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Abstract
Background Obesity is characterized by a chronic low-grade inflammatory condition. Two emerging inflammatory 
biomarkers, the systemic immune-inflammation index (SII) and the systemic inflammation response index (SIRI), have 
gained attention. However, the relationships between obesity and SII/SRI remain unclear.

Methods In this study, we analyzed data from the National Health and Nutrition Examination Survey (NHANES) from 
2011 to 2018 among adults. SII-SIRI/SII/SIRI were categorized into three groups based on tertiles. The association 
between obesity and SII-SIRI/SII/SIRI was assessed by multivariable logistic regression models. Restricted cubic 
spline (RCS) plots were used to examine the nonlinear association between obesity and SII/SIRI. Finally, potential 
independent associations between obesity and SII/SIRI were further explored using subgroup analyses.

Results The study included 20,011 adults, of whom 7,890 (39.32%) were obesity. In model 1, participants in the 
high (Q3) level of SII-SIRI had a significantly association with obesity than those in the low (Q1) level group. The high 
level of SII and SIRI were positively associated with obesity as compared to low levels. Model 2 revealed a positive 
association between obesity and high levels of SII-SIRI/SII/SIRI. Model 3 demonstrated a similar trend. RCS curves 
revealed a nonlinear association linking obesity to SII/SIRI. Subgroup analysis showed an interaction between SII/SIRI 
and age.

Conclusions Our research suggested that obesity was positively associated with SII-SIRI/SII/SIRI in U.S. adults. SII/SIRI 
may represent a cost-effective and direct approach to assessing obesity.
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Introduction
Obesity is a chronic, recurrent and progressive dis-
ease that has become a growing public health problem 
worldwide. In the period 1990–2022, there was a notable 
increase in global obesity rates, with 2.5  billion adults 
aged 18 and above being overweight in 2022, of which 
890  million were classified as obesity [1]. By 2030, it is 
estimated that over half of the global population will be 
overweight or obesity [2]. The clinical complications of 
obesity can impact multiple organ systems, including the 
cardiovascular, endocrine, respiratory, digestive, muscu-
loskeletal, neurological and reproductive systems, also 
increase the cancer and metabolic syndrome risk [3, 4]. 
Moreover, obesity significantly impacts expenditures, 
with over 4 million deaths attributed to a high body mass 
index (BMI) in 2015, and global healthcare costs for obe-
sity and its complications expected to reach 8.4% [5, 6].

In 1993, research revealed an increased levels of TNF-a 
have been found in the white adipose tissue (WAT) of 
obese mice [7]. In 2003, Weisberg SP confirmed that 
TNF-a in adipose tissue was secreted by macrophages 
[8]. As the predominant group of white blood cells in 
WAT, macrophages normally distribute at low densities 
within the stromal blood vessels of the tissue and play an 
anti-inflammatory role [9, 10]. Increased lipid storage in 
adipocytes leads to adipocyte hypertrophy, hypoxia and 
eventual cell death. This dysfunction within the adipose 
tissue promotes the release of proinflammatory cytokines 
such as TNF-a, MCP-1, IL-6, and IL-8 [11]. However, the 
continuous release of proinflammatory factors will lead 
to an influx of more macrophages into the adipose tissue. 
This prompts the conversion of macrophages from anti-
inflammatory M2 cells to pro-inflammatory M1 cells, 
thus perpetuating a long-term chronic inflammatory 
state [12, 13]. As lipid accumulation increases systemi-
cally, the rise in free fatty acids in the bloodstream also 
regulates the number of macrophages and contributes 
to the inflammatory state [12]. In obesity and metabolic 
syndrome, there is often an excessive release of proin-
flammatory cytokines into the circulation, indicating that 
inflammatory processes serve as clinical biomarkers for 
the risk of metabolic disease [14].

Many studies have shown that obesity is characterized 
by a persistent, subclinical inflammatory condition, and 
the assessment of circulating pro-inflammatory indica-
tors is pivotal for diagnosing and predicting the outcomes 
of various chronic diseases [15, 16]. Recently proposed 
markers, namely SII and SIRI, rely on the counts of 
three types of blood cells for assessment. These indica-
tors offer a more comprehensive understanding of the 
body’s inflammatory response compared to the reliance 
on one or two blood cell subtypes alone. Moreover, there 
are significant relationships between SII/SIRI and meta-
bolic diseases, such as hepatic steatosis [17], diabetes 

[18], hyperlipidemia [19], and metabolic syndrome [20]. 
Additionally, a study has shown the diagnostic potential 
of SII in distinguishing metabolic syndrome in pediatric 
obesity, correlating with biomarkers of cardiovascular 
risk [21].

