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Abstract

Background: Vancomycin (VAN) is the standard of care for Gram-positive infections. The systemic inflammation response index (SIRI)
has been associated with infections and sepsis across various clinical settings; however, the correlates and determinants of the SIRI during
VAN therapy remain unexplored. This retrospective cross-sectional study aimed to identify the determinants of the SIRI among adults
treated with VAN. Methods: Medical records of 299 patients who received VAN were analyzed consecutively. Prevalence rates were
calculated; Spearman’s correlation and regression models were employed to evaluate associations; risk assessment was conducted using
prevalence ratios and odds ratios; diagnostic potential was assessed using receiver operating characteristic curves. Results: The SIRI
was significantly higher in intensive care unit (ICU) patients than in non-ICU patients receiving VAN therapy (p < 0.0001). Age, blood
pressure, creatinine, Na+, CO2, albumin, aspartate transaminase (AST), gamma-glutamyl transferase (GGT), bilirubin, coefficient of
variation in red cell distribution width (RDW-CV), and platelet count were significantly and differentially correlated with the SIRI. In the
adjusted analysis, ICU requirement emerged as the strongest independent predictor of SIRI, with ICU patients showing a 2.13-fold higher
SIRI(p < 0.0001). Moreover, the prevalence of ICU requirement was 1.61 times higher in individuals with increased SIRI (p = 0.0018),
whose odds of ICU requirement were 2.16 times higher (p = 0.0016). The SIRI also demonstrated moderate discriminatory ability, with
the highest performance observed in patients younger than 50 years (area under the curve [AUC] = 0.731, p = 0.0001). Conclusions: The
SIRI is a novel and cost-effective marker that is correlated with distinct demographic and clinical variables and independently associated
with ICU requirement in VAN-treated patients and may aid in the risk stratification and management of this vulnerable patient cohort.
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1. Introduction
Vancomycin (VAN) is a tricyclic glycopeptide antibi-

otic isolated from Streptococcus orientalis. The bacterici-
dal effect of VAN is mediated through the inhibition of glu-
cosyltransferase activity that catalyzes peptidoglycan poly-
merization in the bacterial cell wall [1]; therefore, it is in-
dicated for infections caused by Gram-positive bacteria, in-
cluding staphylococci, streptococci, and enterococci. Be-
cause of its poor oral absorption, VAN is administered by
IV infusion and mainly excreted through the kidneys. Ther-
apeutic drug monitoring (TDM) is required for VAN due
to its narrow therapeutic index, high toxicity in overdose,
and variability in pharmacokinetics [2]. Moreover, subther-
apeutic levels precipitate the emergence of VAN-resistant
strains [3], and a strict correlation between serum levels and
adverse effects does not exist with many of the toxic effects
observed within the therapeutic range.

According to the clinical guidelines published by the
Saudi Ministry of Health (MOH) [4], the loading dose of
VAN is intravenously administered at 25 to 30 mg/kg, with
a maximum of 3 g in obese adults, while the maintenance
dose ranges from 15 to 20 mg/kg every eight to 12 hours.
The half-life of VAN ranges from four to 12 hours, and a
steady-state circulating level is reached after four to five

half-lives, which is typically achieved within one to two
days of regular dosing. Due to the long distribution phase of
VAN, only trough levels, determined 30 minutes before the
fourth dose onward, are monitored to ensure that the serum
concentration is within the therapeutic range. The target
trough range is 10–15 mg/L and 15–20 mg/L for uncompli-
cated and complicated infections, respectively. Peak levels
are not monitored since they do not correlate with toxicity
or efficacy.

The toxic effects of VAN include red man syndrome
(non-IgE hypersensitivity due to rapid infusion), nephro-
toxicity, ototoxicity, neutropenia, and thrombocytopenia
[5,6]. In particular, impaired renal function significantly
prolongs the half-life of VAN and the treatment duration re-
quired to achieve a steady-state serum level. VAN-induced
nephrotoxicity occurs due to proximal tubule injury with
an increase in serum creatinine of ≥0.3 mg/dL or ≥50%
from baseline within two to seven days of initiating ther-
apy. Risk factors of renal injury due to VAN include high
trough levels, prolonged therapy, exposure to nephrotoxic
medications, sepsis, intensive care unit (ICU) admission,
and volume depletion [7].

The Saudi MOH mandates periodic complete blood
count (CBC) measurements to monitor neutropenia and
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thrombocytopenia, which are often encountered in VAN-
treated patients, mainly due tomyelosuppression. Recently,
CBC-derived ratios and indices have gained widespread in-
terest in various clinical settings. The systemic inflamma-
tion response index (SIRI) is a composite biomarker that re-
flects innate immune activation and adaptive immune sup-
pression in the systemic circulation [8].

SIRI = absolute neutrophil count × absolute monocyte count
absolute lymphocyte count

In particular, elevated neutrophils and monocytes in-
dicate enhanced inflammatory burden and phagocytic ac-
tivity, while lymphopenia suggests immune dysregulation
and worsening outcomes. As such, SIRI has emerged as a
promising marker of systemic inflammation in a wide spec-
trum of conditions. SIRI was reported to be associated with
sepsis and mortality in patients with various conditions, in-
cluding stroke [9], cardiovascular disease [10], pancreatic
adenocarcinomas [8], breast cancer [11], and gastric cancer
[12]. Furthermore, elevated SIRI was detected in psoria-
sis [13], renal disease [14], lupus nephritis [15], catheter-
related bloodstream infection [16], stroke-associated pneu-
monia [17], necrotizing pneumonia [18], and infections in
subjects with anti-synthetase syndrome [19].

Critically ill patients in the ICU receiving VAN re-
quire adjusted dosing and continuous infusion [20] and
exhibit significant individual variation in pharmacokinet-
ics and pharmacodynamics [21]. Moreover, renal function
tests can detect VAN-induced nephrotoxicity only when
50% of function is lost [5], highlighting the need for more
sensitive markers of kidney function, especially in vulnera-
ble patients. Accordingly, this study was designed to iden-
tify the clinical and biochemical determinants of SIRI in
adult patients receiving VAN therapy.

