Liu et al. Journal of Cardiothoracic Surgery (2025) 20:15 Journa| of Ca rdiothoracic
https://doi.org/10.1186/513019-024-03314-5 Su rgery

RESEARCH Open Access

®

Check for
updates

Relationship between systemic immune-
inflammation index and depression among
individuals with and without cardiovascular
disease

Dan Liu'", Chaojie He?" and Xinguo Luo®

Abstract

Objective Depression is a common comorbidity in cardiovascular disease (CVD), and both conditions are associated
with chronic inflammation. The systemic immune-inflammation index (Sll) has emerged as a promising marker

of systemic inflammation, but its role in association with depressive symptoms, particularly in the context of CVD,
remains unclear. This study aims to investigate the association of Sl with depressive symptoms in individuals with and
without CVD using cross-sectional data from NHANES (2005-2016).

Methods A total of 29,479 participants from the National Health and Nutrition Examination Survey (NHANES) 2005-
2016 waves were included. Depressive symptoms were assessed through Patient’s Health Questionnaire (PHQ-9). SlI
was calculated as the platelet count x neutrophil count/lymphocyte count. In order to determine the relationships
between SIl and depressive symptoms in participants with and without CVD, binary logistic regression model and
smooth curve fitting were used. We also performed sensitivity analyses and subgroup analysis.

Results The total prevalence of depressive symptoms was 8.73% among the 29,479 participants analyzed. After
adjusting for confounding factors, a higher SIl was significantly associated with increased depressive symptoms

in the total population (OR per SD increase: 1.101, 95% Cl: 1.060-1.144, P<0.0001). This association was stronger

in participants without CVD (OR: 1.121,95% Cl: 1.073-1.172, P<0.0001) compared to those with CVD (OR: 1.055,

95% Cl: 0.973-1.144, P=0.19571). Participants in the highest Sl tertile had a significantly higher risk of depressive
symptoms compared to those in the lowest tertile, particularly in the non-CVD group (OR: 1.161, 95% Cl: 1.026-1.313,
P=0.01765).

Conclusion The Sl is independently associated with an increased risk of depressive symptoms, particularly in
individuals without CVD. These findings suggest that the SIl may serve as a valuable predictor of depressive symptoms
in the general population, with potential implications for early screening and intervention strategies. Further research
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is needed to elucidate the mechanisms underlying this association and to explore the clinical utility of SIl in depressive
symptoms assessment, especially in the context of cardiovascular health.

Keywords Systemic immune-inflammation index, Depression, Cardiovascular disease, Inflammation, NHANES

Introduction

Depression is a common mental health disorder that
affects millions of people worldwide and is a leading
cause of disability [1]. It is particularly prevalent among
individuals with cardiovascular disease (CVD), with stud-
ies estimating that up to 20—40% of CVD patients experi-
ence depressive symptoms [2]. The relationship between
depression and CVD appears to be bidirectional, with
each condition increasing the risk of developing or wors-
ening the other [3]. This comorbidity is associated with
poorer health outcomes, increased mortality, and higher
healthcare costs, highlighting the need for effective
screening and early intervention strategies [4].

Chronic inflammation has emerged as a potential com-
mon pathway linking depression and CVD [5]. Several
inflammatory markers, such as C-reactive protein (CRP),
interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-a), have been associated with both conditions [3].
Recently, the systemic immune-inflammation index (SII),
calculated as platelet count x neutrophil count/lympho-
cyte count, has gained attention as a novel marker of sys-
temic inflammation [6]. The SII has shown promise in
predicting outcomes in various diseases, including can-
cer, nonalcoholic fatty liver disease, and cardiovascular
disorders [7-9]. However, its potential role in predict-
ing depression risk, particularly in the context of CVD,
remains largely unexplored.

