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Abstract

Background Chronic kidney disease (decreased kidney function) is common in hypertensive patients. The SIRI
is a novel immune biomarker. We investigated the correlation between the SIRI and kidney function in hypertensive
patients.

Methods The present study analyzed data from participants who suffered from hypertension in the NHANES
from 2009 to 2018. Multivariate regression analysis and subgroup analysis were used to clarify whether the SIRI
was an independent risk factor for decreased kidney function. RCSs were utilized to evaluate the correlation
between the SIRI and the eGFR and between the SIRI and the ACR. In addition, we modeled the mediating effect
of the SIRI on the eGFR and the ACR using blood pressure as a mediating variable.

Results The highest SIRI was an independent risk factor for a decreased eGFR [odds ratio (OR)=1.46, 95% Cl (1.15,
1.86)] and an increased ACR [OR=2.26, 95% ClI (1.82, 2.82)] when the lowest quartile was used as the reference.

The RCS results indicated an inverted U-shaped relationship between the SIRI and the eGFR and between the
SIRI'and the ACR (the inflection points were 1.86 and 3.09, respectively). The mediation effect analysis revealed

that the SIRI was the main factor influencing kidney function, and diastolic blood pressure was a mediating variable.
In particular, there was a fully mediating effect between the SIRI and UCr, with a mediating effect value of -0.61 (-0.90,
-0.36).

Conclusions The association between the SIRI and renal function in hypertensive patients was significant

and was particularly dominated by the association between the SIRI and the ACR. This difference may be due

to the mediating effect of diastolic blood pressure.
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Introduction

Hypertension is a significant determinant of kidney dis-
ease progression and is exacerbated by kidney failure
[1]. In addition, both hypertension and chronic kidney
disease (CKD) are independent risk factors for cardio-
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sodium retention and increasing blood pressure, exac-
erbating hypertensive kidney damage [2, 4]. In addition,
several factors, including oxidative stress and the result-
ing relative renal hypoxia, may further exacerbate the
development of hypertension and CKD [5]. CKD is char-
acterized by reduced renal function, defined as an eGFR
of less than 60 ml/min/1.73 m* and/or a urinary albumin
(UAIb)-to-creatinine ratio (ACR) of more than 30 mg/g
for more than three months [6, 7]. A decreased eGFR
reflects the extent of kidney damage [8], and increased
UAIDb excretion is an independent predictor of the pro-
gression of kidney damage [9]. Proteinuria quantification
can also stratify the risk of kidney damage and can be
utilized as a marker of response to treatment [10]. Sev-
eral studies have shown that the ACR is superior to 24-h
UAIb excretion for predicting CKD [11]. CKD affects
many adults worldwide, and a persistent chronic low-
grade inflammatory state is a significant contributor to its
development and progression [12]. The immune-inflam-
matory mechanism is now recognized as a component
of the multifactorial etiology of hypertension and related
organ damage [13]. Chronic low-grade inflammation
leads to elevated blood pressure in various experimental
models of hypertension, resulting in target organ damage
[14]. The systemic inflammatory response index (SIRI)
has been proposed as a novel inflammatory biomarker
involving single inflammatory markers such as neutro-
phils, monocytes, and lymphocytes that can more accu-
rately predict poor prognosis in patients with GI tumors
[15, 16]. Previous studies have shown that induction of
neutrophil apoptosis by CD39 on regulatory T cells dur-
ing RAAS activation attenuates hypertension, suggesting
that neutrophils may be one of the factors contributing
to elevated blood pressure [17]. Furthermore, monocytes
can release pro-inflammatory cytokines, such as IL-6,
IL-1B, and TNF-a [18]. All of the above inflammatory
response mechanisms can play a role in promoting the
development of hypertension. Chronic low-grade inflam-
mation has been associated with a variety of health out-
comes, and recent investigations have shown that SIRI
is related to the development of all-cause mortality and
cardiovascular mortality in adults [19]. However, there
are no studies on the association between the SIRI and
renal impairment in hypertensive patients, and this study
aimed to investigate the association between the SIRI
and kidney function in adult hypertensive patients in the
U.S. using data from the National Health and Nutrition
Examination Survey (NHANES).

Materials and methods

Research population

We investigated a total of 49,693 participants in five
cycles of the NHANES from 2009 through 2018. Among
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these participants, those who met the following criteria
were excluded from the analysis: individuals with missing
creatinine (Cr) and ACR data; pregnant individuals and
female individuals who could not specify whether they
were pregnant or not pregnant; adolescent individuals
aged less than 20 years old; nonhypertensive individuals;
and individuals with missing data on race, marital status,
education level, BMI, and personal history. The final sam-
ple consisted of 5446 individuals (Fig. 1).

Statement

NHANES is a nationally representative survey of the
general population conducted by the National Center for
Health Statistics (NCHS). Detailed data is obtainable at
the https://www.cdc.gov/nchs/nhanes/. All study proto-
cols of NHANES were approved by the Research Ethics
Review Board of the NCHS. The study was exempt from
ethical review because the NHANES database is open to
the public. All participants provided written informed
consent. The study adheres to the Declaration of Helsinki.

Exposure variables and outcome variables

Routine blood samples from the study participants were
analyzed via automated hematology analysis equipment.
The exposure variable (the SIRI) was calculated as (neu-
trophil count) X (monocyte count)/(lymphocyte count)
[15].

The primary outcome of this study was an
eGFR<60 mL/minute/1.73 m? [The glomerular filtra-
tion rate was estimated using the following formula
[20]: 175%xScr 1% xage™2%x1.212 (if black)x0.742
(if female)]. The secondary outcome was defined as an
ACR>30 mg/g. Serum Cr concentrations were ana-
lyzed by the Jaffe rate method with a Beckman UniCel
DxC800 Synchron (Beckman, Fullerton, CA, USA). UAlb
was measured from a spot sample using a solid-phase
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fluorescent immunoassay. Urinary creatinine (UCr) was
measured using Roche/Hitachi Modular P Chemistry
and Roche/Hitachi Cobas 6000 chemistry Analyzer using
an enzymatic (creatinase) method immunoassay.