2. Experimental Design
2.1 Study Design and Patients

This retrospective cross-sectional study took place at
King Khalid University Hospital, a tertiary care academic
center located in Riyadh, Saudi Arabia. The study was
approved by King Saud University Ethics Committee (ap-
proval number: E-25-9553; approval date: February 12,
2025). Due to the retrospective, cross-sectional design of
the study, no a priori sample size calculation was per-
formed. Instead, to minimize selection bias and maximize
statistical power, data were consecutively extracted from
the hospital registry for adult patients (≥18 years) who re-
ceived VAN between January 2024 and February 2025. Pa-
tients who were younger than 18 years old, did not receive
VAN, or had missing SIRI parameters were excluded. The
same cohort has previously been used for related biomarker
analyses [22] as part of a broader project exploring the clin-
ical utility of emerging inflammatory, organ-specific, and
composite scores during VAN therapy. Each biomarker was

separately analyzed to permit focused and detailed identifi-
cation of specific associated factors and correlates.

The dataset included age, gender, body mass index
(BMI), systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), VAN dosage and trough levels, ICU status,
comorbidities, and laboratory parameters—including liver
and renal function tests (Cobas 8100, Roche Diagnostics,
Indianapolis, IN, USA) and CBC (XN-2000, Sysmex Cor-
poration, Kobe, Hyogo, Japan). Isolated organisms and
sensitivity profiles can be found in our previous publication
[22]. All data were recorded at the time of VAN trough level
determination as mandated by the Saudi MOH. Patients
were primarily stratified according to ICU status whereas
secondary stratification was based on gender; age distribu-
tion into three groups, namely, <50 years (100 subjects),
50–65 years (79 subjects), and >65 years (120 subjects)
[23]; and VAN trough levels.

2.2 Statistical Analysis
All analyses were performed using Prism 9.0 (Graph-

Pad Software, Inc., San Diego, CA, USA) and Excel 2019
(Microsoft Corporation, Redmond, WA, USA). The differ-
ence in prevalence was examined using a Chi-square test,
followed by the calculation of residuals. Data did not pass
normality as assessed by D’Agostino-Pearson, Anderson-
Darling, and Kolmogorov-Smirnov tests. Thus, the Mann–
Whitney U test was used to compare medians between the
ICU and non-ICU groups with interquartile range. . Spear-
man’s correlation was computed, and regression models
were constructed to evaluate associations. In multivariable
regression models, multicollinearity among variables was
tested using variance inflation factor (VIF) analysis. Prin-
cipal component analysis (PCA) was performed to probe
data variance. To minimize scale-dependent bias across pa-
rameters, variables were standardized to a mean of 0 and
a standard deviation of 1 prior to PCA. Principal compo-
nents (PC) were selected using parallel analysis withMonte
Carlo simulation (1000 iterations, 95th percentile thresh-
old). Prevalence ratio (PR), odds ratio (OR), prevalence dif-
ference (PD), and area under the curve (AUC) in receiver
operating characteristic (ROC) curve analysis, along with
the positive predictive value (PPV) and negative predic-
tive value (NPV), were computed using Koopman asymp-
totic score, Newcombe/Wilson, Baptista-Pike, and Wilson-
Brown methods, respectively. For overall risk analysis, a
pooled median cutoff was used, whereas for subgroup ROC
optimization, cutoff values were determined by calculation
of Youden index.

3. Results
Table 1 shows the demographic and clinical charac-

teristics of ICU and non-ICU patients. Weight, BMI, blood
pressure (BP), creatinine, phosphate, calcium, magnesium,
albumin, aspartate transaminase (AST), alanine transami-
nase (ALT), bilirubin, red blood cells (RBCs), hematocrit,
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Fig. 1. Distribution of patients based on ICU status and VAN trough levels. Prevalence (%) of ICU requirement based on (A) gender
and (B) age group. Prevalence (%) of VAN trough levels based on (C) gender and (D) age group. VAN, vancomycin.

hemoglobin, white blood cells (WBCs), platelets, and mean
platelet volume were significantly different between the
two groups as determined by the Mann–Whitney U test.

The Chi-square test revealed no significant association
between gender (Fig. 1A) or age (Fig. 1B) and ICU admis-
sion (p = 0.7979 and 0.9853, respectively). Only about half
of the patients (52.01%) had trough levels within the thera-
peutic range, while 33.22%had supratherapeutic levels, and
therapeutic failure was observed in 14.77%. Gender-wise
comparisons (Fig. 1C) reveal a significant Chi-square test,
χ2(2) = 11.65, p = 0.003, indicating an appreciable associa-
tion between gender and trough levels. Specifically, males
had a higher proportion of therapeutic levels (58.67%) com-
pared to females (45.3%). Furthermore, therapeutic failure
was slightly more common in males (17.3% vs. 12.2%),
while more females had supratherapeutic levels (42.6% vs.
24.0%).

Age was also a significant factor influencing trough
levels, χ2(4) = 13.72, p = 0.0083. In particular, as seen
in Fig. 1D, patients aged <50 years were the most af-
fected by therapeutic failure, constituting 24.0% of all
cases. Conversely, supratherapeutic levels were most com-
mon (39.50%) in older patients (>65 years). In the 50–65
age group, 51.90% had a therapeutic level, and 36.71% had
a supratherapeutic level. However, the association between
ICU admission and trough levels was not significant (p =
0.716).

Based on the observed variability in ICU distribution
and VAN trough levels across demographic subgroups, we
next examined whether SIRI differed according to ICU sta-
tus. SIRI was significantly higher in ICU patients of both

genders and when analyzed in isolation (Fig. 2A–C). When
stratified by age (Fig. 2D–F), the difference remained sig-
nificant in younger (<50 years) and older (>65 years) pa-
tients but not in the 50–65 age group.

Spearman’s correlation (Table 2) identified multiple
variables that are significantly associated with SIRI, in-
cluding age, DBP, serum creatinine, CO2, albumin, AST,
gamma-glutamyl transferase (GGT), total bilirubin, conju-
gated bilirubin, and unconjugated bilirubin. In non-ICU pa-
tients, all correlations persisted along with platelets, except
DBP andAST. In ICU patients, only liver markers and coef-
ficient of variation in red cell distribution width (RDW-CV)
were negatively associated with SIRI.