Given the complex interplay between depression, CVD,
and inflammation, investigating the predictive value of
the SII for depression could provide valuable insights
into the underlying mechanisms and potential screening
tools. This study aims to examine the association between
SII and depressive symptoms in a large, nationally repre-
sentative sample of US adults, with a particular focus on
comparing this relationship in individuals with and with-
out CVD. By clarifying the potential of SII as a predictor
of depression, especially in the context of cardiovascular
health, this research may contribute to the development
of more targeted screening and intervention strategies
for these interrelated conditions.

Methods

Study design and participants

This study utilized data from the National Health and
Nutrition Examination Survey (NHANES) conducted
between 2005 and 2016. The analyses are cross-sectional,
assessing the association between systemic immune-
inflammation index (SII) and depressive symptoms for
each participant at a single point in time. NHANES is a

cross-sectional, nationally representative survey of the
non-institutionalized civilian population in the United
States, designed to assess the health and nutritional sta-
tus of adults and children. The survey combines inter-
views, physical examinations, and laboratory tests,
providing comprehensive data on a wide range of health
topics. NHANES uses a complex, multistage probability
sampling design to select participants, ensuring that the
sample is representative of the US population across all
ages, races, and ethnicities. The survey protocols were
approved by the National Center for Health Statistics
Research Ethics Review Board, and all participants pro-
vided informed consent.

From the original dataset of 60,936 subjects in the
NHANES 2005-2016 cycles, we applied several exclu-
sion criteria to define our study population (Fig. 1).
We excluded participants younger than 18 years of age
(n=24,649) and pregnant women (n=684) to focus on
the adult, non-pregnant population. Additionally, we
removed participants lacking data necessary for calcu-
lating the systemic immune-inflammation index (SII)
(n=3,183) and those with incomplete responses to the
Patient Health Questionnaire-9 (PHQ-9) for depression
assessment (n=2,941). After applying these exclusion
criteria, our final analytic sample consisted of 29,479
participants.

Assessment of depressive symptoms

Depressive symptoms were evaluated using the Patient
Health Questionnaire-9 (PHQ-9), a widely validated
screening tool for depression [10]. The PHQ-9 consists
of nine items that assess the frequency of depressive
symptoms over the past two weeks, corresponding to the
diagnostic criteria for major depressive disorder in the
Diagnostic and Statistical Manual of Mental Disorders
(DSM-1V) [11]. Participants rated each item on a four-
point Likert scale ranging from 0 (not at all) to 3 (nearly
every day), resulting in a total score between 0 and 27.
The internal consistency of the PHQ-9 in our sample was
good (Cronbach’s a=0.84). In line with previous research
and clinical guidelines, we defined clinically significant
depressive symptoms as a PHQ-9 score>10 [12, 13]. This
cut-off has demonstrated high sensitivity and specificity
for identifying major depression in various populations
[14].

Calculation of the Sl Index
The SII is calculated using complete blood count
parameters as: SII=platelet count X neutrophil count /
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Excluded:

Age < 18 years (N=24649)

Pregnant woman (N=684)

Participants without data on SII (N=3183)
Participants with incomplete data of PHQ-9 (N=2941)

A 4

Subjects for correlation analysis (N=29479)

Fig. 1 Flow chart of participant selection from the National Health and Nutrition Examination Survey (NHANES) 2005-2016

lymphocyte count [6, 15, 16]. The platelet, neutrophil
and lymphocyte counts are typically measured using
automated hematology analyzers and reported as 1000
cells/pl. SII integrates three types of inflammatory cells
- platelets, neutrophils and lymphocytes - to provide a
comprehensive assessment of the balance between host
inflammatory and immune status [8, 17]. This novel
index was first proposed by Hu et al. in 2014 and has
since been widely investigated as a marker of systemic
inflammation in various conditions [6]. The SII is consid-
ered advantageous over traditional inflammatory mark-
ers as it reflects both inflammatory and immune system
components [18]. Furthermore, SII index was categorized
into quartiles: Q1 (<332.12), Q2 (332.12-465.75), Q3
(465.75-656.5), and Q4 (>656.5).

