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Purpose: Internal medicine services serve the patient population with many chronic diseases. Therefore, it is high mortality rates
compared to other departments of the hospital. Estimating the prognostic risk of hospitalized patients may be useful in mortality for
patients. In this study, we evaluated the level of Systemic Immune Inflammation Index (SII) and Systemic Inflammation Response
Index (SIRI) and its association with mortality in inpatients.

Patients and methods: This study was performed in 2218 patients who were hospitalized between January 1st-December 31th of
2019. Patients were followed up for three years about primary endpoint as all-cause (except for unnatural deaths) mortality.
Participants were divided into 4 equal groups according to their increasing levels of SII and SIRI. (Quartile 1-4) Age, gender,
diabetes mellitus, hypertension, coronary artery disease, chronic kidney disease, malignancies (solid), white blood cell, neutrophil,
lymphocyte, monocytes, hemoglobin, hematocrit, platelet, CRP, albumin, Systemic Inflammation Response Index (Quartile 1-4),
Systemic Immune Inflammation Index (Quartile 1-4) were compared between survival and non-survival groups.

Results: There were 1153 female and 1065 male participants enrolled. Compared with surviving patients, patients who died were
older and had a higher prevalence of diabetes mellitus, hypertension, malignancy, chronic kidney disease and coronary artery disease
(p <0.001). There was a lower proportion of female patients among the patients who died. Compared to the survivor group, group who
died exhibited a significant increase in CRP level, neutrophil, white blood cell and monocyte counts, but had a lower lymphocyte
count, albumin level and hemoglobin count (P < 0.001). Results of Cox regression analysis showed that age, chronic kidney disease,
malignancy, SIRI quartile 3, 4 and SII quartile 3, 4 pointed out a close relationship with mortality risk. (P < 0.001).

Conclusion: The SIRI and SII have indicated the clinical importance of as novel markers for predicting mortality in inpatients.
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Introduction

Internal medicine clinicians serve a patient population that suffers from many chronic diseases. As such, those patients
have higher mortality rates than those empanelled to other departments in a hospital,'* owing to factors of high infection
rates and advanced age.’ Various prognostic risk scoring systems and parameters have been developed to predict
internal medicine patient mortality® so that those with worse prognoses can be treated earlier and monitored more closely.
Notably, there is growing evidence to suggest that inflammation markers can be used to make such predictions.’
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Evidence has suggested that chronic low-grade inflammation leads to vascular endothelial injury, oxidative stress, and
thrombosis, which may be the underlying cause of mortality.® One important predictive inflammatory response indicator
is the measured change in peripheral blood cell composition.” Because this measurement is inexpensive and easily made,
it is widely used in clinical practice. Previous studies have shown that neutrophil-to-lymphocyte ratio (NLR), lympho-
cyte-to-monocyte ratio (LMR) and platelet-to-lymphocyte ratio (PLR) are important predictors of various diseases (eg
cerebrovascular and coronary artery) and other malignancies.'® '

As more complex peripheral blood inflammatory markers are now understood, systemic inflammation response index
(SIRI) and systemic immune-inflammation (SII) metrics have been established.'®'” SIRI is derived from neutrophil,
lymphocyte and monocyte data, and SII is derived from neutrophil, lymphocyte and platelet data. Both indices were
developed to determine the prognoses of neoplastic diseases.'®° Subsequent studies reported that SII could be used as
an inflammatory indicator for autoimmune illnesses, such as Behget’s disease,”’ and other studies showed that a high
SIRI rating is associated with an increased risk of acute coronary syndrome (patients with chest pain) and increased risk
of stroke (patients with supraventricular tachycardia).”*** Because only a few studies have utilised SIRI and SII indices
to prognosticate on malignancies and other chronic diseases,?* this study investigates the utility of SII and SIRI indices in
evaluating the mortality of patients in internal medicine clinics.

Methods
Study Design, Patient Selection and Endpoints

This retrospective cohort study was conducted at the Internal Medicine Clinic of the Haseki Health Training and
Research Hospital utilising medical health and clinical data records of 2218 hospitalised and discharged patients
between 1 January and 31 December 2019. The informed consent was obtained from all patients who were
hospitalized at our clinic. All data were collected anonymously and without any patient-identifying information,
and the study protocol was reviewed and approved by the Institutional Review Board of the University of
Health Sciences at the Haseki Health Training and Research Hospital (Ref. No. 23R/2018). Moreover, the study
was conducted in accordance with the Key Principles of Good Clinical Practices and the Declaration of Helsinki.