Covariates and definitions

Baseline demographic information about the participants
in this study was obtained from demographic data. His-
tory of alcohol consumption, smoking, diabetes, and
hypertension were obtained from the participants’ ques-
tionnaires. Regarding laboratory indices that may be
potential confounders, platelet (PLT), hemoglobin (Hb),
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), high-density lipoprotein cholesterol (HDL-
C), total cholesterol (TC), triglycerides (TG), albumin
(ALB), glucose, and glycosylated hemoglobin (HbAlc)
were collected in this study.

Hypertension was defined as 1. having been explicitly
told that they had hypertension previously, 2. being on
antihypertensive medication, 3. we calculated the mean
of systolic and diastolic blood pressure (DBP) using the
patient’s three resting state measurements for partici-
pants who did not have a history of this condition or
who were taking medication for this condition, and we
chose to use the mean of the participant’s blood pressure
from the first two resting state measurements for partici-
pants who had a third missing measurement, and were
defined as having high blood pressure when the partici-
pants were defined as hypertensive when the mean sys-
tolic blood pressure (SBP) was > 140 mmHg or the mean
DBP was>90 mmHg. Definition of diabetes mellitus: 1.
fasting blood glucose>11.1 mmol/L, 2. HbAlc>6.5%, 3.
previous notification of diabetes mellitus, and 4. ongoing
insulin use. Smoking history was defined as “Never” for
participants who had not smoked more than 100 ciga-
rettes in their lifetime, "Smoking former" for those who
had smoked more than 100 cigarettes in their lifetime but
were no longer current smokers, and “Smoking now” for
those who were current smokers. Drinking history was
defined as “Rarely drinker” for participants who had not
consumed 12 drinks in their lifetime, “Light drinker” for
participants who had consumed more than 12 drinks in
their lifetime but not more than 12 drinks in a year, and
“Excessive drinker” for participants who had consumed
more than 12 drinks in a year.

Grouping

This investigation was divided into two groups based
on the primary outcome event (eGFR<60 mL/min-
ute/1.73 m? and eGFR>60 mL/minute/1.73 m?). It
was divided into two groups based on secondary out-
come (ACR<30 mg/g and ACR>30 mg/g). Partici-
pants were categorized into four grades based on SIRI
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level quartiles: Q1 (#=1361, SIRI<0.73), Q2 (n=1362,
0.73<SIRI<1.11), Q3 (n=1361, 1.11<SIRI<1.66), and
Q4 (n=1362, SIRI > 1.66).

Statistical analysis

In this research, all continuous numerical variables are
expressed as medians (quartiles) after the normality test
and were analyzed using the nonparametric rank-sum
test. Categorical variables were compared using the
Chi-square test. Binary logistic regression analyses were
performed with group Q1 as the reference group. In the
regression model with eGFR <60 mL/minute/1.73 m? as
the endpoint event, the minimum-adjusted model was
adjusted for age, sex, smoking status, drinking status,
history of diabetes, race, education, and marital status.
Fully adjusted models were adjusted for age, sex, smoking
status, drinking status, history of diabetes mellitus, race,
education, marriage, BMI, HDL-C, ALT, AST, TG, TC,
ALB, PLT, Hb, glucose, and HbAlc. In regression mod-
els with ACR>30 mg/g as the outcome, the minimally
adjusted model was adjusted for age, sex, smoking his-
tory, drinking history, history of diabetes mellitus, race,
education level, and marital status, and the fully adjusted
model was adjusted for age, sex, smoking history, drink-
ing history, history of diabetes mellitus, race, education
level, marital status, BMI, ALT, HDL-C, TG, TC, ALB,
PLT, Hb, glucose, and HbAlc. The median of the four
sets of SIRI was taken for a dummy variable setting and
then tested for trend. We utilized the restricted cubic
spline curves (RCS) to fit smoothed curves and perform
threshold effects analysis (the adjustment strategy was
the same as the fully adjusted regression model). This was
followed by interaction tests in subgroup analyses. To
further investigate the relationship between SIRI, blood
pressure, and renal function, we developed a mediated
effect model using SBP and DBP as mediating variables.
In addition, we performed sensitivity analyses for two
populations (1. Excluding those with recent-onset hyper-
tension. 2. Excluding those with current blood pressure
below 140/90 mmHg). This study discarded laboratory
indicators with missing values>20%, and for laboratory
indicators with missing values < 20%, this study used mul-
tiple sampling interpolation to interpolate the variables.
In this study, we used unweighted estimation. Because
this study limited the inclusion members to the hyper-
tensive population, after excluding participants who did
not meet the inclusion criteria, the inclusion members
were unevenly distributed from cycle to cycle, resulting
in large variations in the weights of the combined sam-
ples. Unweighted estimation is recommended when sam-
ple weights vary significantly or when covariates used
to calculate weights (such as age, gender, and race) are
already included in the regression model [21]. Statistical



Wei et al. European Journal of Medical Research (2024) 29:202

analyses were performed using R Studio (version R4.2.3)
and EmpowerStats (version 4.1). All tests were two-
tailed, and P<0.05 was considered to indicate statistical
significance.

Results

Comparison of participants’ baseline information

This study enrolled 5446 participants, including 2721
males (49.96%, mean age 58.22+15.31 years) and 2725
females (50.04%, mean age 60.43+14.39 years). eGFR
levels increased by race, education level, and marital
status, and were lower in older, female, diabetic, and
non-smoking drinkers. ACR levels increased by race,
education level, and marital status. ACR levels increased
significantly with advancing age, and albuminuria was
more common in diabetes, nonsmoking participants,
and participants who consumed alcohol. In addition,
The SIRI was substantially greater in patients with a low
eGFR and albuminuria (Table 1). Compared with those
in the low-level group, patients in the high-SIRI group
were generally older; had a greater proportion of males;
had a greater prevalence of obesity, diabetes, smoking
and drinking; were non-Hispanic white; were more likely
to have elevated platelet counts and hemoglobin, triglyc-
eride and fasting glucose levels; were more likely to have
a greater ACR; and were more likely to have lower high-
density lipoprotein cholesterol, total cholesterol and ALB
levels as well as a lower eGFR (Additional file 1: Table S1).