Table 3 shows a linear regression model formulated to
determine factors independently associated with SIRI. No
evidence of multicollinearity was observed since all VIF
values were <1.1. It was found that each one-year increase
in age elevated SIRI by 1.5% (p = 0.0005). Notably, ICU
patients had a 2.13-fold increase in SIRI compared to non-
ICU patients (p < 0.0001), indicating that ICU requirement
was the strongest predictor of increased SIRI. Moreover,
a one-unit elevation in serum creatinine or unconjugated
bilirubin is associated with increases in SIRI of 0.1% (p <
0.0001) and 2.2% (p < 0.0001), respectively. In contrast,
SIRI decreased by a small magnitude for every one-unit in-
crease in AST activity (p = 0.0013). It should be empha-
sized that these variables represent associations rather than
causative factors.

Further inspection of the data by PCA revealed highly
negative loadings for SIRI (–0.78), age (–0.56), and cre-
atinine (–0.53) on PC1, and positive loadings for uncon-
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Table 1. Characteristics of study subjects.
Parameter Non-ICU (n = 184) ICU (n = 115) p-value

Age (years) 59.50 (54.99–60.78) 61.0 (53.44–59.86) 0.4449
Gender (male/female %) 51.09/48.91 49.57/50.43 0.7979
SBP (mmHg) 121.0 (118.7–124.9) 111.0 (108.5–115.4) <0.0001
DBP (mmHg) 64.50 (57.0–73.0) 58.0 (52.0–68.0) 0.0002
Weight (kg) 68.0 (65.90–71.92) 70.0 (71.15–78.98) 0.0416
BMI (kg/m2) 25.32 (25.70–27.96) 27.53 (27.21–29.93) 0.0316
Vancomycin dose (mg) 1000 (1016–1131) 1000 (1066–1180) 0.2170
Vancomycin trough (mg/L) 22.10 (16.44–18.70) 21.60 (16.21–19.29) 0.8651
Creatinine (μmol/L) 81.0 (121–175.70) 110.0 (130.8–182.7) 0.0223
Na+ (mmol/L) 138.1 (134.1–140.7) 138.2 (134.9–144.4) 0.0911
K+ (mmol/L) 4.11 (3.64–5.68) 4.06 (4.027–4.31) 0.9064
Cl– (mmol/L) 101.9 (97.89–102.6) 103.6 (98.37–104.6) 0.3015
PO4

3– (mmol/L) 1.05 (1.05–1.16) 1.22 (1.16–1.34) 0.0063
Ca2+ (mmol/L) 2.08 (2.04–2.10) 2.02 (2.0–2.09) 0.0573
Mg2+ (mmol/L) 0.81 (0.79–0.85) 0.89 (0.86–0.93) 0.0005
CO2 (mmol/L) 23.10 (22.39–23.84) 22.0 (21.57–23.39) 0.2774
Albumin (g/L) 29.60 (29.01–30.70) 28.0 (26.80–28.85) 0.0067
ALT (U/L) 18.60 (21.64–30.89) 27.50 (55.64–183.9) 0.0002
AST (U/L) 23.30 (15.50–37.80) 36.0 (20.80–95.90) <0.0001
ALP (U/L) 112.5 (126.3–159.1) 102.0 (143.5–204.4) 0.8619
GGT (U/L) 50.0 (71.49–109.7) 52.0 (70.55–153.5) 0.6501
Total bilirubin (μmol/L) 6.40 (10.41–27.19) 10.30 (21.60–56.11) <0.0001
Conj. bilirubin (μmol/L) 3.40 (6.16–20.61) 6.80 (15.26–43.49) <0.0001
Unconj. bilirubin (μmol/L) 2.90 (3.73–6.77) 3.40 (5.89–13.06) 0.0137
RBCs (×109/L) 3.50 (3.47–3.71) 3.20 (3.18–3.44) 0.0018
HCT (%) 30.0 (30.08–31.86) 27.15 (26.99–28.78) <0.0001
Hemoglobin (g/dL) 9.60 (8.50–11.18) 8.70 (8.10–10.0) 0.0002
MCH (pg) 28.10 (27.41–28.21) 28.20 (27.30–28.22) 0.9342
MCHC (g/L) 319.0 (300.2–317.0) 324.0 (285.4–314.9) 0.2043
MCV (fL) 86.90 (85.62–88.05) 85.90 (84.20–86.95) 0.2422
RDW-CV (%) 16.20 (16.22–17.21) 16.50 (16.57–17.72) 0.1133
WBCs (×109/L) 9.38 (9.30–11.12) 11.37 (11.60–15.63) 0.0042
Platelets (×109/L) 271.0 (265.50–312.0) 182.0 (179.2–238.20) <0.0001
MPV (fL) 10.40 (10.32–10.68) 10.70 (10.56–10.99) 0.0408

Results are shown as medians (95% CI). SBP, systolic blood pressure; DBP, diastolic
blood pressure; BMI, body mass index; ALT, alanine transaminase; AST, aspartate
transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; RBCs,
red blood cells; HCT, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; RDW-CV, co-
efficient of variation in red cell distribution width; WBCs, white blood cells; MPV, mean
platelet volume; ICU, intensive care unit; Conj., conjugated; Unconj., unconjugated.

jugated bilirubin (0.74) and AST (0.70) on PC2, as de-
picted in Fig. 3A. The distribution of patients relative to
PC1 and PC2 is shown in Fig. 3B,C, respectively, and
loadings are superimposed on these distributions in Fig.
3D. Furthermore, eigenvalues (Fig. 3E) suggest that PC1
(1.37, 27.36% variance) and PC2 (1.17, 23.38%) together
accounted for 50.74% of the variance with loading pat-
terns suggesting contributions from inflammatory, renal,
and hepatic variables. PC3 (19.8%), PC4 (17.05%), and

PC5 (12.41%) all had eigenvalues of <1.0 and, therefore,
contributed less to variance than PC1 and PC2 (Fig. 3F).