NHANES is a cross-sectional, population-based study 
that designed to assess Americans’ health and nutritional 
status. For a representative sample of the entire US popu-
lation, NHANES employs a multistage, stratified random 
sampling method [22]. To date, few studies have analyzed 
the association between obesity and SII/SIRI in adults. 
Therefore, this study utilized the large sample data from 
NHANES to explore potential links between adult obe-
sity and SII/SIRI, aiming to provide insights for the pre-
vention and treatment of obesity.

Materials and methods
Study population
Data from the NHANES, a comprehensive database con-
taining demographic, dietary, examination, laboratory 
and questionnaire data. Informed consent was provided 
by all participants. Detailed statistical information can be 
accessed at https://www.cdc.gov/nchs/nhanes/.

We recruited 39,156 participants from NHANES 
(2011–2018). The exclusion criteria comprised: (1) miss-
ing data on obesity diagnosis, (2) age less than 20 years 
old, and (3) absence of platelet, neutrophil, monocyte 
and lymphocyte data. Ultimately, a total of 20,011 partici-
pants were analyzed (Fig. 1).

Exposure and outcome variable
In this study, exposure variables were SII and SIRI. The 
blood samples were analyzed by Beckman Coulter HMX 
hematology analyzers. As follows are the SII and SIRI 
calculations [23, 24]: SII = (platelet count × neutrophil 
count) / lymphocyte count, SIRI = (neutrophil count × 
monocyte count) / lymphocyte count. Based on examina-
tion data, obesity was defined as a BMI ≥ 30.

Covariables
This research assessed potential confounders that may 
influence obesity. A range of covariables were examined, 
including age, gender, race, marital status, education level, 
family poverty income ratio (PIR), waist circumference 
(WC), smoking, alcohol intake, type 2 diabetes (T2D), 
hypertension, and hyperlipidemia. T2D is diagnosed with 
glycosylated hemoglobin (HbA1c) ≥ 6.5%, fasting blood 
glucose (FBG) greater than 7.0 mmol/L (126 mg/dL) [25], 
self-report diabetes, or the use of hypoglycemic medica-
tions. Diagnosis of hypertension: in a resting state, mean 
systolic pressure ≥ 140  mmHg or mean diastolic pres-
sure ≥ 90  mmHg on three consecutive measurements, 
self-report hypertension, or the use of antihypertensive 
medications. Hyperlipidemia is diagnosed if the total 

https://www.cdc.gov/nchs/nhanes/
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cholesterol (TC) ≥ 200 mg/dL, triglyceride (TG) ≥ 150 mg/
dL, low density lipoprotein (LDL) ≥ 130 mg/dL, high den-
sity lipoprotein (HDL) ≤ 40 mg/dL for male and ≤ 50 mg/
dL for female [26], self-report hyperlipidemia, or the use 
of cholesterol-lowering medications.

Statistical analysis
Given the complex, multistage sampling design of the 
NHANES database, this study employed sample-spe-
cific weights to ensure representative analysis. Sam-
pling weight is calculated as follows [27]: 8-year MEC 
weight = 2-year MEC weight/4. Categorical covariables 
were depicted through weighted percentages, while 
non-normally distributed continuous covariables were 
depicted by the mean ± standard error. Statistical differ-
ences of the baseline characteristics in different groups 
were analyzed using weighted chi-square tests, ANOVA, 
or nonparametric tests. In order to explore the asso-
ciation between obesity and different levels of SII/SIRI, 
we stratified SII-SIRI/SII/SIRI into three groups based 
on tertiles (low group: Q1; medium group: Q2; high 
group: Q3). Then we used multivariable logistic regres-
sion model to evaluate the association of obesity with 
SII-SIRI/SII/SIRI. Additionally, we used a 3-knot (25th, 
50th, and 75th quantile) restricted cubic spline (RCS) 
to examine the exposure-response relationship between 
obesity and SII/SIRI. Finally, we performed subgroup 
analyses based on age, gender, T2D, hypertension and 

hyperlipidemia. The interaction analyse was conducted 
for each subgroup with SII/SIRI. R Studio (version 4.3.1) 
and SPSS 27.0 were used for all analyses.