Correlation between the SIRI and kidney function

Among the two unadjusted univariate regression mod-
els with an eGFR<60 mL/minute/1.73 m? and an
ACR>30 mg/g as the outcome event, the SIRI was
associated with a decrease in the eGFR (<60 mL/min-
ute/1.73 m?) (Q1 vs. Q2: HR, 0.99 [95% CI 0.80, 1.23]; Q3:
HR, 1.18 [95% CI 0.96, 1.45]; Q4: HR, 1.70 [95% CI 1.40,
2.07]; P for trend <0.001), elevated ACR (>30 mg/g) (Q1
vs. Q2: HR, 1.22 [95% CI 1.00, 1.50]; Q3: HR, 1.44 [95%
CI 1.18, 1.76]; Q4: HR, 2.29 [95% CI 1.89, 2.76]; P for
trend < 0.001) were associated. The results of the regres-
sion models adjusted for all confounders were consist-
ent, with a high SIRI associated with a decreased eGFR
(£60 mL/minute/1.73 m2) (Q1 vs. Q4: HR, 1.46 [95% CI
1.15, 1.86]) and an elevated ACR (>30 mg/g) (Q1 vs. Q4:
HR, 2.26 [95% CI 1.82, 2.82]) (Table 2).

The RCS results showed that the SIRI was associated
with an inverted U-shaped nonlinear increase in the risk
of both a decreased eGFR (P=0.014) and an elevated
ACR (P<0.001) (the adjustment strategy was the same
as that for the fully adjusted logistic regression model)
(Fig. 2). We further performed a threshold effect analy-
sis, which revealed that in the standard linear regres-
sion model, SIRI was associated with a decrease in the
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eGFR (P=0.0451) and an increase in the ACR (P<0.001),
respectively; after adjusting for confounders, we built a
two-stage linear regression model, which detected an
inverted “U” shape with inflection points of 1.86 and 3.09
for the eGFR and the ACR, respectively (Table 3).

Subgroup analysis

In subgroup analyses, the SIRI was significantly associ-
ated with a decreased eGFR in patients with advanced
age, female sex, high BMI, diabetes mellitus status, non-
smoking status, and consumption of alcohol, with inter-
actions showing that the results were robust (Additional
file 1: Table S2). In addition, the SIRI was significantly
associated with an elevated ACR in individuals who were
older, male, had a high BMI, were married, had diabetes
mellitus, and consumed alcohol. According to the analy-
ses of the other subgroups excluding alcohol consump-
tion, the interaction results remained robust (Additional
file 1: Table S3).

Mediation effect analysis with blood pressure

as a mediating variable

Correlation analysis revealed that the SIRI, SBP, and DBP
were weakly correlated with UAlb, UCr, the ACR, and
the eGFR (All correlation coefficients r<0.2) (Fig. 3a).
Among those correlations, SBP had weak positive cor-
relations with the ACR (r=0.15, P<0.001), Cr (r=0.04,
P<0.01), and UAIb (r=0.14, P<0.001) and negative cor-
relations with the eGFR (r=— 0.05, P<0.001) and UCr
(r=-0.08, P<0.001); DBP was negatively correlated
with the eGFR (r=0.17, P<0.001) and UCr (r=0.09,
P<0.001) and had weak positive correlations with the
SIRI (r=- 0.09, P<0.001) and Cr (r=- 0.07, P<0.001)
(Fig. 3b).