Table 4 indicates the likelihood of ICU admission
based on SIRI using a pooled median cutoff of 4.0. The
PR value indicates that the prevalence of ICU admission
in patients with high SIRI (≥4.0) is 1.61 times higher than
that of their non-ICU counterparts (p = 0.0018). The PD
between high and low SIRI was 0.18, reflecting a signifi-
cantly higher prevalence of ICU admission in patients with
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Fig. 2. SIRI is significantly increased in ICU patients. SIRI in (A) all patients, (B) males, (C) females, and (D) patients aged <50
years, (E) 50–65 years, and (F) >65 years. Results are shown as medians (IQR). No significance is indicated by ns, whereas significance
is shown as *(<0.05), **(<0.01), ***(<0.001), and ****(<0.0001). SIRI, systemic inflammation response index.

high SIRI (p = 0.0015). The OR indicates that the odds of
ICU admission are 2.16 times higher if SIRI is increased
(p = 0.0016). An analysis of the PPV revealed that 70.8%
of patients with increased SIRI required an ICU stay, but
a low SIRI does not necessarily rule out the need for ICU
admission based on a NPV of 47.2%.

Finally, we constructed ROC curves to explore the dis-
criminatory power of SIRI for ICU admission. When all pa-
tients were considered (Fig. 4A), the AUC was 0.654 (p <
0.0001), which persisted when males (Fig. 4B) and females
(Fig. 4C) were analyzed alone. When the participants were
stratified by age, SIRI had the highest diagnostic accuracy
in younger patients (Fig. 4D), with an AUC of 0.731 (p =
0.0001), while it lacked significance in the 50–65 age group
(Fig. 4E) and regained it in older patients (AUC = 0.623, p
= 0.0254, Fig. 4F).

Diagnostic metrics for optimal cutoff values are pre-
sented in Table 5, which varied across demographic sub-
groups. The highest cutoff was found in subjects >65 years
of age (>8.0) who also demonstrated the lowest Youden
index (0.20). Conversely, the strongest diagnostic perfor-
mancewas observed in individuals younger than 50 years of
age who had the highest Youden index (0.35). Altogether,
SIRI shows amodest-to-fair discriminatory ability based on
ICU requirement.

4. Discussion
This is the first study to explore the clinical and bio-

chemical determinants of SIRI in VAN-treated patients.
Our results indicate that ICU requirement is the strongest
predictor of increased SIRI, which underscores its poten-
tial clinical utility in identifying patients at risk for needing
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Table 2. Spearman’s correlation (ρ) of SIRI with clinical parameters.
Parameter Total (n = 299) p-value Non-ICU (n = 184) p-value ICU (n = 115) p-value

Age 0.2172 0.0002 0.2939 <0.0001 0.01956 0.8364
DBP –0.1642 0.0046 –0.0434 0.5592 0.1441 0.1261
Creatinine 0.2464 <0.0001 0.2104 0.0042 0.0001 0.9989
Na+ –0.1142 0.0501 –0.1745 0.0181 –0.0003 0.9972
CO2 –0.1576 0.0067 –0.1686 0.0225 –0.1468 0.1192
Albumin –0.1260 0.0305 –0.1705 0.0210 –0.2382 0.0107
AST 0.1168 0.0454 0.0633 0.3948 –0.1639 0.0813
GGT 0.1168 0.0455 0.1467 0.0481 –0.1929 0.0397
Total bilirubin 0.2572 <0.0001 0.2247 0.0023 –0.2322 0.0129
Conj. bilirubin 0.2735 <0.0001 0.2330 0.0015 –0.2388 0.0105
Unconj. bilirubin 0.1884 0.0012 0.1834 0.0132 –0.1218 0.1966
RDW-CV 0.0808 0.1664 0.0823 0.2680 –0.2173 0.0202
Platelets 0.0041 0.9438 0.1795 0.0151 0.0281 0.7663
ALT, alanine transaminase; DBP, diastolic blood pressure; AST, aspartate transaminase; GGT, gamma-
glutamyl transferase; RDW-CV, coefficient of variation in red cell distribution width.

Table 3. Multivariable regression analysis of SIRI.
Predictor B SE 95% CI t value p-value

Age 0.006515 0.001851 0.002871 to 0.01016 3.519 0.0005
ICU 0.3288 0.06858 0.1938 to 0.4638 4.794 <0.0001
Creatinine 0.0004272 0.0001943 4.480 × 10−5 to 0.0008096 2.199 0.0287
Unconj. bilirubin 0.009519 0.002332 0.004929 to 0.01411 4.082 <0.0001
AST –8.901 × 10−5 2.732 × 10−5 –0.0001428 to –3.523 × 10−5 3.258 0.0013
The model is adjusted for gender, vancomycin trough level, hypertension, diabetes mellitus, renal
disease, and cancer.

Fig. 3. PCA of data variance. (A) Loadings, (B) PC scores relative to PC1, (C) PC scores relative to PC2, (D) biplot showing loadings
and PC scores, (E) a scree plot showing eigenvalues of each PC, and (F) individual and cumulative proportion of variance explained by
each PC. PCA, principal component analysis.

critical care. Since SIRI is inexpensive and readily avail-
able from routine CBC results, the clinical prospects of this
marker may hold significant promise for screening, diag-
nostic, therapeutic, and prognostic applications.

TDM for VAN is the cornerstone of patient manage-
ment, as it reduces sepsis-related mortality [24]. We found
that therapeutic failure was more prevalent in young pa-
tients (Fig. 1), which corroborates a previous study by Ishii
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Fig. 4. Diagnostic power of SIRI for ICU admission. ROC curves for (A) all patients, (B) males, (C) females, and (D) patients aged
<50 years, (E) 50–65 years, and (F) >65 years. ROC, receiver operating characteristic.