Results
Participant baseline characteristics
Among the 20,011 participants included in our research, 
7,890 individuals (39.32%) were classified as obesity. 
There was a meaningful difference between obesity and 
non-obesity group regarding gender, age, race, mari-
tal status, education level, family PIR, smoking, alcohol 
intake, hypertension, T2D, hyperlipidemia, WC, SII, 
SIRI, platelets, neutrophils, monocytes, and lymphocytes 
(P < 0.001) (Table 1).

Participants were categorized into three subgroups 
according to the levels of SII-SIRI/SII/SIRI. These 
subgroups exhibited differences in gender, age, race, 
marital status, education level, family PIR, smoking, 
alcohol intake, hypertension, T2D, and hyperlipidemia 
(P < 0.001). The counts of BMI, WC, SII, SIRI, platelets, 
monocytes, neutrophils and lymphocytes showed signifi-
cant differences among the three subgroups (P < 0.001). 
Additionally, in the three subgroups, an increasing trend 
was observed in the counts of BMI, WC, SII, SIRI, plate-
lets, monocytes, and neutrophils, while the lymphocytes 
showed a decline trend (Table 2).

Fig. 1 Flowchart of participant selection. NHANES: National Health and Nutrition Examination Survey; BMI: body mass index; SII, systemic immune inflam-
mation index; SIRI, systemic inflammation response index
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The relationship between obesity and SII-SIRI/SII/SIRI
In this study, multivariable logistic regression was 
employed to analyze the relationship between obesity 
and SII-SIRI/SII/SIRI (Table  3). In model 1, high level 
of SII-SIRI was associated with the obesity [1.58 (1.42, 
1.75)]. After multivariate adjustment, the statistical sig-
nificance of the results persisted in the model 2 and 3 
(P < 0.001). Compared with low levels of SII/SIRI, moder-
ate and high levels of SII/SIRI showed a positive associa-
tion with obesity (P < 0.001).

In the pattern of SII-SIRI, we conducted a detailed 
analysis of the relationship between obesity and SII/
SIRI (Table 4). Specifically, when the SII ranged between 
358.00 × 103 cells/µL to 555.79 × 103 cells/µL and SIRI 
exceeded 1.32 × 103 cells/µL, there was a significant asso-
ciation with obesity [1.87 (1.43, 2.44)] (P < 0.001).

Dose-response association between obesity and SII/SIRI
In the fully adjusted model (model 3), obesity and SII/
SIRI exhibit a nonlinear relationship (Fig.  2). When SII 
levels increased from 456.66 × 103 cells/µL to 753.02 × 103 

Table 1 Baseline characteristics of participants in the NHANES from 2011–2018 (n = 20011)
Characteristics Participants P - value

