien-
ces University Medical Ethics Committee
on 01/04/2022, with the reference number
2022/4. We conducted the study following
the principles of the Declaration of Helsin-
ki and the good clinical practices protocol.

Statistical Analysis

The statistical analysis was conducted using
SPSS software version 20.0. Normality of the
variables was assessed using both visual and
analytical methods. Descriptive statistics were
reported using standard deviation and mean or
interquartile ranges and median. The Chi-squa-
re test was used to compare categorical and no-
minal variables, such as hypertension, gender,
hyperlipidemia, and diabetes. The Mann-W-
hitney U test was used to compare nonpara-
metric data, while parametric data were com-
pared using t-tests. Kaplan-Meier analysis was
used to evaluate the time to death events in
the two groups. Hazard ratios and their cor-
responding 95% confidence intervals were ob-
tained from stratified Cox proportional-hazards
models. The risk of mortality in PAD patients
was assessed using the Cox regression model
(CRM). Multivariate analysis was performed,
and 95% confidence intervals (Cl) and odds ra-
tios (OR) were calculated. A p-value of 0.05 or
lower was considered statistically significant.
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RESULTS

In our study, 432 patients were enrolled. The
mean age (SD) was 76.2 = 10.2 years, with 129
men (74.1%) and 45 women (25.9%) in group
1 (dead). The mean age (SD) was 66.6 + 8.94
years, with 231 men (89.5%) and 27 women
(10.5%) in group 2 (alive). Baseline characteris-
tics, blood, and anthropometric measurements
of the study population are provided in Table 1.

Table 1: Baseline demographic and clinical characteristics of
study groups

Variables Group 1 (Dead) Group 2 (Alive) P value

(n:174) (n:258)

Gender, n 129/45 (74.1%/25.9%) 231/27 (89.5%/10.5%) <0.001*

Male / Female, n (%)

Age 76.2+10.2 66.6 894 0.007#

DM, n (%) 103 (59.2%) 95 (36.8%) <0.001*

HT, n (%) 96 (55.2%) 105 (40.7%) 0.003*

Smoking, n (%) 88 (50.6%) 117 (45.3%) 0.287*

HL, n (%) 34 (19.3%) 46 (17.8%) 0.654*

CAD, n (%) 97 (55.7%) 141 (54.7%) 0.822*

HF, n (Ejection Fraction <40%) 50 (28.7%) 33 (12.8%) 0.081*

CRF, n (%) 29 (16.7%) 18 (7%) 0.002*

stroke, n (%) 19(10.9%) 23 (8.9%) 0177+

Atrial Fibrilation n (%) 44 (25.3%) 32 (12.4%) 0.001*

Amputation, n (%) 39 (22.4%) 30(11%) 0.004*

Fasting glucose (mg/dI)** 139(98-198) 112(92-164) 0.005**

CRP (mg/dI)** 2.6(1.5-7.8) 13(08-255) <0.001%*

Hgb (g/dl) 112+045 127051 <0.001#

Creatinine (mg/dl) 1(0.8-1.5) 0.9 (0.78-1.13) <0.001**

Total cholesterol (mg/dl) 164(145-190) 163 (142-198) 0.954**

Triglyceride (mg/dl) 152 (106-189) 146 (107-178) 0.250%

LDL (mg/dl) 125(93-146) 114 (90-140) 0104+

HDL (mg/dl) 393+2.1 101£217 0.0174#

WBC (x103/uL) 111214 9.9+1.5 0.104#

Mean platelet volume 149+16 95+12 0.116#

Neutrophil count (x103/uL) 83£09 671+08 0.008#

Lymphocyte count (x103/uL) 1.95+0.26 211+0.7 <0.001#

Monocyte count (x103/uL) 0.860.72 122+ 0.64 0.462#

Platelet count (x103/uL) 286.8+18.7 264.6+17.7 0.372#

PAI 0.600.02 0.55+0.02 0.031#

su 1062(581-2496) 740(485-1288) <0.001**

* Chi-square test p<0.05 statistical significance, # Independent simple T-test, ** Mann Whitney U test, +: standard deviation, ( ):Interquartile
ranges, n: Individual number. CAD: Coronary artery disease, CRF: Chronic renal failure, CRP: C-reactive protein, DM: Diabetes Mellitus, HDL:
High-Density Lipoprotein, HF: Heart failure, Hgb: HL: HT: Hyper
index, WBC: White blood cell

nsion, LDL: Low-Density Lipoprotein, PAD:

Peripheral artery disease, PAL: Plasma ic index, SII: Systemic

Multivariate regression analysis was perfor-
med on the variables found to be significantly
higher in Group 1. Female gender, age, pre-
sence of DM, creatinine levels, and Sl were
identified as predictors of mortality. The mul-
tivariate regression analysis of independent
predictors of mortality is presented in Table 2.
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Table 2: Multivariate regression analyse of independent predi-
ctor of mortality

Variables Multivariate Pvalue

OR, (95 % CI)