Readmissions, patients with insufficient data and intensive-care transfers were excluded, as were patients with
haematological malignancy, pregnancy and end-stage liver disease, as well as those taking nonsteroidal anti-
inflammatory agents, anti-inflammatories and immunosuppressives (eg steroids), owing to the risk of hemogram
parameters being affected. Patients’ whose primary endpoints and all-cause mortalities, apart from unnatural deaths
(eg accidents, suicides or murders), fell within the three-year follow-up period were also excluded. All follow-up
data were collected from the Haseki Training and Research Hospital data processing system, and the Turkish
National Mortality Registry was used to confirm all death reports.

Specific variables of age, gender, diabetes mellitus, hypertension, coronary artery disease, chronic kidney disease,
malignancies (solid), white blood cell, neutrophil, lymphocyte, monocyte, haemoglobin, haematocrit, platelet, CRP and
albumin were recorded. SIRI scores were formulated for all participants as the neutrophil x (monocyte / lymphocyte)
count, and SII scores reflected the platelet x (neutrophil / lymphocyte) count. Participants were divided into 4 equal
groups according to their increasing levels of SII and SIRI. (Quarter 1 to 4 incrementally) The quartiles of SII and SIRI

levels were compared between the survival and non-survival groups.

Laboratory Measurements

Routine blood samples for all laboratory tests were taken after a 12-h fasting period between 6 and 7 am. Blood samples
were taken on the first day of hospitalisation prior to the start of drug treatment and were analysed immediately.
Laboratory findings were obtained from patients’ electronic medical records. The listed biochemical parameters were
measured for all participants. During the follow-up period, 920 participants died.
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Statistical Method

IBM SPSS Statistics for Windows (Version 25.0, IBM Corp., Armonk, NY, USA) was used for the statistical analyses.
Continuous data were presented as means and standard deviations over Q1-Q4, and all categorical variables were
represented as percentages. The ratios per group were compared using the chi-square test between survivors and non-
survivors. The Student’s #-test was used to compare the groups based on normally distributed numerical data. In the case
of abnormal distribution of numerical data, the Mann—Whitney-U test was used to compare the two groups. The Cox
proportional-hazards regression model was used to analyze the effects of the variables on event-free survival. The
predictive performance of age, chronic kidney disease, malignancy SIRI and SII was assessed by Cox regression.
Parameter found to be different between outcomes (non-survivor) were included in the regression models to find out
parameters showing independent relationship with these outcomes. A p-value of less than 0.05 was considered
significant.

Results

A total of 2218 patients (1153 females and 1065 males) who were hospitalized between January 1st-December 31th,
2019, were included in this study (Figure 1). The baseline characteristics of the survivor and exitus groups are presented
(Table 1). Compared with surviving patients, patients who died were older and had a higher prevalence of diabetes
mellitus, hypertension, malignancy, chronic kidney disease, and coronary artery disease (p <0.001 and p <0.001,
respectively). Moreover, there was a lower proportion of female patients among those who died (p = 0.019). CRP levels
were higher, whereas albumin levels were lower, in patients who died. Compared to the survivor group, the group that
died exhibited a significant increase in neutrophil, white blood cell, and monocyte counts but had a lower lymphocyte
count and hemoglobin count (P <0.001, <0.001, <0.001, <0.001, and <0.001, respectively).

A multivariate Cox proportional hazards model was used to evaluate the mortality risk between groups. The results of the
Cox regression analysis with age, chronic kidney disease, malignancy SIRI, and SII are presented (Table 2 and Table 3). SIRI
quartiles 3 and 4 and SII quartiles 3 and 4 indicated a close relationship for the mortality risk (SII: [Quartile 3 — Quartile 1]
OR:1.72, 95% CI = 1.14-2.60, P = 0.01; SII: [Quartile 4 — Quartile 1] OR:2.41, 95% CI = 1.62-3.57, P <0.001 Table 2). (SIL:
[Quartile 3 — Quartile 1] OR: 2.08, 95% CI = 1.40-3.07 p<0.001; SII: [Quartile 4 — Quartile 1] OR: 2.02, 95% CI=1.37-2.94,

2505 patients were treated in Department of Internal
Medicine in Haseki Training and Research Hospital
from January 2019 to December 2019