Assessment of potential covariates

Potential covariates were selected based on their estab-
lished associations with CVD and depression in previous
literature and their availability in the NHANES database.
Sociodemographic factors included age, sex, race/ethnic-
ity (Mexican American, Non-Hispanic Black, Non-His-
panic White, Other), education level (below high school,
high school graduate, above high school), marital status
(unmarried, married), and family poverty income ratio.
Health-related factors encompassed body mass index
(BMI), smoking status (never, former, current), alcohol
consumption (no, yes), history of malignancy, diabetes,
and hypertension. Medication use was also considered,
including statins, antidepressants, antidiabetic agents,
and antihypertensive medications. These variables were
assessed through standardized questionnaires, physical
examinations, and laboratory tests conducted as part of
the NHANES protocol. BMI defined as weight in kilo-
grams divided by the square of height in meters (kg/m?).
Hypertension was defined as having an average systolic

blood pressure exceeding 140 mmHg, a diastolic blood
pressure greater than 90 mmHg, or self-reported use of
antihypertensive medication. Diabetes was identified by
any of the following criteria: being informed by a doctor
or health professional that one has diabetes, currently
taking insulin, a fasting glucose level of 2126 mg/dL, or
a glycohemoglobin level of >6.5%. A former smoker is
defined as an adult who has smoked at least 100 ciga-
rettes in their lifetime but has quit smoking at the time of
the interview. A never smoker is an adult who has never
smoked or has smoked fewer than 100 cigarettes in their
lifetime. Participants who have ever been diagnosed with
any of the following conditions-congestive heart failure,
coronary heart disease, angina/angina pectoris, heart
attack, or stroke-are classified as having CVD. For more
detailed information on the measurement procedures,
additional details can be found on the NHANES website
(www.cdc.gov/nchs/nhanes/).

Statistical analysis

All statistical analyses were performed using R version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria) and EmpowerStats (X&Y Solutions, Inc, Bos-
ton, MA), and accounted for the complex survey design
of NHANES, including sampling weights, stratification,
and clustering. Baseline characteristics were presented as
weighted means (95% confidence intervals) for continu-
ous variables and weighted percentages (95% confidence
intervals) for categorical variables. Differences between
participants with and without CVD were assessed using
survey-weighted linear regression for continuous vari-
ables and survey-weighted chi-square tests for categori-
cal variables. The association between SII and depression
was examined using survey-weighted logistic regression
models. SII was analyzed both as a continuous variable
(per standard deviation increase) and as a categorical
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variable (tertiles). Three models were constructed with
progressive adjustment for potential confounders: Model
1 was unadjusted; Model 2 adjusted for sex, age, BMI,
race/ethnicity, education level, marital status, and fam-
ily poverty income ratio; Model 3 further adjusted for
history of malignancy, diabetes, hypertension, and use
of statins, antidepressants, antidiabetic agents, and anti-
hypertensive medications. Subgroup analyses were per-
formed to assess the consistency of the association across
various demographic and clinical characteristics. A
smooth curve fitting was conducted to examine potential
non-linear relationships between SII and depression. All
statistical tests were two-sided, and a P-value<0.05 was
considered statistically significant.

Results

Baseline characteristics of participants

A total of 29,479 participants were included in this analy-
sis. Table 1 presents the baseline characteristics of par-
ticipants stratified by CVD status. Compared to those
without CVD, participants with CVD were older (64.61
vs. 46.10 years, P<0.0001), had a higher BMI (30.58
vs. 28.79 kg/m? P<0.0001), and lower family poverty
income ratio (2.54 vs. 3.07, P<0.0001). The CVD group
had a higher proportion of males (54.36% vs. 48.80%,
P<0.0001) and Non-Hispanic Whites (75.30% vs. 68.85%,
P<0.0001). They also had higher rates of diabetes (33.66%
vs. 10.03%, P<0.0001), hypertension (75.35% vs. 34.55%,
P<0.0001), and depression (14.03% vs. 6.97%, P<0.0001).
Medication use, including statins, antidepressants, and
antidiabetic agents, was significantly higher in the CVD
group (all P<0.0001). Notably, the mean PHQ-9 score
was significantly higher in the CVD group (4.29 vs. 2.88,
P<0.0001), indicating a higher prevalence of depressive
symptoms.