Based on the results, we conducted a mediation effect
analysis with the SIRI as the independent variable; SBP
and DBP as the mediating variables; and the eGFR, the
ACR, Cr, UCr, and UAIb as the dependent variables in
this study. The results indicated that a direct effect was
observed between the SIRI and the eGFR (f=— 1.83,
P<0.01) and between the SIRI and the ACR (5=31.45,
P<0.01) in the model with SBP as the mediating vari-
able. In the model with DBP as the mediating vari-
able, there was a partial mediating effect between the
SIRI and the eGFR, with a mediating effect value of
— 0.38 (— 0.53, — 0.25), which accounted for 0.21 of the
total impact; however, there was a direct effect model
between the SIRI and the ACR (8=30.66, P<0.01).
We further tested the mediating effects with Cr, UCr,
and UAlb selected as the dependent variables. The
results indicated that DBP partially mediated the effect
between the SIRI and Cr, and its mediating effect was
0.25 (0.11, 0.43), accounting for 0.06 of the total effect
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Table 1 Comparison of participants’baseline information
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Features eGFR>60 mL/ eGFR<60 mL/ Pvalue ACR<30mg/g(N=4328) ACR>30mg/g(N=1118) Pvalue
minute/1.73 m? minute/1.73 m?
(N=4490) (N=956)
Age (years) 59.00 (47.00, 68.00) 72.00 (63.00, 80.00) <0.001  60.00 (48.00, 70.00) 66.00 (55.00, 76.00) <0.001
Gender (%) 0.001 0301
Men 2288 (50.96%) 433 (45.29%) 2147 (49.61%) 574 (51.34%)
Women 2202 (49.04%) 523 (54.71%) 2181 (50.39%) 544 (48.66%)
BMI (kg/m?) 29.60 (25.90, 34.60) 29.30 (25.70, 34.00) 0.200  29.50 (25.90, 34.40) 30.10 (25.80, 35.30) 0.124
Diabetes (%) <0.001 <0.001
No 3359 (74.81%) 566 (59.21%) 3342 (77.22%) 583 (52.15%)
Yes 1131 (25.19%) 390 (40.79%) 986 (22.78%) 535 (47.85%)
Smoking status (%) <0.001 0.093
Never 2312 (51.49%) 467 (48.85%) 2241 (51.78%) 538 (48.12%)
Smoking former 1269 (28.26%) 338 (35.36%) 1257 (29.04%) 350 (31.31%)
Smoking now 909 (20.24%) 151 (15.79%) 830 (19.18%) 230 (20.57%)
Drinking status (%) <0.001 0.046
Rarely drinker 714 (15.90%) 190 (19.87%) 708 (16.36%) 196 (17.53%)
Light drinker 621 (13.83%) 164 (17.15%) 602 (13.91%) 183 (16.37%)
Excessive drinker 3155 (70.27%) 602 (62.97%) 3018 (69.73%) 739 (66.10%)
Race/Ethnicity (%) <0.001 0.013
Mexican American 567 (12.63%) 1 (7.43%) 482 (11.14%) 156 (13.95%)
Other Hispanic 498 (11.09%) 56 (5.86%) 446 (10.30%) 108 (9.66%)
Non-Hispanic White 1708 (38.04%) 405 (42.36%) 1717 (39.67%) 396 (35.42%)
Non-Hispanic Black 1121 (24.97%) 341 (35.67%) 1140 (26.34%) 322 (28.80%)
Other Race 596 (13.27%) 83 (8.68%) 543 (12.55%) 136 (12.16%)
Education (%) <0.001 <0.001
Less than high school 1120 (24.94%) 297 (31.07%) 1044 (24.12%) 373 (33.36%)
High school 1069 (23.81%) 225 (23.54%) 1029 (23.78%) 265 (23.70%)
More than high school 2301 (51.25%) 434 (45.40%) 2255 (52.10%) 480 (42.93%)
Marital status (%) <0.001 <0.001
Never married 563 (12.54%) 87 (9.10%) 540 (12.48%) 110 (9.84%)
Widowed/divorced/sepa- 1284 (28.60%) 412 (43.10%) 1271 (29.37%) 425 (38.01%)
rated
Married/livingwith partner 2643 (58.86%) 457 (47.80%) 2517 (58.16%) 583 (52.15%)
WBC(x 10%/L) 7.00 (5.80, 8.50) 7.00 (5.80, 8.40) 0475 6.90 (5.70, 8.40) 7.30(6.10, 8.80) <0.001
Neutrophil (x 10%/L) 4.00 (3.20, 5.20) 4.10(3.30,5.20) 0.540 4.00(3.10,5.10) 4.40 (340, 5.60) <0.001
Lymphocyte(x 10%/L) 2.00 (1.60, 2.50) 1.90 (1.50, 2.40) <0.001 2.00(1.60, 2.50) 1.90 (1.50, 2.50) <0.001
Monocyte (x 1 0%/L) 0.60 (0.40, 0.70) 0.60 (0.50, 0.70) 0.003 0.55 (0,40, 0.70) 0.60 (0.50, 0.70) <0.001
PLT(x 10%/L) 230.00 (195.00,271.00)  215.00 (179.00, 257.00) <0.001 228.00(193.00, 270.00) 00 (186.00, 268.00) 0.004
Hb(g/dL) 14.00 (13.10, 15.00) 13.10(12.00, 14.10) <0.001 1390( 2.90, 15.00) 13.60 (1240, 14.67) <0.001
ALT (IU/L) 22.00(17.00, 29.00) 18.00 (14.00, 24.00) <0.001 0 (17.00, 29.00) 20.00 (15.00, 27.00) <0.001
AST (IU/L) 24.00 (20.00, 29.00) 23.00 (20.00, 27.00) 0.004  23.00 (20.00, 28.00) 23.00 (19.00, 29.00) 0.338
HDL-C (mmol/L) 1.29 (1.06, 1.58) 1.27(1.03,1.58) 0.247 1.29(1.09,1.58) 1.25(1.01,1.55) <0.001
TG (mmol/L) 1.50 (0.99, 2.30) 1.57 (1.06, 2.29) 0.147 1.49(0.99, 2.26) 1.61(1.06,2.47) <0.001
TC (mmol/L) 496 (4.21,5.71) 4.66 (3.90, 5.44) <0.001 491 (4.19,5.69) 4.81 (4.03, 5.66) 0.014
ALB (g/L) 43.00 (40.00, 45.00) 00 (39.00, 44.00) <0.001  42.00 (40.00, 45.00) 42.00 (39.00, 44.00) <0.001
Glucose (mmol/L) 544 (4.94,6.33) 5.72(5.05,7.05) <0.001 544 (4.94,6.22) 5.94(5.16, 8.26) <0.001
HbA1c (%) 5.70 (540, 6.20) 6.00 (5.60, 670) <0.001 570(540 6.10) 610(560 7.20) <0.001
SIRI 09 (0.73,1.62) 26 (0.81,1.88) <0.001 8(0.72,1.60) 0(0.85, 1.98) <0.001

All continuous numeric variables are expressed using medians (quartiles) and categorical variables are quantified as numbers (percentages)

PLT platelets, ALT alanine transaminase, AST aspartate transaminase, HDL-C high-density lipoprotein-cholesterol, TG triglycerides, TC total cholesterol, ALB Albumin,
HbA1c glycosylated hemoglobin, SIRI Systemic Inflammation Response Index
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Table 2 Regression models with eGFR< 60 mL/minute/1.73 m? and ACR> 30 mg/g as outcome events
Features eGFR (OR (95%Cl) P) ACR (OR (95%Cl) P)

Mode 1 Mode 2 Model 3 Mode 1 Mode 2 Model 3

SIRI [median(quartile)]

Q1[0.543 (<0.73)] Ref. Ref. Ref. Ref. Ref.