Table 4. Risk assessment of SIRI for ICU requirement.
Parameter Score 95% CI p-value z statistic

PR 1.61 1.1948–2.1822 0.0018 3.118
PD 0.18 0.0641–0.2893 0.0015 3.183
OR 2.16 1.3407–3.4925 0.0016 3.160
PPV 0.71 0.6316–0.7739 – –
NPV 0.47 0.3916–0.5536 – –
PR, prevalence ratio; PD, prevalence difference; OR, odds ratio;
PPV, positive predictive value; NPV, negative predictive value.

et al. [23] showing that patients aged <50 years were at in-
creased risk for subtherapeutic levels. Interestingly, this did
not correspond to increased risk of ICU admission (Fig. 1),
which, in contrast to the findings of Altowayan et al. [25],
is also confirmed by the lack of significant association be-
tween trough levels and ICU admission. This observation
points to the contribution of other factors and the heteroge-
neous nature of patient cohorts. Overall, the observed age
disparity may indicate that young patients have higher VAN
clearance due to better kidney function, a larger volume of
distribution for hydrophilic drugs than their older counter-
parts, or more severe infections.

Older patients and females exhibited a higher risk for
supratherapeutic levels than younger patients and males,
which may be explained by reduced clearance, a lower
volume of distribution, comorbidities, or polypharmacy
[25,26]. Females, in particular, have significantly less

muscle mass than males, which influences their drug
metabolism. Furthermore, the effect of sex hormones on
renal function cannot be overlooked [27]. It has recently
been reported that female patients had significantly higher
trough levels than males [28], which is in agreement with
multiple previous studies [29,30], further arguing for indi-
vidualized dosing regimens. It should be mentioned, how-
ever, that males were found to be somewhat more prone
to bloodstream infections caused by VAN-resistant entero-
cocci [31], highlighting the complexity of gender disparity
in antimicrobial therapy.

Our analysis of SIRI based on ICU status (Fig. 2) re-
vealed that gender does not seem to be a major factor driv-
ing the inflammatory response in this patient cohort. The
robust immune response may account for the elevated SIRI
in the young age group, while the increased disease burden
may be a contributing factor in older patients. The lack of a
significant SIRI increase in patients aged 50–65 years sug-
gests that inflammation is comparatively less pronounced in
this group and may reflect subgroup heterogeneity or rela-
tively inferior diagnostic performance as further supported
by ROC findings (Fig. 4).

Our correlation analysis indicates that SIRI behaves
differently in adults receiving VAN based on their ICU sta-
tus, which supports its potential use in risk stratification. In
our regression model, creatinine was a significant predic-
tor of SIRI, which indicates that patients with renal impair-
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Table 5. ROC-derived diagnostic thresholds for ICU requirement.
Group SIRI Sensitivity 95% CI Specificity 95% CI LR Youden

Both genders >1.637 0.8750 0.8011–0.9241 0.3552 0.2895–0.4269 1.357 0.2302
Males >1.645 0.9091 0.8042–0.9605 0.3763 0.2846–0.4779 1.458 0.2854
Females >2.056 0.7895 0.6671–0.8753 0.4222 0.3254–0.5254 1.366 0.2117
<50 years >3.732 0.5897 0.4342–0.7292 0.7667 0.6456–0.8556 2.527 0.3564
50–65 years >2.818 0.7333 0.5555–0.8582 0.5106 0.3724–0.6472 1.499 0.2439
>65 years >8.005 0.4651 0.3251–0.6108 0.7368 0.6282–0.8227 1.767 0.2019
LR, likelihood ratio.

ment experience increased inflammation that could be ex-
acerbated by VAN treatment. Regarding age, SIRI showed
a significant increase in stable patients, reflecting aging-
related chronic inflammation, which was likely masked in
the ICU group by comorbidities. This was also true in the
case of acid-base status, where Na+ and CO2 were inversely
related to SIRI in non-ICU patients, whereas fluid replace-
ment in critical illness likely abrogated such a relationship
[32].

Importantly, the strongest negative association be-
tween SIRI and albumin was found in ICU patients, while
other liver markers showed a shift toward negative correla-
tion compared to their non-ICU counterparts. Albumin is a
negative acute phase protein and has a half-life of approx-
imately 21 days, which makes it a good index of chronic
disease [33]. The negative correlation with SIRI indepen-
dently of ICU status suggests systemic inflammation, mal-
nutrition, liver disease, or capillary leakage [34]. Of note,
the positive correlations of AST, GGT, and bilirubin with
SIRI strongly support hepatic dysfunction and metabolic
stress.

Overall, SIRImay be useful in the assessment of infec-
tion severity and nutritional status during VAN therapy, as it
significantly correlates with hepatic involvement [35]. This
aligns with previous reports highlighting the central role of
neutrophils and monocytes in liver disease. Resident Kupf-
fer cells in the liver stimulate neutrophil migration, accumu-
lation, and trap formation, which, in turn, recruit monocyte-
derived macrophages through cytokines, chemokines, and
adhesion molecules that exacerbate tissue injury and in-
flammatory damage. Simultaneously, once instigated by
free radicals released from neutrophils, monocytes switch
phenotypes to initiate hepatic cellular repair and promote
tissue remodeling [36]. Collectively, the association of
SIRI with renal and liver markers seems to indicate a pos-
sible interplay between systemic inflammation and VAN-
associated renal or hepatic dysfunction which could be fur-
ther explored in longitudinal studies using serial SIRI mea-
surements.

We also identified RDW-CV as an exclusive marker
in the ICU group, whose negative correlation possibly in-
dicates myelosuppression caused by VAN [37]. In con-
trast, platelets were only correlated with SIRI in non-
ICU patients, probably due to a higher risk of antibody-

mediated cytotoxicity in critically ill patients [38]. Thus, el-
evated SIRI may predict inflammatory thrombocytopenia,
which is often complicated by life-threatening gastrointesti-
nal bleeding.

Risk assessment measures (Table 4) and ROC curves
(Fig. 4) suggest that SIRI is a robust predictor of ICU
admission, with significant PR, PD, OR, and AUC val-
ues. Whether this association is due to sepsis severity,
multiorgan dysfunction, or both remains to be determined.
Nonetheless, SIRI was not sufficiently reliable to rule out
the need for ICU, given the moderate NPV, which neces-
sitates close patient monitoring irrespective of diminished
SIRI values. In any case, increased neutrophils and mono-
cytes with or without lymphopenia are a typical immune
response against bacterial infections, and, therefore, SIRI
may serve as an early marker of severe bacterial sepsis.