GENDER(MALE) 0.45(031-0.66) <0.001
AGE 1.04(1.02-1.05) <0.001
DM 1.70(1.24-2.34) 0.001*
HDL 100(0.99-1.01) 0532
CAD 1.16(0.80-1.62) 0.349

CREATININ 116(1.04-130) 0.009

AF 111(0.77-1.60) 05173
CRP 1.02(0.99-1.06) 0.060
HEMOGLOBINE 099(097-1.01) 0614
PAI 1.61(0.79-3.27) 0.185

St 1.02(0.98-1.04) <0.001

AF: Atrial fibrillation, CAD: Coronary artery disease, CI: Confidence interval, DM: Diabetes mellitus, HDL: High-Density
Lipoprotein, HL: Hyperlipidemia, OR: Odds ratio, PAI: Plasma atherogenic index, p<0.05: Statistical significance, SII:

Systemic immune-inflammation index

Kaplan Meier analysis was applied to determi-
ne survival rates according to Sl in the study
patients. The patients were divided into two
groups based on the SIl median value, which
was determined to be 854, and evaluated ac-
cordingly. The results of the Kaplan-Meier analy-
sis were all significantly different (p < 0.001),
and these findings are presented in Figure 1.

Survival Functions

SlI groups

\ 11,00 (low Sil)
12,00 (high SIl)
i p<0.001

—+— 1,00-censored
—+—2,00-censored

0,64

ot —

Cumulative Survival

T T T T T
,00 50,00 100,00 150,00 200,00

TIME

Figure 1: Kaplan Meier analysis according to SlI

DISCUSSION

The article presents a retrospective study that
investigates the prognostic value of Sll in 432
patients with PAD. This is the first comprehen-
sive academic study to investigate the potenti-
al relationship between Sl and survival in PAD
patients alone. The results indicate that Sll >854
was independently associated with significant-
ly shorter survival in the PAD group. A strong
correlation was found between SIl and morta-

lity, and it was determined that SlI is an inde-
pendent predictor of mortality (p < 0.001). PAD
risk factors include advanced age, male gender,
smoking, cardiovascular disease, diabetes mel-
litus, hypertension, hypercholesterolemia, and
metabolic and inflammatory biomarkers, many
of which also affect mortality (8, 9). Studies have
reported that the development of PAD also inc-
reases mortality in diabetes mellitus and chro-
nic renal failure (10, 11). This study corroborates
the findings of prior studies on the association
between DM, creatinine levels, and mortality.

Although classical atherosclerotic risk fac-
tors can be corrected with lifestyle changes
and drugs, mortality rates for PAD do not dec-
rease sufficiently. For this reason, the need
to investigate other risk factors that affect
mortality and to identify different predictors
has arisen (12). Particularly, the biomarkers
of inflammation, which is an important eti-
ology of the disease, were the subject of in-
terest of researchers in previous studies (7).

N, L, and P counts are strong markers for de-
monstrating systemic inflammatory processes.
Studies have shown that neutrophils and lym-
phocytes indicate the sensitivity of atheroscle-
rotic plaque (4). NLRs have been the subject of
studies showing cellular and humoral immune
activity, while PLR ratios have been studied to
show the relationship between immune acti-
vation and aggregation (13). These ratios have
been used to predict mortality in cardiovascular
diseases such as PAD, heart failure, cancer, and
systemicinflammatory diseases (7, 14, 15). Previ-
ous studies have only assessed the possible role
of Sll, a composite of PLR and NLR, in PAD, which
also incorporates three parameters (N, T, L) (16).

Studies have shown that Sll is an important in-
dex predicting mortality in morbid conditions
such as heart failure, various malignancies, at-
rial fibrillation, coronary artery disease, carotid
artery disease, and aortic stenosis (17, 18). Yang
et al. (18) found a correlation between Sl and
major adverse cardiovascular events in coro-
nary artery disease. Similarly, Aydin et al. (19)
demonstrated that Sl was a significant predic-
tor of cerebrovascular events in carotid artery
disease. Studies showing that Sllis helpful in de-



termining the risk of contrast-induced nephro-
pathy before interventional procedures and in
the diagnosis of acute coronary syndrome have
also attracted attention in the literature (20, 21).

In PAD, both NLR and PLR are associated with
disease severity. Even higher amputation rates
were found at high PLRand NLR values (22). Few
studies have examined SlI, a composite of both,
in PAD. Our study corroborates the finding of
Zhang et al. (6) that Sll is an independent risk fa-
ctor for PAD. We also demonstrated that Sl was
an independent predictor of mortality in PAD
patients. This suggests that PAD patients with
high SlI should be monitored more closely. The
study’s main limitations are its retrospective de-
sign, which prevents full determination of cau-
sality, and the use of only one hemogram test
value.To avoid the impact of acute diseases and
the lifespan of blood cells, serial tests would be
preferable.Sllis an independent risk factor asso-
ciated with mortality in PAD, and calculating Sl
can be a useful index for predicting prognosis.
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