Q2[0.919 (0.73-1.11)]  0.99(0.80, 1.23) 1.02 (0.81,1.29) 1.01(0.79,1.27) 1.22(1.00, 1.50) 1.28 (1.04, 1.59)*
Q3[1.344 (1.11-1.66)]  1.18(0.96, 1.45) 1.22(0.97,1.53) 1.23(0.97,1.56) 144 (1.18,1.76)*** 147 (1.19,1.82)***
Q4[2.250 (> 1.66)] 1.70 (1.40,2.07)*** 151 (1.20,1.90)*** 146 (1.15,1.86)**  2.29(1.89,2.76)***  2.23(1.80, 2.75)***
P for trend <0.001 <0.001 <0.001 <0.001 <0.001

Ref.

1.28 (1.03, 1.59)*
148 (1.19, 1.84)***
2.26 (1.82, 2.82)***
<0.001

Multifactor regression model was developed using group Q1 as the reference group. Calculate the median row trend test for each group
OR odds ratio, C/ confidence interval

"P<0.05

" P<0.01

™ P<0.001

a b
P for no-linear < 0.05 P for no-linear < 0.001
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Fig. 2 Restricted cubic spline curve. The adjustment strategy is the same as the fully adjusted regression model. a Fitting a smoothed curve
with SIRI as the independent variable and eGFR as the dependent variable results in an inverted U-shaped curve (inflection point 1.86). b Fitting
a smoothed curve with SIRI as the independent variable and ACR as the dependent variable results in an inverted U-shaped curve (inflection point

3.09)

Table 3 Analysis of threshold effects

eGFR (mL/minute/1.73 m?) ACR (mg/g)
Standard linear regression model 1.08 (1.00, 1.15) 0.044 1.22(1.14, 1.30) < 0.001
Two-stage regression models
Inflection point (K) 1.86 3.09
<K 1.37(1.15,1.64) <0.001 1.52(1.37,1.68) <0.001
>K 0.99 (0.90, 1.08) 0.771 0.96(0.86, 1.07) 0.445
log-likelihood ratio test 0.003 <0.001

The adjustment strategy is the same as the fully adjusted regression model

ratio; in addition, DBP and fully mediated the effect Sensitivity analysis

between the SIRI and UCr, with a mediating effect of  Sensitivity analyses were performed in this investiga-
— 0.61 (— 0.90, — 0.36). The rest of the models showed tion.1. We excluded people with new-onset hypertension.
all direct effects and no mediating effects (Fig. 3c). The results showed that the risk of a decreased eGFR and
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Fig. 3 Analysis of intermediation effects. r: correlation coefficient, *: P<0.05, **: P<0.01, ***: P<0.001. SIRI Systemic Inflammation Response
Index, SBP systolic blood pressure, DBP diastolic blood pressure, UAIb urine albumin, UCr urinary creatinine, Cr creatinine, ACR Urine Albumin
Creatinine Ratio, eGFR estimated glomerular filtration rate. a Correlation analysis between SIRI, SBP, DBP and kidney function indicators; b Scatter
plot of correlation between SBP and DBP as dependent variables and SIRI, eGFR, ACR, Cr, UAlb, UCr; ¢ All mediated effects models had SIRI

as the independent variable and systolic and diastolic blood pressure as the mediating variables. Model c1 had eGFR and ACR as dependent
variables, model c2 had Cr as dependent variable, model c3 had UCr as dependent variable, and model c4 had UAlb as dependent variable

the risk of an increased ACR associated with the SIRI
were greater in the fully adjusted model (eGFR: Qlvs.
Q4 (OR, 1.37 [95% CI 1.06, 1.75])), (ACR: Qlvs. Q4 (OR,
1.37 [95% CI 1.06, 1.75])) (Additional file 1: Table S4). 2.
We performed regression analyses again for those with
mean blood pressure higher than 140/90 mmHg in this
research. The results showed that the SIRI was more
strongly correlated with a decrease in the eGFR accord-
ing to the fully adjusted regression model (Qlvs. Q4 (OR,
1.81 [95% CI 1.25, 2.62]) (Additional file 1: Table S5). 3.
We performed propensity score matching based on con-
founders between the SIRI and the outcomes. As shown
in Additional file 1: Tables S6 and S7, the results remain
solid, and the difference in SIRI between the two groups
is statistically significant (< 0.001).

Discussion

In the present study, we demonstrated that a high
SIRI was strongly associated with kidney insufficiency
in hypertensive patients. The correlation coefficient
remained significant after adjusting for confounding fac-
tors such as baseline population information and labo-
ratory data. We further fitted the smoothed curves and
found that the SIRI had inverted U-shaped relationships