Limitations
This study has several strengths. First, the exclusion

of pediatric patients mitigates potential confounding stem-
ming from variable immune responses. Second, the large
sample size ensures sufficient statistical power to allow for
the generalizability of the findings to diverse patient pop-
ulations. Third, the heterogeneity of the analyzed cohort
represents general hospital populations which enhances the
applicability of the findings to routine clinical practice.
Fourth, the use of a hospital registry and the simultaneous
collection of clinical and laboratory data minimizes tempo-
ral bias. However, some limitations also deserve consid-
eration. The cross-sectional nature of the study precludes
causal inference, the single-center design may compromise
external validity, and residual confounding may have po-
tentially been introduced due to the lack of data on physi-
cal activity, dietary habits, and medication intake. Further-
more, detailed documentation of infection type, duration of
VAN therapy, and compliance with trough monitoring were
not consistently available in the hospital registry. Addition-
ally, the absence of a non-VAN comparator group may un-
dermine the potential contribution of VAN exposure in the
observed associations.

5. Conclusions
In conclusion, this report characterized the clinical

profiles of adult patients receiving VAN and demonstrated
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the first evidence of the association between SIRI and key
demographic and clinical variables including ICU require-
ment. Since it is readily available from routine clinical lab
measurements, SIRI represents a cost-effective marker that
may be used alongside other established tests to assess the
need for close monitoring and to identify patients at risk for
deteriorating kidney and liver function during VAN expo-
sure. These findings support the need for prospective longi-
tudinal studies investigating the clinical prospects of SIRI
in addition to other novel ratios and indices that could be
used for risk stratification in antimicrobial therapy.

Availability of Data and Materials
The data that support the findings of this study are

available from the corresponding author, M.A.A., upon rea-
sonable request. The dataset is not publicly available as
it would contravene ethical standards, compromise partici-
pant confidentiality, and breach legal requirement.

Author Contributions
MAAand JA designed the research study. MAA, JA

and SAA performed the research. MAA, JA, and SAA ana-
lyzed the data. MAA, JA, and SAA wrote the original draft
and contributed to manuscript revision. All authors read
and approved the final manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
The study was approved by King Saud University

Ethics Committee (approval number: E-25-9553; approval
date: February 12, 2025). The study was carried out in ac-
cordance with the guidelines of the Declaration of Helsinki.
Informed consent was waived due to the retrospective de-
sign of the study.

Acknowledgment
We would like to express our gratitude to the Ongoing

Research Funding Program, King Saud University, Riyadh,
Saudi Arabia for funding this work under grant no. ORF-
2026-554.

Funding
This work was funded by the Ongoing Research Fund-

ing Program, King Saud University, Riyadh, Saudi Arabia
through grant no. ORF-2026-554.

Conflicts of Interest
The authors declare no conflicts of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/Pharmazie51565.

References
[1] Koyama N, Inokoshi J, Tomoda H. Anti-infectious agents

against MRSA. Molecules (Basel, Switzerland). 2012; 18: 204–
224. https://doi.org/10.3390/molecules18010204

[2] Cunio CB, Uster DW, Carland JE, Buscher H, Liu Z, Brett J, et
al. Towards precision dosing of vancomycin in critically ill pa-
tients: an evaluation of the predictive performance of pharmaco-
metric models in ICU patients. Clinical Microbiology and Infec-
tion : the Official Publication of the European Society of Clin-
ical Microbiology and Infectious Diseases. 2021; 27: 783.e7–
783.e14. https://doi.org/10.1016/j.cmi.2020.07.005

[3] Ye ZK, Li C, Zhai SD. Guidelines for therapeutic drug moni-
toring of vancomycin: a systematic review. PloS One. 2014; 9:
e99044. https://doi.org/10.1371/journal.pone.0099044

[4] Saudi Ministry of Health. Therapeutic Drug Monitoring (TDM)
protocol for adult: vancomycin and aminoglycosides. 2019.
Available at: https://www.moh.gov.sa/Ministry/MediaCenter/
Publications/Documents/Protocol-002.pdf (Accessed: 3 March
2025).

[5] Bruniera FR, Ferreira FM, Saviolli LRM, Bacci MR, Feder D,
da Luz Gonçalves Pedreira M, et al. The use of vancomycin with
its therapeutic and adverse effects: a review. European Review
for Medical and Pharmacological Sciences. 2015; 19: 694–700.

[6] Gerstein W, Colombo E, Harji F. Documented vancomycin-
induced severe immune-mediated thrombocytopaenia. BMJ
Case Reports. 2018; 2018: bcr2018224682. https://doi.org/10.
1136/bcr-2018-224682

[7] Monteiro JF, Hahn SR, Gonçalves J, Fresco P. Vancomycin ther-
apeutic drug monitoring and population pharmacokinetic mod-
els in special patient subpopulations. Pharmacology Research &
Perspectives. 2018; 6: e00420. https://doi.org/10.1002/prp2.420

[8] Qi Q, Zhuang L, Shen Y, Geng Y, Yu S, Chen H, et al. A novel
systemic inflammation response index (SIRI) for predicting the
survival of patients with pancreatic cancer after chemother-
apy. Cancer. 2016; 122: 2158–2167. https://doi.org/10.1002/cn
cr.30057

[9] Zhang Y, Xing Z, Zhou K, Jiang S. The Predictive Role of
Systemic Inflammation Response Index (SIRI) in the Progno-
sis of Stroke Patients. Clinical Interventions in Aging. 2021; 16:
1997–2007. https://doi.org/10.2147/CIA.S339221

[10] Xia Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic Immune
Inflammation Index (SII), System Inflammation Response In-
dex (SIRI) and Risk of All-Cause Mortality and Cardiovascu-
lar Mortality: A 20-Year Follow-Up Cohort Study of 42,875
US Adults. Journal of Clinical Medicine. 2023; 12: 1128. https:
//doi.org/10.3390/jcm12031128

[11] Zhang S, Cheng T. Prognostic and clinicopathological value of
systemic inflammation response index (SIRI) in patients with
breast cancer: a meta-analysis. Annals of Medicine. 2024; 56:
2337729. https://doi.org/10.1080/07853890.2024.2337729