Association between Sll and depression in participants
with and without CVD

Figure 2 illustrates the relationship between the SII and
the probability of depression, stratified by CVD status.
The smoothed curves reveal a generally positive asso-
ciation between SII and depressive symptoms for both
groups. However, the relationship appears to be stronger
and more linear in participants without CVD compared
to those with CVD. For participants without CVD, the
probability of depression increases steadily with increas-
ing SII values, showing a nearly linear trend. The curve
starts at a lower probability of depression for low SII val-
ues and rises consistently as SII increases. In contrast,
the curve for participants with CVD shows a more com-
plex pattern. It begins at a higher baseline probability of
depression compared to the non-CVD group, even at low
SII values. The curve then demonstrates a slight increase
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in depression probability as SII increases, but the slope is
less steep compared to the non-CVD group.

Table 2 presents the association between SII and
depressive symptoms among participants with and
without CVD. In the fully adjusted model (Model 3), a
significant association between SII and depressive symp-
toms was observed in the total population (OR per SD
increase: 1.101, 95% CI: 1.060-1.144, P<0.00001). When
stratified by CVD status, the association remained sig-
nificant in participants without CVD (OR: 1.121, 95%
CI: 1.073-1.172, P<0.00001), but not in those with CVD
(OR: 1.055, 95% CI: 0.973-1.144, P=0.19571). When SII
was categorized into tertiles, participants in the highest
tertile had a significantly higher risk of depression com-
pared to those in the lowest tertile in the total population
(OR: 1.166, 95% CI: 1.043-1.303, P=0.00689) and in par-
ticipants without CVD (OR: 1.161, 95% CI: 1.026-1.313,
P=0.01765). However, this association was not statisti-
cally significant in participants with CVD (OR: 1.228,
95% CI: 0.940-1.603, P=0.13154).

Model 3 adjust for: Sex, age, BMI, race/ethnicity,
education level, marital status, family poverty income
ratio, malignancy, diabetes, hypertension, statins use,
antidepressants, antidiabetic agents, antihypertensive
medications.

The trend analysis showed a significant dose-response
relationship between SII tertiles and depressive symp-
toms in both CVD and non-CVD groups (P for
trend<0.001), suggesting a gradual increase in depres-
sive symptoms with increasing SII levels. These results
indicate that the association between SII and depressive
symptoms is more pronounced in individuals without
CVD, suggesting potential differences in the inflamma-
tory mechanisms underlying depression in the presence
or absence of CVD.

Subgroup analysis and sensitivity analysis
Subgroup analyses were conducted to assess the con-
sistency of the association between SII and depression
across various demographic and clinical characteristics
(Fig. 3). The positive association between SII and depres-
sive symptoms was generally consistent across most sub-
groups, with some notable variations. The association
was stronger in males, younger participants (<60 years),
and those with less than high school education. Inter-
estingly, the association was significant in participants
without a history of malignancy but not in those with a
history of malignancy. Consistent with our main findings,
the subgroup analysis confirmed a stronger association in
participants without CVD (OR: 1.12, 95% CI: 1.07-1.17,
P<0.001) compared to those with CVD (OR: 1.05, 95%
CI: 0.97-1.14, P=0.1957).

