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Popular scientific summary

¢ In this large study of over 51,000 Chinese adults, vitamin D (VitD) deficiency was common and
linked to higher levels of blood markers reflecting inflammation.

* Lower VitD levels were consistently associated with greater systemic inflammatory burden.

* Because chronic low-grade inflammation contributes to many long-term diseases, maintaining
adequate VitD levels may be important for overall health.

* Further studies are needed to determine whether VitD supplementation can reduce inflammation
and disease risk.

Abstract

Background|Objectives: Vitamin D (VitD) plays an essential role in immune regulation, and growing evidence
associates low VitD status with elevated systemic inflammation. However, large-scale, population-based evi-
dence linking VitD status to systemic inflammatory markers in Chinese population are lacking.

Objective: This study aimed to investigate the relationship between VitD levels and inflammatory markers in
healthy Chinese individuals.

Methods: This cross-sectional study was conducted at Zhejiang Provincial People’s Hospital (March 2019-
August 2023) including a total of 51,521 participants. VitD levels were categorized according to serum
25-hydroxyvitamin D concentrations, and inflammatory markers were derived using established formulas.
Primary outcome measures included the systemic immune-inflammation index (SII), platelet-to-lymphocyte
ratio (PLR), and aggregate index of systemic inflammation (AISI). Associations between VitD levels and
inflammatory markers were assessed using Spearman’s correlation and linear regression.

Results: SII, PLR, and AISI were significantly higher among participants with VitD deficiency (P < 0.05).
VitD levels were negatively correlated with SII (r = -0.063, P < 0.001), PLR (r = -0.095, P <0.001), and AISI
(r=-0.044, P <0.001). In multivariable linear regression adjusting for age, sex, low-density lipoprotein choles-
terol, triglycerides, uric acid, glucose, albumin, alanine transaminase, alkaline phosphatase, serum creatinine,
and hemoglobin, VitD deficiency remained independently associated with SII, PLR, and AISI.

Conclusion: VitD deficiency is an independent risk factor for elevated inflammatory markers, supporting a
potential immunomodulatory role of VitD and highlighting the need for further research on its potential
benefits in chronic disease prevention.
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itamin D (VitD) is a fat-soluble vitamin essential
s / for calcium and phosphorus metabolism and bone
health and for regulating various biological pro-
cesses in non-skeletal systems (1). The main active form
of VitD is 25-hydroxyvitamin D (25[OH]D), which exerts
biological effects through VitD receptors (VDR) distrib-
uted across different tissues (2). Clinically, VitD deficiency
has classically been linked to severe bone deformities, such
as rickets, underscoring its importance in bone mineral-
ization and calcium homeostasis (3). More recently, VitD
has been implicated in immune modulation, with obser-
vational and mechanistic studies suggesting associations
with susceptibility to autoimmune diseases and infections
(4, 5). Furthermore, VitD deficiency has been linked to
several chronic diseases, such as cardiovascular diseases,
diabetes, and autoimmune disorders (6-8). Collectively,
these findings underscore the multifaceted role of VitD
in health and disease, advocating its sufficient intake to
prevent associated chronic conditions (9, 10).

Converging evidence indicates that chronic, low-grade
inflammation contributes to the pathogenesis of numer-
ous diseases, particularly age-related conditions such as
metabolic disorders, osteoporosis, and cardiovascular dis-
eases (11, 12). The systemic immune-inflammation index
(SII), platelet-to-lymphocyte ratio (PLR), and aggregate
index of systemic inflammation (AISI) are emerging
inflammatory markers calculated based on peripheral
blood platelet, neutrophil, monocyte, and lymphocyte
counts, comprehensively reflecting the inflammatory and
immune status of the body(11, 13). Research indicates
that SII assesses the immune-inflammatory state, AISI
evaluates the overall inflammatory state, and PLR reflects
platelet aggregation and systemic inflammation (14-17).
These indicators play predictive roles in many diseases.

Recent evidence suggests that VitD contributes to the
regulation of chronic low-grade inflammation (4, 18).
VitD deficiency has been associated with enhanced inflam-
matory responses, including elevated levels of inflam-
matory markers across various conditions, indicating a
potential role in modulating immune responses (19, 20).
In addition, VitD supplementation can influence inflam-
matory pathways and may reduce the risk of chronic dis-
eases associated with inflammation (21). Moreover, the
influence of VitD on inflammation could provide insights
into its broader implications for health, particularly in
conditions such as cardiovascular diseases and metabolic
syndrome (10, 22, 23).

However, large-scale evidence in Chinese population
linking VitD levels to inflammatory indicators remain lim-
ited. Accordingly, we conducted this cross-sectional study
to evaluate the association between VitD and inflammatory
markers, including SII, PLR, and AISI, in healthy individ-
uals. Understanding these interactions may help to inform
therapeutic strategies to mitigate inflammation-related
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health issues. This study aimed to provide a scientific basis
for recommending VitD supplementation as a strategy for
mitigating inflammation-related health issues.