[12] Wu Q, Zhao H. Prognostic and clinicopathological role of pre-
treatment systemic inflammation response index (SIRI) in gas-
tric cancer: a systematic review and meta-analysis. World Jour-
nal of Surgical Oncology. 2024; 22: 333. https://doi.org/10.
1186/s12957-024-03602-3

[13] Ma R, Cui L, Cai J, Yang N, Wang Y, Chen Q, et al. As-
sociation between systemic immune inflammation index, sys-
temic inflammation response index and adult psoriasis: evidence
from NHANES. Frontiers in Immunology. 2024; 15: 1323174.
https://doi.org/10.3389/fimmu.2024.1323174

[14] Li X, Cui L, Xu H. Association between systemic inflammation
response index and chronic kidney disease: a population-based
study. Frontiers in Endocrinology. 2024; 15: 1329256. https://
doi.org/10.3389/fendo.2024.1329256

9

https://doi.org/10.31083/Pharmazie51565
https://doi.org/10.31083/Pharmazie51565
https://doi.org/10.3390/molecules18010204
https://doi.org/10.1016/j.cmi.2020.07.005
https://doi.org/10.1371/journal.pone.0099044
https://www.moh.gov.sa/Ministry/MediaCenter/Publications/Documents/Protocol-002.pdf
https://www.moh.gov.sa/Ministry/MediaCenter/Publications/Documents/Protocol-002.pdf
https://doi.org/10.1136/bcr-2018-224682
https://doi.org/10.1136/bcr-2018-224682
https://doi.org/10.1002/prp2.420
https://doi.org/10.1002/cncr.30057
https://doi.org/10.1002/cncr.30057
https://doi.org/10.2147/CIA.S339221
https://doi.org/10.3390/jcm12031128
https://doi.org/10.3390/jcm12031128
https://doi.org/10.1080/07853890.2024.2337729
https://doi.org/10.1186/s12957-024-03602-3
https://doi.org/10.1186/s12957-024-03602-3
https://doi.org/10.3389/fimmu.2024.1323174
https://doi.org/10.3389/fendo.2024.1329256
https://doi.org/10.3389/fendo.2024.1329256
https://www.imrpress.com


[15] Yang CH, Wang XY, Zhang YH, Ding N. SIRI and SII as po-
tential biomarkers of disease activity and lupus nephritis in sys-
temic lupus erythematosus. Frontiers in Immunology. 2025; 16:
1530534. https://doi.org/10.3389/fimmu.2025.1530534

[16] Yang J, Wang H, Hua Q, Wu J, Wang Y. Diagnostic Value of
Systemic Inflammatory Response Index for Catheter-Related
Bloodstream Infection in Patients Undergoing Haemodialysis.
Journal of Immunology Research. 2022; 2022: 7453354. https:
//doi.org/10.1155/2022/7453354

[17] Zhao G, Chen Y, Gu Y, Xia X. The clinical value of nutritional
and inflammatory indicators in predicting pneumonia among pa-
tients with intracerebral hemorrhage. Scientific Reports. 2024;
14: 16171. https://doi.org/10.1038/s41598-024-67227-y

[18] Elmeazawy R, Ayoub D, Morad LM, El-Moazen AMF. Role
of systemic immune-inflammatory index and systemic inflam-
matory response index in predicting the diagnosis of necrotiz-
ing pneumonia in children. BMC Pediatrics. 2024; 24: 496.
https://doi.org/10.1186/s12887-024-04818-8

[19] Huang L, Li X, Zhou W, Zhu H, Lao Y, Huang X, et al. The
Clinical Value of the Neutrophil-to-Lymphocyte Ratio, the C-
Reactive Protein-to-Albumin Ratio, the Systemic Inflammatory
Index, and the Systemic Inflammatory Response Index in Pa-
tients with the Anti-Synthetase Syndrome. Journal of Inflamma-
tion Research. 2024; 17: 3617–3628. https://doi.org/10.2147/JI
R.S460610

[20] Roberts JA, Taccone FS, Udy AA, Vincent JL, Jacobs F, Lip-
man J. Vancomycin dosing in critically ill patients: robust meth-
ods for improved continuous-infusion regimens. Antimicrobial
Agents and Chemotherapy. 2011; 55: 2704–2709. https://doi.or
g/10.1128/AAC.01708-10

[21] Blot S, Koulenti D, Akova M, Bassetti M, De Waele JJ, Di-
mopoulos G, et al. Does contemporary vancomycin dosing
achieve therapeutic targets in a heterogeneous clinical cohort
of critically ill patients? Data from the multinational DALI
study. Critical Care (London, England). 2014; 18: R99. https:
//doi.org/10.1186/cc13874

[22] Alfhili MA, Alazmi SA, Alsughayyir JM. Correlation of
Neutrophil-Lymphocyte Ratio and Critical Illness in Adults on
Vancomycin: A Cross-Sectional Study. International Journal
of General Medicine. 2025; 18: 4157–4167. https://doi.org/10.
2147/IJGM.S537039

[23] Ishii H, Hirai K, Sugiyama K, Nakatani E, Kimura M, Itoh K.
Validation of a Nomogram for Achieving Target Trough Con-
centration of Vancomycin: Accuracy in Patients With Aug-
mented Renal Function. Therapeutic Drug Monitoring. 2018;
40: 693–698. https://doi.org/10.1097/FTD.0000000000000562

[24] Peng H, Zhang R, Zhou S, Xu T, Wang R, Yang Q, et al. Im-
pact of vancomycin therapeutic drug monitoring on mortality in
sepsis patients across different age groups: a propensity score-
matched retrospective cohort study. Frontiers inMedicine. 2024;
11: 1498337. https://doi.org/10.3389/fmed.2024.1498337

[25] Altowayan WM, Mobark MA, ALharbi A, Alduhami AA,
Rabbani SI. The influence of vancomycin on renal functions,
the predictors and associated factors for nephrotoxicity. PloS
One. 2023; 18: e0284223. https://doi.org/10.1371/journal.pone
.0284223