To assess the robustness of our findings, we conducted
a sensitivity analysis by excluding participants with a
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Table 1 Baseline characteristics of the participants in CVD and non-CVD groups

Variables Non-CVD CcVvD P
PHQ-9 score 2.882(2.791,2.972) 4.293 (4.034 4.553) <0.0001
Age, years 46.098 (45.622 46.573) 64.608 (63.932 ,65.284) <0.0001
Family Poverty Income Ratio 3.070 (2.995 3.145) 2.538(2.442 2.633) <0.0001
BMI, kg/m? 28790 (28.618 ,28.961) 30.576 (30.227 ,30.926) <0.0001
Sex <0.0001
Female 51.197 (50.574 ,51.819) 45.645 (43.262 48.047)

Male 48.803 (48.181 ,49.426) 54.355 (51.953 ,56.738)

Race/Ethnicity <0.0001
Mexican American 8.626(7.237 ,10.253) 4654 (3.558 ,6.066)

Non-Hispanic Black 10.444 (9.084 ,11.980) 11.297 (9.676,13.150)

Non-Hispanic White 68.845 (65.940,71.609) 75.295 (72.348 ,78.024)

Other 12.085 (10.929,13.344) 8.754 (7.435,10.281)

Education level <0.0001
Below high school 15.600 (14.351,16.937) 24.248 (22.051,26.590)

High school graduate 22276 (21.269 ,23.317) 26.801 (24.517 ,29.215)

Above high school 62.123 (60.206 ,64.004) 48.951 (45.910,52.000)

Marital status 0.0004
Unmarried 35.682 (34.357,37.030) 40.029 (37.364 42.754)

Married 64.318 (62.970 ,65.643) 59.971 (57.246 62.636)

Malignancy <0.0001
No 91.015 (90453 ,91.547) 78.280 (76.036,80.368)

Yes 8.985 (8.453,9.547) 21.720(19.632 ,23.964)

Smoking status <0.0001
never 55.699 (54.445 ,56.947) 37.950 (35.757 ,40.193)

former 23711 (22711 ,24.740) 39.328(37.308 ,41.385)

now 20.590 (19.593 ,21.625) 22.722 (20.733 24.842)

Diabetes <0.0001
No 89.970 (89.353 ,90.555) 66.338 (64.200 ,68.412)

Yes 10.030 (9.445 ,10.647) 33.662 (31.588,35.800)

Hypertension <0.0001
No 65.450 (64.415 ,66.470) 24.652 (22489 ,26.952)

Yes 34.550 (33.530,35.585) 75.348 (73.048 ,77.511)

Alcohol drinker 0.0089
No 49.159 (46.727 ,51.596) 43.123(39.048 ,47.294)

Yes 50.841 (48404 ,53.273) 56.877 (52.706 ,60.952)

Statins use <0.0001
No 86.728 (86.070,87.360) 42.397 (39.987 ,44.844)

Yes 13.272 (12.640,13.930) 57.603 (55.156 ,60.013)

Antidepressants <0.0001
No 87.765 (87.006 ,88.485) 77.802 (75.693,79.776)

Yes 12.235(11.515,12.994) 22.198 (20.224 24.307)

Antidiabetic agents <0.0001
No 93.061 (92.561,93.529) 74494 (72508 ,76.383)

Yes 6.939 (6471 ,7.439) 25.506 (23.617 ,27.492)

Antihypertensive Medications <0.0001
No 94.522 (94.071 ,94.941) 89.105 (87.388,90.614)

Yes 5478 (5.059,5.929) 10.895 (9.386,12.612)

Depression <0.0001
No 93.027 (92.533,93.490) 85.971 (84.123 ,87.635)

Yes 6.973 (6.510,7.467) 14.029 (12.365 ,15.877)

For continuous variables: survey-weighted mean (95% Cl), P-value was by survey-weighted linear regression (svyglm); For categorical variables: survey-weighted
percentage (95% Cl), P-value was by survey-weighted Chi-square test (svytable)
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Fig. 2 Smooth curve fitting of the relationship between the systemic immune-inflammation index (Sll) and the probability of depression, stratified by

cardiovascular disease (CVD) status

history of malignancy (Table S1). The results remained
largely consistent with our main analysis. In the fully
adjusted model, the association between SII and depres-
sion remained significant in the total population and in
participants without CVD, while it was not statistically
significant in participants with CVD. However, when
SII was categorized into tertiles, the association became
statistically significant in participants with CVD after
excluding those with malignancy.