with a decreased eGFR and an increased ACR in hyper-
tensive patients (inflection points of 1.86 and 3.09,
respectively). In the subgroup analyses, we applied an
identical adjustment strategy, and the results were robust.
In addition, to further analyze the association between
the SIRI, blood pressure, and kidney function, we per-
formed a mediation effect analysis. The results revealed
that in the model with DBP as the mediating variable,
DBP had a partial mediating effect on the relationship
between the SIRI and the eGFR. In addition, DBP had a
partial mediating effect on the relationship between the
SIRI and Cr. Moreover, DBP fully mediated the relation-
ship between the SIRI and UCr. This finding implies that
the SIRI may modulate kidney function through DBP
in hypertensive patients. However, we did not observe
the same effect on SBP. This deserves further study. The
pathophysiology of hypertensive kidney injury is complex
and results from a variety of factors. Chronic low-grade
inflammation, reduced number of kidney units, expan-
sion of extracellular fluid volume due to increased water
and sodium retention, overactivity of the sympathetic
and RASS systems, and endothelial dysfunction have
been suggested as potential mechanisms [12, 22, 23].
Meanwhile, kidney injury, loss of functional kidney units,
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and increased RASS activity greatly increase the salt sen-
sitivity of blood pressure, which can contribute to further
elevation of blood pressure, thus creating a vicious cycle.
These changes within the microcirculation eventually
result in chronic ischemia and fibrosis and are character-
ized by increased proteinuria and blood creatinine [24].
Many diseases, such as metabolic syndrome, cardiovas-
cular disease, and diabetes mellitus, are associated with
chronic low-grade inflammation [25]. Distinct inflam-
matory markers each play different roles in the kidney.
TNF-a activates the endothelial inflammatory response,
leading to capillary leakage and allowing entry of immune
cells. Simultaneously, immune cells (monocytes and mac-
rophages) are attracted to MCP-1. During this time, neu-
trophils are chemotactically attracted to IL-8, and IL-23
upregulates the proliferation of Th17 cells, which triggers
a more proinflammatory response [26]. The SIRI inte-
grates neutrophils, monocytes, and lymphocytes, reflect-
ing the interaction between immunity and inflammation
[15, 19]. In a retrospective cohort study from China on
the SIRI and long-term outcomes of patients with type
B aortic dissection, when the researchers adjusted for
confounders, they identified a significant correlation
between the SIRI and poor prognosis [27]. One study
demonstrated that the SIRI can be used as a predictor of
stroke risk in elderly hypertensive patients [28]. In addi-
tion, in a recent retrospective cohort study, researchers
used the MIMIC-III database to analyze the predictive
value of SIRI in the prognosis of patients with stroke,
and the study showed that, after adjusting for several
covariates, SIRI was correlated with all-cause mortality of
patients with stroke, and as the SIRI rises, the mortality
rate also increases [29]. This finding demonstrated that
the SIRI is related not only to the occurrence of stroke
but also to the prognosis of stroke. The above studies
suggest that the SIRI is closely related to cardiovascular
and cerebrovascular diseases. Two recent retrospective
analyses of diabetic patients suggest that the SIRI is an
independent risk factor for deteriorating kidney func-
tion [30, 31]. In earlier studies, increased neutrophil and
monocyte counts as well as decreased lymphocyte counts
were associated with decreased kidney function. This
may clarify the relationship between the SIRI and kid-
ney function [32-34]. In addition, in a prospective clini-
cal study exploring postoperative metastasis of kidney
cell carcinoma, researchers found that the SIRI had high
predictive value for metastasis (AUC of 0.737) [35]. How-
ever, there are no studies on the correlation between the
SIRI and renal insufficiency in hypertensive patients.
Under pathological conditions, increased produc-
tion of reactive oxygen species (ROS) triggers oxidative
stress, which plays a role in vascular changes associated
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with hypertension, including endothelial dysfunction,
vascular reactivity, and arterial remodeling [36]. Fur-
thermore, oxidative stress is associated with inflamma-
tion, as ROS production activates inflammatory cells
and enhances the production of inflammatory media-
tors. Relatively, inflammation increases ROS release,
creating a vicious cycle [37]. ROS has an undertaking
relationship between blood pressure and inflammation.
And there is an intrinsic correlation between blood
pressure and kidney function. Above-target SBP or no
nocturnal drop is associated with a higher risk of car-
diovascular and kidney disease progression in patients
with CKD, regardless of ambulatory blood pressure, a
multicenter cohort study suggests [38]. The high preva-
lence of hypertension at all stages of CKD and the dual
benefit of effective antihypertensive therapy in reduc-
ing renal and cardiovascular risk amply demonstrate
the bidirectional relationship between hypertension
and renal function®.

An intrinsic link exists between inflammation, blood
pressure, and kidney function. We employed mediation
effect analysis to clarify the relationship between the
SIRI, blood pressure, and renal function. In the media-
tion effect analysis, it was observed that DBP mediated
the relationship between the SIRI and kidney func-
tion, playing a fully mediating role in the association
between the SIRI and UCr. These findings indicate that
changes in DBP play a more critical role in the decline
in renal function in hypertensive patients. In the pre-
sent study, we noticed a more significant correlation
between the SIRI and the ACR than between the SIRI
and the eGFR. An elevated ACR is a marker of early
kidney disease [10]. The above analysis revealed that
early in the disease course, special attention should be
given to the SIRI in hypertensive patients.

This research has several limitations. First, we used
only the mean of three blood pressure measurements
for each of the participants as the study variable in the
mediation effect analysis, but to accurately assess the
mediating effect of participants’ blood pressure, ambu-
latory blood pressure values should have been used as
the study variable. Second, the participants included in
the analysis of this study were all hypertensive patients,
and some of them may have taken relevant medications
for antihypertensive purposes, which is a confounding
factor, but we had no way of knowing the application of
appropriate medications by the participants. Third, the
blood cell-based assay was performed only once, and
the concentration of these blood cells may be affected
by other factors and changes. We believe that further
relevant cohort studies are necessary to explore the
associations of the SIRI with blood pressure and kidney
function in hypertensive patients.
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Conclusion

The present investigation confirmed a correlation
between the SIRI and kidney function in hypertensive
patients. This difference may be mediated by increases
in diastolic blood pressure leading to decreased kidney
function. These findings indicate that immune inflam-
mation should be treated in hypertensive patients.

Abbreviations
SIRI Systemic inflammatory response index

NHANES  National Health and Nutrition Examination Survey
NCHS National Center for Health Statistics
eGFR Estimated glomerular filtration rate
ACR Albumin creatinine ratio

UAIb Urinary albumin

UCr Urinary creatinine

CKD Chronic kidney disease

CVvD Cardiovascular disease

Cr Creatinine

PLT Platelet

Hb Hemoglobin

ALT Alanine aminotransferase

AST Aspartate aminotransferase

HDL-C High-density lipoprotein cholesterol
TC Total cholesterol

TG Triglycerides

ALB Albumin

HbAlc Glycosylated hemoglobin

DBP Diastolic blood pressure

SBP Systolic blood pressure

RCS Restricted cubic spline curves

OR Odds ratio

cl Confidence interval

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-024-01804-9.

Additional file 1: Table S1. Baseline information table based on SIRI
quartiles. Table S2. Subgroup analysis of outcome events with eGFR <60
mL/minute/1.73 m% Table S3. Subgroup analysis of outcome events with
ACR>30 mg/g. Table S4. Regression analysis of exclusion of people with
new-onset hypertension. Table S5. Regression analysis with exclusion of
people with blood pressure less than 140/90 mmHg. Table S6. Propensity
score matching for outcome events with eGFR <60 mL/minute/1.73 m?.
Table S7. Propensity score matching for outcome events with ACR>30
mg/g.