[26] Xi L, Li S, Chen M, Huang X, Li N, Chen N, et al. Age-
Related Differences in Vancomycin-Associated Nephrotoxicity
and Efficacy in Methicillin-Resistant Staphylococcus aureus In-

fection: A Comparative Study between Elderly and Adult Pa-
tients. Antibiotics (Basel, Switzerland). 2024; 13: 324. https:
//doi.org/10.3390/antibiotics13040324

[27] Moyer AM, Matey ET, Miller VM. Individualized medicine:
Sex, hormones, genetics, and adverse drug reactions. Pharma-
cology Research & Perspectives. 2019; 7: e00541. https://doi.or
g/10.1002/prp2.541

[28] AltowayanWM,Mobark MA, Alharbi AS, Alduhami AA, Rab-
bani SI. Factors influencing the vancomycin trough level in
patients admitted at King Fahad Specialist Hospital, Qassim,
KSA. European Review for Medical and Pharmacological Sci-
ences. 2022; 26: 4840–4845. https://doi.org/10.26355/eurrev
_202207_29209

[29] Alshehri N, Ahmed AE, Yenugadhati N, Javad S, Al Sulaiman
K, MAl-Dorzi H, et al. Vancomycin in ICU Patients with Gram-
Positive Infections: Initial Trough Levels and Mortality. Ther-
apeutics and Clinical Risk Management. 2020; 16: 979–987.
https://doi.org/10.2147/TCRM.S266295

[30] Qian X, Du G,Weng C, Zhou H, Zhou X. Evaluation of the vari-
ability and safety of serum trough concentrations of vancomycin
in patients admitted to the intensive care unit. International Jour-
nal of Infectious Diseases : IJID : Official Publication of the
International Society for Infectious Diseases. 2017; 60: 17–22.
https://doi.org/10.1016/j.ijid.2017.04.018

[31] Correa-Martínez CL, Schuler F, Kampmeier S. Sex dif-
ferences in vancomycin-resistant enterococci blood-
stream infections-a systematic review and meta-
analysis. Biology of Sex Differences. 2021; 12: 36.
https://doi.org/10.1186/s13293-021-00380-5

[32] Mayerhöfer T, Shaw AD, Wiedermann CJ, Joannidis M. Flu-
ids in the ICU: which is the right one? Nephrology, Dialysis,
Transplantation : Official Publication of the European Dialysis
and Transplant Association - European Renal Association. 2023;
38: 1603–1612. https://doi.org/10.1093/ndt/gfac279

[33] Mester S, Evers M, Meyer S, Nilsen J, Greiff V, Sandlie I, et
al. Extended plasma half-life of albumin-binding domain fused
human IgA upon pH-dependent albumin engagement of human
FcRn in vitro and in vivo. MAbs. 2021; 13: 1893888. https://do
i.org/10.1080/19420862.2021.1893888

[34] Moman RN, Gupta N, Singh C, Varacallo MA. Physiology, Al-
bumin. StatPearls [Internet]. StatPearls Publishing: Treasure Is-
land (FL). 2026.

[35] Wu J, Zhou Y. Case analysis of hepatotoxicity caused by van-
comycin. Journal of Medical Case Reports. 2024; 18: 267.
https://doi.org/10.1186/s13256-024-04574-4

[36] Huang C, Fan X, Shen Y, Shen M, Yang L. Neutrophil subsets
in noncancer liver diseases: Cellular crosstalk and therapeutic
targets. European Journal of Immunology. 2023; 53: e2250324.
https://doi.org/10.1002/eji.202250324

[37] Gupta S, Sharma S, Menon N, Ahuja S, Dahdouh M. Case
report of vancomycin-induced pancytopenia. Revista Da So-
ciedade Brasileira De Medicina Tropical. 2016; 49: 258–259.
https://doi.org/10.1590/0037-8682-0263-2015

[38] Yamanouchi J, Hato T, Shiraishi S, Takeuchi K, Yakushijin Y,
YasukawaM. Vancomycin-induced Immune Thrombocytopenia
Proven by the Detection of Vancomycin-dependent Anti-platelet
Antibody with Flow Cytometry. Internal Medicine (Tokyo,
Japan). 2016; 55: 3035–3038. https://doi.org/10.2169/internal
medicine.55.6902

10

https://doi.org/10.3389/fimmu.2025.1530534
https://doi.org/10.1155/2022/7453354
https://doi.org/10.1155/2022/7453354
https://doi.org/10.1038/s41598-024-67227-y
https://doi.org/10.1186/s12887-024-04818-8
https://doi.org/10.2147/JIR.S460610
https://doi.org/10.2147/JIR.S460610
https://doi.org/10.1128/AAC.01708-10
https://doi.org/10.1128/AAC.01708-10
https://doi.org/10.1186/cc13874
https://doi.org/10.1186/cc13874
https://doi.org/10.2147/IJGM.S537039
https://doi.org/10.2147/IJGM.S537039
https://doi.org/10.1097/FTD.0000000000000562
https://doi.org/10.3389/fmed.2024.1498337
https://doi.org/10.1371/journal.pone.0284223
https://doi.org/10.1371/journal.pone.0284223
https://doi.org/10.3390/antibiotics13040324
https://doi.org/10.3390/antibiotics13040324
https://doi.org/10.1002/prp2.541
https://doi.org/10.1002/prp2.541
https://doi.org/10.26355/eurrev_202207_29209
https://doi.org/10.26355/eurrev_202207_29209
https://doi.org/10.2147/TCRM.S266295
https://doi.org/10.1016/j.ijid.2017.04.018
https://doi.org/10.1186/s13293-021-00380-5
https://doi.org/10.1093/ndt/gfac279
https://doi.org/10.1080/19420862.2021.1893888
https://doi.org/10.1080/19420862.2021.1893888
https://doi.org/10.1186/s13256-024-04574-4
https://doi.org/10.1002/eji.202250324
https://doi.org/10.1590/0037-8682-0263-2015
https://doi.org/10.2169/internalmedicine.55.6902
https://doi.org/10.2169/internalmedicine.55.6902
https://www.imrpress.com

	1. Introduction
	2. Experimental Design
	2.1 Study Design and Patients
	2.2 Statistical Analysis

	3. Results
	4. Discussion
	Limitations

	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Supplementary Material
	References