Total Non obesity Obesity
N 20,011 12,121 (60.68%) 7890 (39.32%)
Gender < 0.001
 Male 9642 (47.91%) 6216 (29.74%) 3426 (18.17%)
 Female 10,369 (52.09%) 5905 (30.94%) 4464 (21.15%)
Age < 0.001
 20–60 13,636 (73.86%) 8209 (44.78%) 5427 (29.08%)
 > 60 6375 (26.14%) 3912 (15.90%) 2463 (10.24%)
Race/ethnicity < 0.001
 Mexican American 2727 (8.58%) 1403 (4.39%) 1324 (4.19%)
 Non-Hispanic White 7476 (65.35%) 4577 (40.30%) 2899 (25.05%)
 Non-Hispanic Black 4416 (10.83%) 2256 (5.48%) 2160 (5.35%)
 Other 5392 (15.24%) 3885 (10.51%) 1507 (4.73%)
Education level < 0.001
 Below high school 4409 (14.24%) 2627 (8.50%) 1782 (5.73%)
 High School or above 15,602 (85.76%) 9494 (52.18%) 6108 (33.58%)
Marital status < 0.001
 Married/living with partner 11,992 (64.06%) 7375 (39.15%) 4617 (24.91%)
 Widowed/divorced/separated/never married 8019 (35.94%) 4746 (21.53%) 3273 (14.41%)
Family PIR < 0.001
 PIR ≤ 2 8830 (32.58%) 5145 (18.86%) 3685 (13.72%)
 PIR > 2 9266 (59.70%) 5800 (37.01%) 3466 (22.69%)
Smoking < 0.001
 ≤ 20 cigarettes/day 3561 (17.07%) 2294 (10.99%) 1267 (6.08%)
 > 20 cigarettes/day 233 (1.39%) 148 (0.85%) 85 (0.54%)
Alcohol intake < 0.001
 ≤ 5 glasses/day 11,205 (63.32%) 6905 (39.24%) 4300 (24.08%)
 > 5 glasses/day 1175 (6.00%) 662 (3.27%) 513 (2.74%)
T2D 2934 (10.82%) 1234 (3.99%) 1700 (6.83%) < 0.001
Hypertension 3885 (16.71%) 2150 (8.87%) 1735 (7.84%) < 0.001
Hyperlipidemia 12,302 (62.38%) 6762 (33.91%) 5540 (28.47%) < 0.001
BMI 29.37 ± 0.00 25.00 ± 0.00 36.12 ± 0.00 < 0.001
WC 100.18 ± 0.00 90.49 ± 0.00 115.30 ± 0.00 < 0.000
SII (103 cells/µL) 528.32 ± 0.02 512.32 ± 0.03 553.01 ± 0.03 < 0.001
SIRI (103 cells/µL) 1.30 ± 0.00 1.25 ± 0.00 1.37 ± 0.00 < 0.001
Peripheral platelet (103 cells/µL) 238.57 ± 0.00 233.43 ± 0.01 246.50 ± 0.01 < 0.001
Neutrophil (103 cells/µL) 4.34 ± 0.00 4.12 ± 0.00 4.67 ± 0.00 < 0.001
Monocyte (103 cells/µL) 0.57 ± 0.00 0.55 ± 0.00 0.60 ± 0.00 < 0.001
Lymphocyte (103 cells/µL) 2.15 ± 0.00 2.08 ± 0.00 2.27 ± 0.00 < 0.001
PIR, poverty income ratio; BMI, body mass index; WC, waist circumference; T2D, type 2 diabetes; SII, systemic immune inflammation index; SIRI, systemic inflammation 
response index
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cells/µL, the OR increased from 1.01 [1.01, 1.02] to 1.16 
[1.11, 1.20], suggesting that obesity is positively asso-
ciated with SII in this rage. Similarly, when SIRI levels 
increased from 1.04 × 103 cells/µL to 1.91 × 103 cells/µL, 

the OR surged from 1.01 [1.01, 1.01] to 1.25 [1.20, 1.31], 
indicating that obesity positively associated with SIRI in 
this range.

Subgroup analysis
In order to further explore the link between obesity and 
SII/SIRI, this study stratified participants into subgroups 
based on age, gender, T2D, hypertension, and hyperlip-
idemia (Fig. 3). Based on the SII subgroup analysis, there 
was a statistically significant connection with age, espe-
cially aged below  60 years. Based on the SIRI subgroup 
analysis, there were interactions between SIRI and age, 
hypertension.

Discussion
Our research investigated the potential relationship of 
SII-SIRI/SII/SIRI with obesity. The key findings were as 
follows: (1) There was a significant difference in SII/SIRI 

Table 3 Odds ratios (95%CI) of obesity and SII-SIRI/SII/SIRI
Categories Model 1 OR (95% CI) Model 2 OR(95% CI) Model 3 OR(95% CI)
SII-SIRI pattern
Q1 Ref. Ref. Ref.
Q2 1.22 (1.10, 1.36) 1.22 (1.04, 1.41) 1.13 (0.97, 1.33)
Q3 1.58 (1.42, 1.75) 1.57 (1.34, 1.84) 1.47 (1.25, 1.73)
p-value for trend < 0.001 < 0.001 < 0.001
SII levels
Q1 (< 358.00) Ref. Ref. Ref.
Q2 (358.00-555.79) 1.23 (1.10, 1.36) 1.29 (1.10, 1.50) 1.20 (1.02, 1.41)
Q3 (> 555.79) 1.58 (1.43, 1.75) 1.68 (1.43, 1.97) 1.57 (1.33, 1.86)
p-value for trend < 0.001 < 0.001 < 0.001
SIRI levels
Q1 (< 0.80) Ref. Ref. Ref.
Q2 (0.80-1.32) 1.42 (1.29, 1.57) 1.49 (1.29, 1.72) 1.45 (1.24, 1.70)
Q3 (> 1.32) 1.74 (1.59, 1.90) 1.87 (1.62, 2.16) 1.79 (1.53, 2.09)
p-value for trend < 0.001 < 0.001 < 0.001
Model 1 adjusted no covariables. Model 2 adjusted adjusted age, gender, race, marital status, education level, PIR, and alcohol intake. Model 3 adjusted age, gender, 
race, marital status, education level, PIR, alcohol intake, hypertension, T2D, and hyperlipidemia