> 156 recurrent hospitalization

79 patients have
hematological
malignancy

52 insufficient data

2218 final enrollment

Figure | Flow chart for patients’ selection.
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Table | Baseline Characteristics of Patients

Survivor Ex P value

Age, years 52.1+18.6 71.5%13.1 <0.001
Gender

Female, n (%) 702 (%60.9) 451 (%39.1) 0.019

Male, n (%) 596 (%56) 469 (%44)
Diabetes Mellitus, n (%) 427 (%52.3) 389 (%47.7) <0.001
Hypertension, n (%) 548 (%49) 571 (%51) <0.001
Coronary Artery Disease, n (%) 267 (%44.8) 329 (%55.2) <0.001
Chronic Kidney Disease, n(%) 174 (%37.7) 288 (%62.3) <0.001
Malignancy, n(%) 41 (%17.9) 188 (%82.1) <0.001
White blood cell count, x10°/L 8337 9.4 %46 <0.001
Neutrophils, x 10%/L 5835 73£43 <0.001
Lymphocytes, x10°/L 1.6 £0.7 1.2 0.6 <0.001
Monocytes, * [0°/L 0.6 +03 0.7 + 0.4 <0.001
Hemoglobin (g/dL) 109 +23 10+23 <0.001
Hematocrit (%) 324+72 30+ 6.7 <0.001
Platelet (x1000/mm?) 2472 + 899 2493 £ 99.8 0.59
Hs-CRP (mg/L) 43 £ 726 747 £ 814 <0.001
Albumin (g/dL) 35+05 3+£06 <0.001
Systemic Inflammation Response Index Quartile | 433 (%78.2) 121 (%21.8)
Systemic Inflammation Response Index Quartile 2 372 (%67) 183 (%33) <0.001
Systemic Inflammation Response Index Quartile 3 261 (%47) 294 (%53)
Systemic Inflammation Response Index Quartile 4 232 (%41.9) 322 (%58.1)
Systemic Immune Inflammation Index Quartile | 428 (%77.3) 126 (%22.7)
Systemic Immune Inflammation Index Quartile 2 374 (%67.4) 181 (%32.6) <0.001

Systemic Immune Inflammation Index Quartile 3

282 (%50.8)

237 (%49.2)

Systemic Immune Inflammation Index Quartile 4

214 (%38.6)

340 (%61.4)

Note: Statistically significant variables (p<0.05).
Abbreviation: CRP, C reactive protein.

P <0.001 Table 3). Moreover, the mortality risk was higher for those with malignancy, chronic kidney disease, and advanced

age (p <0.001 and p <0.001, respectively).

In both quartiles 1 and 2, the proportion of patients who died was lower than that of patients who survived (SIII: [Q1]
77.3% to 22.7%; SIRIL: [Q1] 78.2% to 21.8%; SIII: [Q2] 67.4% vs 32.6% SIRI: [Q2] 67% vs 33%). The number of
patients who died in quartiles 3 and 4 of the SIRI was higher (SIRI: [Q3] 47% to 53%; [Q4] 41.9% to 58.1%) (Figure 2).
While the number of surviving patients was higher in quartile 3 of the SII, the number of patients who died in quartile 4
was higher (SII: [Q3] 50.8% to 49.2%; [Q4] 38.6% to 61.4%) (Figure 3).
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Table 2 Cox Regression Analysis for Systemic Immune Inflammation Index

95% CI P value
Age 1.04 (1.03-1,0.05) | <0.001
Systemic Immune Inflammation Index <0.001

Systemic Immune Inflammation Index (Quartile 2 — Quartile 1) | 1.41 (0.92-2.16) 0.11

Systemic Immune Inflammation Index (Quartile 3 — Quartile 1) | 1.72 (1.14-2.60) 0.01

Systemic Immune Inflammation Index (Quartile 4 — Quartile 1) | 2.41 (1.62-3.57) <0.001

Chronic Kidney Disease 1.66 (1.29-2.13) <0.001

Malignancy 3.15 (2.364.21) <0.001

Note: Statistically significant variables (p<0.05).