Acknowledgements
For their platforms and for uploading their valuable datasets, we acknowledge
the NHANES database.

Author contributions

CML, XW, JW, JF and CL designed the study. XW, BH, ZPZ and JW engaged in
data analysis. XW authored the first draft. XW and NL revised the initial draft.
CML and JF examined and revised the paper. All authors read and approved
the final manuscript.

Funding
There were no external funding sources for this study.

Data availability statement

This study analyzed datasets from the publicly available database NHANES
from 2009 to 2018. These data can be found here: https://www.cdc.gov/nchs/
nhanes/.

Page 9 of 10

Declarations

Ethics approval and consent to participate

All study protocols of NHANES were approved by the Research Ethics Review
Board of the National Center for Health Statistics (NCHS). All participants
provided written informed consent (https://www.cdc.gov/nchs/nhanes/
index.htm).All the methods were performed in accordance with the relevant
guidelines and regulations.

Consent for publication
All authors agree to publish this work.

Competing interests
The authors have no competing interests.

Received: 19 December 2023 Accepted: 20 March 2024
Published online: 27 March 2024

References

1. Burnier M, Damianaki A. Hypertension as cardiovascular risk factor in
chronic kidney disease. Circ Res. 2023;132(8):1050-63.

2. Pugh D, Gallacher PJ, Dhaun N. Management of hypertension in chronic
kidney disease. Drugs. 2019;79(4):365-79.

3. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, Jafar TH, Heerspink HJ,
Mann JF, Matsushita K, Wen CP. Chronic kidney disease and cardiovas-
cular risk: epidemiology, mechanisms, and prevention. Lancet (London,
England). 2013;382(9889):339-52.

4. Maaliki D, Itani MM, Itani HA. Pathophysiology and genetics of salt-
sensitive hypertension. Front Physiol. 2022;13:1001434.

5. Fine LG, Norman JT. Chronic hypoxia as a mechanism of progression of
chronic kidney diseases: from hypothesis to novel therapeutics. Kidney
Int. 2008;74(7):867-72.

6. Stevens PE, Levin A. Evaluation and management of chronic kidney
disease: synopsis of the kidney disease: improving global outcomes 2012
clinical practice guideline. Ann Intern Med. 2013;158(11):825-30.

7. Murton M, Goff-Leggett D, Bobrowska A, Garcia Sanchez JJ, James G,
Wittbrodt E, Nolan S, Sérstadius E, Pecoits-Filho R, Tuttle K. Burden of
chronic kidney disease by kdigo categories of glomerular filtration rate
and albuminuria: a systematic review. Adv Ther. 2021;38(1):180-200.

8.  Kibria GMA, Crispen R. Prevalence and trends of chronic kidney disease
and its risk factors among US adults: an analysis of NHANES 2003-18. Prev
Med Rep. 2020,20: 101193.

9. Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, de
Jong PE, Coresh J, Gansevoort RT. Association of estimated glomerular
filtration rate and albuminuria with all-cause and cardiovascular mortality
in general population cohorts: a collaborative meta-analysis. Lancet.
2010;375(9731):2073-81.

10. Qin Z LiH Wang L, Geng J, Yang Q, Su B, Liao R. Systemic immune-
inflammation index is associated with increased urinary albumin excre-
tion: a population-based study. Front Immunol. 2022;13: 863640.

11. Lambers Heerspink HJ, Gansevoort RT, Brenner BM, Cooper ME, Parving
HH, Shahinfar S, de Zeeuw D. Comparison of different measures of
urinary protein excretion for prediction of renal events. J Am Soc Nephrol.
2010;21(8):1355-60.

12. Kadatane SP, Satariano M, Massey M, Mongan K, Raina R. The role of
inflammation in CKD. Cells. 2023;12(12):1581.

13. Deussen A, Kopaliani I. Targeting inflammation in hypertension. Curr Opin
Nephrol Hypertens. 2023;32(2):111-7.

14. Lu X, Crowley SD. Inflammation in salt-sensitive hypertension and renal
damage. Curr Hypertens Rep. 2018;20(12):103.

15. Geng, Zhu D, Wu C, Wu J, Wang Q, Li R, Jiang J, Wu C. A novel systemic
inflammation response index (SIRI) for predicting postoperative survival
of patients with esophageal squamous cell carcinoma. Int Immunophar-
macol. 2018;65:503-10.

16. Xie QK, Chen P, Hu WM, Sun P, He WZ, Jiang C, Kong PF, Liu SS, Chen HT,
Yang YZ, Wang D, Yang L, Xia LP. The systemic immune-inflammation
index is an independent predictor of survival for metastatic colorectal


https://doi.org/10.1186/s40001-024-01804-9
https://doi.org/10.1186/s40001-024-01804-9
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/
https://www.cdc.gov/nchs/nhanes/index.htm).All
https://www.cdc.gov/nchs/nhanes/index.htm).All

Wei et al. European Journal of Medical Research

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33

34
35.

36.

(2024) 29:202

cancer and its association with the lymphocytic response to the tumor. J
Transl Med. 2018;16(1):273.

Fabbiano S, Menacho-Mérquez M, Robles-Valero J, Pericacho M,
Matesanz-Marin A, Garcia-Macias C, Sevilla MA, Montero MJ, Alarcén B,
Lépez-Novoa JM, Martin P, Bustelo XR. Immunosuppression-independent
role of regulatory T cells against hypertension-driven renal dysfunctions.
Mol Cell Biol. 2015;35(20):3528-46.