Table 4 Odds ratios (95%CI) of obesity according to subgroups 
of SIRI levels stratified by SII levels

SII levels
Q1 (< 358.00) Q2 

(358.00-555.79)
Q3 
(> 555.79)

SIRI levels
Q1 (< 0.80) Ref. Ref. Ref.
Q2 (0.80-1.32) 1.42 (1.14, 1.77) 1.36 (1.06, 1.76) 0.92 (0.59, 

1.45)
Q3 (> 1.32) 2.20 (1.32, 3.67) 1.87 (1.43, 2.44) 0.95 (0.62, 

1.47)
p-value for trend 0.003 < 0.001 0.826
ORs were adjusted for age, gender, race, marital status, education level, PIR, 
alcohol intake, hypertension, T2D, and hyperlipidemia

Fig. 2 Dose-response curves of SII and SIRI levels and obesity. (A) SII-obesity. (B) SIRI-obesity. Adjusting for age, gender, race, marital status, educational 
level, PIR, alcohol intake, hypertension, T2D, and hyperlipidemia. SII, systemic immune inflammation index; SIRI, systemic inflammation response index
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levels between the obesity and non-obesity groups. (2) 
A high level of SII-SIRI/SII/SIRI was more significantly 
associated with obesity. (3) Obesity and SII/SIRI exhib-
ited a nonlinear dose-response relationship. Therefore, 

the SII/SIRI can be the importent indicators for early 
assessment of obesity individuals and provide a reference 
for the management of obesity from the perspective of 
inflammation.

Fig. 3 Subgroup analysis for the relationship of obesity with SII (A) and SIRI (B). SII, systemic immune inflammation index; SIRI, systemic inflammation 
response index; T2D, type 2 diabetes
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Studies have shown that the chronic inflammatory state 
is closely related to the development of chronic diseases. 
Our study also showed that platelets, neutrophils, mono-
cytes, SII and SIRI levels were significantly higher in the 
obesity group than in the non-obesity group. In the pro-
cess of weight gain, the proliferation and hypertrophy 
of adipocytes trigger the activation and recruitment of 
innate immune cells, fostering a proinflammatory adi-
pose tissue microenvironment [28]. Within this milieu, 
heightened inflammatory and metabolic demands induce 
alterations in proinflammatory cytokines, adipokines, 
free fatty acids and other markers, consequently disrupt-
ing organ or tissue homeostasis [29]. The increase in 
peripheral leukocytes serves as a marker of inflamma-
tion, and changes in platelets, neutrophils, monocytes 
and lymphocytes have been associated with obesity. For 
instance, studies have demonstrated that neutrophils 
and platelets counts tend to rise with increasing BMI, 
whereas lymphocytes counts exhibit a negative correla-
tion with BMI [30], consistent with our findings. Mono-
cytes serve as a vital source of neutrophil chemokines 
during the progression of obesity [31]. SII/SIRI is a com-
prehensive prognostic parameter that combines periph-
eral platelets, neutrophils, monocytes and lymphocytes, 
providing a more comprehensive measure of the body’s 
inflammatory process and immune function compared 
to a single inflammatory index. Research indicates that 
elevated SII levels are linked to metabolic syndrome [20], 
hyperlipidemia [32], diabetic nephropathy [33], and non-
alcoholic fatty liver disease (NAFLD) [34]. Therefore, 
we hypothesized that SII/SIRI could not only assess the 
inflammatory status of obesity individuals, but also play 
an important role in the health management of obesity 
and related complications.