These subgroup and sensitivity analyses strengthen the
overall association between SII and depression, while
also highlighting potential variations across different

demographic and clinical subgroups. The consistency
of results after excluding participants with malignancy
strengthens the validity of our findings.

Discussion

In this large-scale study utilizing data from the NHANES,
we investigated the association between the SII and
depression in individuals with and without CVD. Our
findings reveal a significant positive association between
SII and depressive symptoms in the overall population,
with a notably stronger relationship observed in indi-
viduals without CVD. It is important to note that the
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Table 2 Association between systemic immune-inflammation index (SIl) and risk of depression among participants with and without

CVD

Exposure

Non-CVD

CcvD

Total

Model 1

SI (per SD change)
Sl tertile

Low

Middle

High

Model 2

SH (per SD change)
Sl tertile

Low

Middle

High

Model 3

SIl (per SD change)
Sl tertile

Low

Middle

High

P for trend

1.168 (1.123, 1.215) < 0.00001

1(Reference)
0.992 (0.883, 1.115) 0.89629
1.331(1.190, 1.487) <0.00001

1.128(1.080, 1.179) < 0.00001

1(Reference)
0.969 (0.854, 1.100) 0.62800
1.181 (1.045, 1.335) 0.00785

1.121 (1.073,1.172) <0.00001

1(Reference)

0.969 (0.853, 1.100) 0.62296
1.161 (1.026, 1.313) 0.01765
<0.001

1.033 (0.965, 1.106) 0.35074

1(Reference)
0.983 (0.758, 1.274) 0.89589
1.244 (0.985, 1.570) 0.06646

1.060 (0.979, 1.147) 0.14965

1(Reference)
0917 (0.687,1.224) 0.55720
1.233 (0,946, 1.608) 0.12127

1.055 (0.973,1.144) 0.19571

1(Reference)

0.926 (0.692, 1.238) 0.60270
1.228 (0.940, 1.603) 0.13154
<0.001

1.129(1.091, 1.168) < 0.00001

1(Reference)
0.990 (0.890, 1.102) 0.85997
1.314(1.188, 1.453) < 0.00001

1.107 (1.066, 1.150) < 0.00001

1(Reference)
0.965 (0.860, 1.083) 0.54325
1.183 (1.059, 1.322) 0.00297

1.101 (1.060, 1.144) <0.00001

1(Reference)

0.966 (0.860, 1.084) 0.55289
1.166 (1.043, 1.303) 0.00689
<0.001

Model 1 adjust for: None

Model 2 adjust for: Sex, age, BMI, race/ethnicity, education level, marital status, family poverty income ratio;

cross-sectional design of our study precludes the abil-
ity to infer causality or longitudinal predictions between
SII and depressive symptoms. Specifically, we found that
a higher SII was associated with an increased risk of
depression in the total population, with this association
being more pronounced in participants without CVD
compared to those with CVD. Furthermore, our analysis
revealed a dose-response relationship, with participants
in the highest SII tertile demonstrating a significantly
higher risk of depression compared to those in the low-
est tertile, particularly in the non-CVD group (OR: 1.161,
95% CI: 1.026-1.313). These findings highlight the poten-
tial value of SII as a predictor of depression, especially in
individuals without CVD.

The observed association between higher SII and
increased depression corresponds with the growing
body of evidence supporting the role of inflammation
in the pathophysiology of depression [19, 20]. The SII,
which integrates information on platelets, neutrophils,
and lymphocytes, provides a comprehensive measure
of systemic inflammation that may reflect the complex
interplay between immune activation and depression.
Several mechanisms may underlie this association. Ele-
vated inflammatory markers can affect neurotransmitter
metabolism, neuroendocrine function, and neural plas-
ticity, all of which are implicated in the development of
depressive symptoms [19, 21]. Furthermore, pro-inflam-
matory cytokines can activate the hypothalamic-pitu-
itary-adrenal (HPA) axis, leading to increased cortisol
levels and subsequent alterations in mood and behavior

[22]. The stronger association observed in participants
without CVD is particularly interesting. This finding
suggests that in the absence of established cardiovascu-
lar disease, systemic inflammation as measured by SII
may play a more prominent role in depression. In indi-
viduals with CVD, the relationship between inflamma-
tion and depression may be confounded by other factors
related to cardiovascular health, medication use, or life-
style changes associated with CVD management. The
dose-response relationship observed in our study fur-
ther strengthens the evidence for a potential causal link
between systemic inflammation and depression risk,
highlighting the importance of considering inflammatory
markers in depression risk assessment and management
strategies.