Loperena R, Van Beusecum JP, Itani HA, Engel N, Laroumanie F, Xiao L,
Elijovich F, Laffer CL, Gnecco JS, Noonan J, Maffia P, Jasiewicz-Honkisz

B, Czesnikiewicz-Guzik M, Mikolajczyk T, Sliwa T, Dikalov S, Weyand

CM, Guzik TJ, Harrison DG. Hypertension and increased endothelial
mechanical stretch promote monocyte differentiation and activation:
roles of STAT3, interleukin 6 and hydrogen peroxide. Cardiovasc Res.
2018;114(11):1547-63.

Xia'Y, Xia C, Wu L, Li Z, Li H, Zhang J. Systemic immune inflammation
index (SI), system inflammation response index (siri) and risk of all-cause
mortality and cardiovascular mortality: a 20-year follow-up cohort study
of 42,875 US adults. J Clin Med. 2023;12(3):1128.

Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S, Kusek
JW, Van Lente F. Using standardized serum creatinine values in the modi-
fication of diet in renal disease study equation for estimating glomerular
filtration rate. Ann Intern Med. 2006;145(4):247-54.

Kim S, Kim S, Won S, Choi K. Considering common sources of exposure
in association studies—urinary benzophenone-3 and DEHP metabolites
are associated with altered thyroid hormone balance in the NHANES
2007-2008. Environ Int. 2017;107:25-32.

Hall JE, de Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity, kidney dys-
function and hypertension: mechanistic links. Nature reviews. Nephrol-
ogy. 2019;15(6):367-85.

Scurt FG, Ganz MJ, Herzog C, Bose K, Mertens PR, Chatzikyrkou C. Associa-
tion of metabolic syndrome and chronic kidney disease. Obesity Rev.
2023;25:213649.

Cortinovis M, Perico N, Ruggenenti P, Remuzzi A, Remuzzi G. Glomerular
hyperfiltration. Nat Rev Nephrol. 2022;18(7):435-51.

Akchurin OM, Kaskel F. Update on inflammation in chronic kidney dis-
ease. Blood Purif. 2015;39(1-3):84-92.

Sheu JN, Chen MC, Cheng SL, Lee IC, Chen SM, Tsay GJ. Urine interleukin-
Tbeta in children with acute pyelonephritis and renal scarring. Nephrol-
ogy. 2007;12(5):487-93.

ZhaoY,Hong X, Xie X, Guo D, Chen B, Fu W, Wang L. Preoperative sys-
temic inflammatory response index predicts long-term outcomes in type
B aortic dissection after endovascular repair. Front Immunol. 2022;13:
992463.

Cai X, Song S, Hu J, Wang L, Shen D, Zhu Q, Yang W, Luo Q, Hong J, Li

N. Systemic inflammation response index as a predictor of stroke risk

in elderly patients with hypertension: a cohort study. J Inflamm Res.
2023;16:4821-32.

Zhang Y, Xing Z, Zhou K, Jiang S. The predictive role of systemic inflam-
mation response index (SIRI) in the prognosis of stroke patients. Clin
Interv Aging. 2021;16:1997-2007.

LiuW, Zheng S, Du X. Association of systemic immune-inflammation
index and systemic inflammation response index with diabetic kidney
disease in patients with type 2 diabetes mellitus. Diabetes Metabol Syndr
Obes Targets Ther. 2024;17:517-31.

Li X, Wang L, Liu M, Zhou H, Xu H. Association between neutrophil-to-
lymphocyte ratio and diabetic kidney disease in type 2 diabetes mellitus
patients: a cross-sectional study. Front Endocrinol. 2023;14:1285509.
Bronze-da-Rocha E, Santos-Silva A. Neutrophil elastase inhibitors and
chronic kidney disease. Int J Biol Sci. 2018;14(10):1343-60.

Heine GH, Ortiz A, Massy ZA, Lindholm B, Wiecek A, Martinez-Castelao

A, Covic A, Goldsmith D, Stileymanlar G, London GM, Parati G, Sicari R,
Zoccali C, Fliser D. Monocyte subpopulations and cardiovascular risk in
chronic kidney disease. Nat Rev Nephrol. 2012;8(6):362-9.

Sharma R, Kinsey GR. Regulatory T cells in acute and chronic kidney
diseases. Am J Physiol Renal Physiol. 2018;314(5):F679-f698.

Arl E, Kdseoglu H, ErogluT. Predictive value of SIRI and SIl for metastases
in RCC: a prospective clinical study. BMC Urol. 2024;24(1):14.

Camargo LL, Wang Y, Rios FJ, McBride M, Montezano AC, Touyz RM. Oxida-
tive stress and endoplasmic reticular stress interplay in the vasculopathy
of hypertension. Can J Cardiol. 2023. https://doi.org/10.1016/j.cjca.2023.
10.012.

37.

38.

Page 10 of 10

Saucedo R, Ortega-Camarillo C, Ferreira-Hermosillo A, Diaz-Veldzquez

MF, Meixueiro-Calderén C, Valencia-Ortega J. Role of oxidative stress

and inflammation in gestational diabetes mellitus. Antioxidants.
2023;12(10):1812.

Borrelli S, Garofalo C, Gabbai FB, Chiodini P, Signoriello S, Paoletti E, Ravera
M, Bussalino E, Bellizzi V, Liberti ME, De Nicola L, Minutolo R. Dipping
status, ambulatory blood pressure control, cardiovascular disease, and
kidney disease progression: a multicenter cohort study of CKD. Am J
Kidney Dis. 2023;81(1):15-24.e1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1016/j.cjca.2023.10.012
https://doi.org/10.1016/j.cjca.2023.10.012

	Threshold-modifying effect of the systemic inflammatory response index on kidney function decline in hypertensive patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Research population
	Statement
	Exposure variables and outcome variables
	Covariates and definitions
	Grouping
	Statistical analysis

	Results
	Comparison of participants’ baseline information
	Correlation between the SIRI and kidney function
	Subgroup analysis
	Mediation effect analysis with blood pressure as a mediating variable
	Sensitivity analysis

	Discussion
	Conclusion
	Acknowledgements
	References