Table 3 Cox Regression Analysis for Systemic Inflammation Response Index

95% ClI P value
Age 1.04 (1.03-1.05) <0.001
Systemic Inflammation Response Index <0.001

Systemic Inflammation Response Index (l. Quartile — 2. Quartile) 1.36 (0.90-2.07) 0.140

Systemic Inflammation Response Index (1. Quartile — 3. Quartile) 2.08 (1.40-3.07) <0.001

Systemic Inflammation Response Index (1. Quartile — 4. Quartile) 2.02 (1.37-2.94) <0.001

Chronic Kidney Disease 1.67 (1.29-2.15) <0.001

Malignancy 3.40 (2.564.53) <0.001

Note: Statistically significant variables (p<0.05).

Discussion

Internal medicine professionals face a significant burden on the health system due to increased patient burden,
complicated patients, and increased mortality rates. In this study, age, chronic kidney disease, malignancy, and elevated
SIII and SIRI scores were independently associated with mortality in hospitalized patients in the Department of Internal

Medicine.

Mortality
. Sunivor

WEx

Number of Patients

Quarle 1 Quartile 2 Quartile 3 Quartle 4

The Systemic Inflammation Response Index

Figure 2 Number of survivors and nonsurvivors according to SIRI’s quartiles.
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500 | Mortality

W Sunivor
x

Number of Patients

11

Quartile 1 Quartile 2 Quartile 3 Quartile 4

The Systemic Immune - Inflammation Index

Figure 3 Number of survivors and nonsurvivors according to SlI's quartiles.

In our study, age, chronic kidney disease, and malignancy were associated with mortality. Studies have shown that
advanced age, malignancy, and chronic kidney disease are strongly associated with mortality, as in our study.*> Apart
from these known factors, various markers have been put forward to predict mortality.

As a new type of inflammatory index, the systemic inflammatory response index (SIRI) and systemic immune-
inflammation (SII) indexes are based on the components of CBC, such as neutrophils, platelets, lymphocytes, and
monocytes. Clinically, the SII and SIRI can be easily obtained from routine blood screening results, which is cost-
effective for patients. These indices have been used to predict mortality in various diseases. Studies on mortality using
these indices are relatively new and limited. Yun et al while doing this study in patients with aneurysmal subarachnoid
hemorrhage; other investigators have investigated the relationship between the Systemic Inflammation Response Index
and the Systemic Immune-inflammation index and mortality in various cancer patients.>> *

We found a strong correlation between SIRI, SII, and all-cause mortality and determined that mortality increased as
the SII and SIRS quartiles increased. Studies have suggested that neutrophils play an important role in the inflammatory
response in atherosclerosis.””>' When the monocytes activate, they transform to lipid-laden macrophages. This trans-
formation is an essential process in the formation of atherosclerotic lesions.** Lymphocytes have a regulatory function in
inflammation and an inhibitory effect on atherosclerosis.>® That’s why studies suggest that the SII has high prognostic
value in patients with cardiovascular disease.”* Moreover, high levels of SII are associated with elevated levels of
cytokines such as interleukin-6, interleukin-8, and interleukin-10, which are implicated in the systemic chronic inflam-
mation response.>>*® The increased mortality in participants with a higher SII was thought to be due to chronic
inflammation, which could produce reactive oxygen and nitrogen species, increasing the risk of death.*’ An increase
in SII and SIRI quartiles may be associated with an increase in atherosclerosis and chronic inflammation. Therefore, an
increase in the SIRI and SII quartiles was closely associated with an increase in mortality.

However, research on this topic is new and limited research has been conducted on this topic. When the literature was
examined, it was observed that the studies were generally related to a single disease. The feature that distinguishes our
study from other studies is the high number of cases, the long follow-up period, and the inclusion of patients with various
chronic diseases. In our study, unlike others, we found that as SIRI and SII levels increased, all cause of mortality
increased inpatients in correlation with SIRI and SII levels.

Conclusion

Chronic inflammation is associated with various health problems including cardiovascular diseases, cancer, and mortality.
Our study indicates the clinical importance of SIRI and SII as novel markers for predicting mortality in inpatients in

internal medicine clinics. It was found that the SIRI and SII at the time of admission were significantly related to the

prognosis of hospitalized patients in the internal medicine clinic. Elevated SIRI and SII indices independently predicted

poor prognosis. The systemic immune inflammation index and systemic inflammation response index have been
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identified as novel prognostic markers for all-cause mortality. The SIRI and SII may serve as useful, low-cost, and

noninvasive prognostic mortality markers for inpatients. Further studies are necessary to validate our findings.
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