Our findings extend previous research on inflammatory
markers and depression by focusing on the SII, a compos-
ite index that may offer advantages over single inflamma-
tory markers. While previous studies have demonstrated
associations between individual inflammatory markers
such as C-reactive protein (CRP), interleukin-6 (IL-6),
and tumor necrosis factor-alpha (TNF-a) with depres-
sion risk, results have been inconsistent [23, 24]. The SII,
by incorporating multiple components of the immune
system, may provide a more comprehensive and stable
measure of systemic inflammation. Our results are con-
sistent with studies that have shown positive associations
between other inflammatory indices, such as the neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lympho-
cyte ratio (PLR), and depression risk [25, 26]. However,
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Variables OR(95%CI) Pvalue
Gender :
Female 1.08 (1.03-1.14) | —— 0.0015
Male 1.12 (1.05-1.19) s - 4e-04
Age (years) :
<60 1.13 (1.08-1.19) L <0.001
>60 1.07 (1.00-1.14) — 0.0496
Race E
Mexican American 1.09 (0.98-1.22) r—:—l—| 0.1093
Non-Hispanic Black 1.12(1.03-1.21) e 0.0062
Non-Hispanic White 1.08 (1.02-1.14) e 0.0061
Other 1.17 (1.06-1.29) | —— 1 00018
Education level E
Less than high school 1.15(1.07-1.23) : —— <0.001
High school or equivalent 1.05 (0.96-1.15) ——— 0.2665
High school above 1.08 (1.02-1.15) | —— 0.005
Marital status E
Unmarried 1.06 (1.00-1.12) - 0.0331
Married 1.16 (1.10-1.23) e <0.001
History of malignancy :
No 1.12 (1.07-1.16) e <0.001
Yes 1.01 (0.90-1.13) »—:|—| 0.9249
History of hypertension :
No 1.08 (1.02-1.15) | —— 0.014
Yes 1.11 (1.06-1.16) o <0.001
History of CVD :
No 1.12 (1.07-1.17) E — <0.001
Yes 1.05 (0.97-1.14) - 0.1957
History of diabetes :
No 1.10 (1.05-1.15) — <0.001
Yes 1.09 (1.01-1.18) —— 0.033
09 10 1.1 12, 123

Fig. 3 Forest plot showing the association between systemic immune-inflammation index (SI) and depression across various subgroups
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our study is novel in its exploration of SII in relation to
depression risk, particularly in the context of CVD sta-
tus. By demonstrating a stronger association in non-
CVD participants, our findings contribute to the growing
understanding of the differential impact of inflammation
on mental health in various clinical contexts.

The subgroup analyses in our study revealed important
insights into the relationship between SII and depression
risk across different demographic and clinical charac-
teristics. Notably, we observed a stronger association in
males, younger participants (<60 years), and those with
less than high school education. These findings suggest
that the impact of systemic inflammation on depression
risk may vary across different population subgroups. The
stronger association in males is particularly interesting,
as it contrasts with the generally higher prevalence of
depression in females [27]. This finding may indicate that
inflammatory processes play a more significant role in
the pathophysiology of depression in males, or that males
are more susceptible to the depressogenic effects of
inflammation. The stronger association in younger par-
ticipants suggests that early-life inflammation may have a
more profound impact on mental health, highlighting the
importance of early intervention and prevention strate-
gies. The increased vulnerability observed in individu-
als with lower education levels may reflect the complex
interplay between socioeconomic factors, inflammation,
and mental health, underscoring the need for targeted
interventions in disadvantaged populations [28].