The results of multivariable logistic regression analy-
sis demonstrated that obesity is potentially associated 
with SII/SIRI, suggesting that inflammation may play an 
important role in the development of obesity, and con-
versely, the state of obesity may also lead to a persistent 
inflammatory state. Furthermore, the introduction of the 
SII-SIRI provided us with a new perspective to assess the 
relationship between obesity and inflammation. Com-
pared to the single indicator (SII or SIRI), the SII-SIRI 
offered more comprehensive information to understand 
the complex relationship between obesity and inflamma-
tion. So, the SII-SIRI could be a potential biomarker for 
the health management of obesity.

There was a nonlinear, dose-dependent relationship 
between obesity and SII/SIRI, reflecting the complex 
relationship between obesity and inflammation. Our 
research showed that obesity was closely associated with 
SII/SIRI within a specific range. We hypothesized that the 
development of obesity is associated with the inflamma-
tory state of adipose tissue and the activation of immune 

cells. Studies have shown that adipocytes increase with 
weight gain, and enlarged adipocytes or adipose tissue 
release pro-inflammatory cytokines, such as IL-1β, IL-6, 
TNF-α, and MCP-1 [35]. The homeostatic functions of 
immune cells in adipose tissue are also affected by obe-
sity, thus inducing complications of obesity, such as dia-
betes and dyslipidemia [36]. Therefore, it is necessary to 
consider different ranges of BMI and levels of inflamma-
tion when assessing the relationship between obesity and 
inflammation biomarkers.

In subgroup analyses, we identified an interaction 
between age and SII/SIRI, especially among individuals 
aged 20 to 60 years. Adiposity, defined as the proportion 
of body weight accounted by fat, increases with age, while 
the relative decrease in muscle and bone mass reflects 
a lower basal metabolic rate [37]. Studies have shown 
that metabolic rate peaks in infancy, gradually declines 
to adulthood levels by the age of 20, remains relatively 
stable from 20 to 60 years, and begins to decline in the 
elderly [38]. Research has indicated that more than half 
of the females experience a rapid increase in BMI from 
early adulthood (18  to  23 years) to mid-adulthood 
(37 to 42 years) [39]. Furthermore, obesity rates in older 
adults have shown a steady increase due to population 
aging [40]. Consequently, the relationship of SII/SIRI 
with obesity may be influenced by age, and the potential 
mechanisms of age differences on obesity need to be fur-
ther explored.

This study demonstrated that SII/SIRI are potential 
markers of obesity, reflecting the association between 
obesity and body’s immune status. The SII/SIRI could be 
a new measurement tool for assessing inflammatory sta-
tus in obese individuals. It indicated the potential bene-
fits of dynamically monitoring SII/SIRI for understanding 
obesity’s progression and developing health management 
strategies. Furthermore, further in-depth study of the 
relationship between SII/SIRI and obesity-related dis-
eases, such as hyperlipidemia and diabetes mellitus, can 
help to reveal the pathophysiological mechanism of obe-
sity and advance the progress towards personalized treat-
ment approaches.

Several strengths are apparent in our research. First, the 
extensive sample supported the credibility and inclusivity 
of its conclusions. Next, our research employed the SII-
SIRI pattern and SII/SIRI to comprehensive evaluate their 
respective impacts on the development of obesity. Fur-
thermore, we explored the association of threshold range 
changes in SII/SIRI and obesity, potentially providing 
value for early health management of obesity. Our study 
also has drawbacks. Firstly, this cross-sectional study was 
unable to establish a causal link between obesity and SII/
SIRI. Secondly, considering the authority of evaluation 
indicators, we used the widely used BMI to evaluate indi-
cators [41], which may have certain limitations. Thirdly, 
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the stability of the models is affected when we added the 
covariable of WC. Despite the close relationship between 
WC and obesity, considering the stability and accuracy of 
the results, we did not include WC in the analysis. Lastly, 
our study focused solely on the U.S. population, thus the 
results may not be generalizable to other populations.

Conclusion
Our study demonstrated a significant nonlinear associa-
tion between obesity and SII/SIRI. Further observation 
found that higher levels of SII/SIRI exhibited a stronger 
relationship with obesity. As non-invasive biomarkers, 
SII/SIRI are easily obtainable and are expected to become 
potential indicators for obesity management. However, 
considering the limitations of this study, well-designed 
and large-scale prospective studies are needed to verify 
these findings.
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