The potential clinical implications of our findings are
substantial. The SII, being a readily available and cost-
effective biomarker derivable from routine blood tests,
could serve as a valuable tool for identifying individu-
als at higher risk of depression, particularly in non-CVD
populations [6, 29]. This could facilitate early screening
and intervention strategies, potentially improving out-
comes and reducing the burden of depression. In clinical
practice, elevated SII levels could prompt more thorough
mental health assessments and closer monitoring of
depressive symptoms. Furthermore, our findings suggest
that anti-inflammatory interventions may have potential
as preventive or therapeutic strategies for depression,
especially in individuals without CVD [30, 31]. However,
it is crucial to note that while our study demonstrates an
association, it does not establish causality, and further
research is needed to determine the clinical utility of SII
in depression risk assessment and management.

Our study has several strengths that enhance the reli-
ability and generalizability of our findings. First, the large
sample size derived from the NHANES database provides
robust statistical power and enhances the representative-
ness of our results. Second, we conducted comprehensive
adjustments for a wide range of potential confounding
factors, including demographic characteristics, lifestyle
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factors, and comorbidities, thereby reducing the likeli-
hood of false associations. Third, the use of smooth curve
fitting allowed us to visualize the non-linear relation-
ships between SII and depression risk, providing a more
nuanced understanding of this association. Despite these
strengths, several limitations should be considered when
interpreting our results. First, the cross-sectional nature
of our study precludes the establishment of causal rela-
tionships between SII and depression symptoms. Lon-
gitudinal studies are needed to elucidate the temporal
relationship between systemic inflammation and the
development of depressive symptoms. Second, while we
adjusted for a comprehensive set of confounding factors,
the possibility of residual confounding due to unmea-
sured variables cannot be ruled out. Third, our assess-
ment of depressive symptoms relied on PHQ-9 rather
than clinical diagnoses, which may have introduced some
misclassification bias. Future studies incorporating struc-
tured clinical interviews for depression diagnosis would
be valuable. A limitation of this study is the reliance on
a single SII measurement due to the cross-sectional
design of NHANES. While SII is a robust indicator of
systemic inflammation, its variability over time-poten-
tially influenced by transient or chronic factors-remains
unaccounted for in our analysis. Future longitudinal
studies with serial SII measurements are needed to better
understand its stability and role in predicting depressive
symptoms. Another limitation of our study is the uncer-
tain clinical significance of the observed associations.
Although we found statistically significant associations
between SII and depressive symptoms, the lack of data on
other established risk factors for clinical depression, such
as previous depressive episodes, family history, or psy-
chosocial stressors, limits our ability to assess the clinical
relevance of these findings fully. Future research incor-
porating these factors may provide more clarity on the
practical importance of inflammation in the development
of depression. Furthermore, the mean PHQ-9 scores
in both the CVD and non-CVD groups were within the
normal range, which means that our study primarily
captures mild depressive symptoms. This limits our abil-
ity to assess the strength of the association between SII
and depression in individuals with moderate or severe
depression. Further research focusing on more severe
cases of depression is needed to better understand the
role of systemic inflammation in these populations.

Conclusion

Our study provides strong evidence for an independent
association between the SII and depression risk, particu-
larly in individuals without cardiovascular disease. These
findings highlight the potential of SII as a valuable pre-
dictor of depression symptoms in the general population,
with implications for early screening and intervention
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strategies. The observed dose-response relationship
and the consistency of results across various subgroups
strengthen the validity of our findings. While further
research is needed to establish causality and explore the
clinical utility of SII in depression assessment, our study
contributes significantly to the growing body of evidence
linking inflammation and mental health. By elucidat-
ing the differential impact of systemic inflammation on
depression risk in CVD and non-CVD populations, our
findings open new avenues for understanding the com-
plex interplay between cardiovascular health, inflamma-
tion, and depression.
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