Materials and methods

Study design and participants

This cross-sectional study included individuals who under-
went routine health examinations at Zhejiang Provincial
People’s Hospital between March 2019 and August 2023.
When individuals exhibit symptoms such as fever, cough,
abdominal pain, etc., the health examination center will
defer the examination and suggest seeking medical con-
sultation at a clinic. Therefore, our research focused on
the healthy individuals who underwent physical exam-
inations. The inclusion criteria were age 18-89 years and
complete VitD and blood test results. The exclusion crite-
ria comprised estimated glomerular filtration rate (¢GFR)
< 60 mL/min/1.73 m? (n = 461) and white blood cell count
> 20 x 10°/L (n = 3). The screening process is shown in
Fig. 1.

Ethical approval

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and was approved
by the Ethics Committee of Zhejiang Provincial People’s
Hospital (approval no.: QT2025268). The requirement for
informed consent was waived owing to the retrospective
nature of the study.

Data collection

Baseline data were extracted from the hospital’s medical
records system, including age, sex, and blood test results.
Blood samples were collected after at least 8 h of fast-
ing. Laboratory measurements included white blood cell
count, hemoglobin, platelet count (PLT), monocyte count
(MONO), neutrophil count (NEU), lymphocyte count
(LYM), lipid profile (triglycerides [TG], low-density lipo-
protein cholesterol [LDL-C]), liver and renal function
markers (alanine transaminase [ALT], alkaline phospha-
tase [ALP], albumin [ALB], serum creatinine [Scr]), uric
acid (UA), fasting blood glucose (FBG), and VitD levels.

VitD group classification

VitD levels were assessed by measuring serum 25(OH)D.
We defined VitD levels as follows: normal, >30 ng/mL;
insufficient, 20-30 ng/mL (excluding 20 ng/mL); deficient,
10-20 ng/mL (excluding 10 ng/mL); and severely defi-
cient, <10 ng/mL.

Calculation of the inflammatory markers

The SII was calculated using the formula: SIT = PLT X
NEU / LYM; PLR as PLR = PLT / LYM; and AISI as
AISI = NEU x PLT x MONO /LYM.
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Statistical analysis

All statistical analyses were conducted using IBM SPSS
Statistics (Version 26.0, IBM Corp., Armonk, NY,
USA). The Kolmogorov-Smirnov test was used to assess
the normality of the variables. Quantitative data are pre-
sented as either means with standard deviations or medi-
ans with interquartile ranges, and qualitative data are
presented as percentages. The z-test was used to compare
data with a normal distribution, and the rank-sum test
was used to assess data that did not conform to a normal
distribution. The chi-square test was used to compare
qualitative data. Since four groups were included in this
study, Kruskal-Wallis H test (for non-normally distrib-
uted data) should be adopted for overall between-group
comparisons. Associations between VitD levels and
inflammatory markers was assessed using Spearman’s
correlation analysis. Linear regression models were con-
structed to identify factors associated with inflamma-
tory markers. Three models were constructed. Model 1
was the crude model; Model 2 was adjusted for age and
sex; and Model 3 was further adjusted for LDL-C, TG,
UA, FBG, ALB, ALT, ALP, Scr, and hemoglobin. All
statistical tests were two-tailed, and significance was set
at P <0.05.

Results

Comparison of clinical characteristics among the four groups
according to VitD levels

The 51,521 patients were divided into four groups accord-
ing to their 25(OH)D levels: the normal group comprised
4,955 individuals (9.6%); the insufficiency group, 17,676

Association between vitamin D and inflammatory markers

(34.3%); the deficiency group, 25,142 (48.8%); and the
severe deficiency group, 3,748 (7.3%). More than half of
the population was VitD deficient (Fig. 2).

The clinical characteristics of the four groups are pre-
sented in Table 1. Significant differences were observed in
age, sex, FBG, TG, LDL-C, UA, ALT, ALP, ALB, Scr, and
inflammatory markers among the groups across VitD cat-
egories (P < 0.001). Inflammatory indices were higher in
the severe deficiency group than in the normal group: SII
[403.94 (300.65, 540.01) vs. 360.65 (267.42, 483.76)], PLR
[121.26 (98.87, 150.91) vs. 108.81 (88.87, 134.70)], and
AISI [138.13 (92.10, 209.16) vs. 121.75 (80.70, 184.36)];
all differences were statistically significant (P < 0.001).

mm Sufficient

mm |nsufficient

mm Deficient
Severely deficient

n=51521

Fig 2. The distribution of vitamin D status among the exam-
ination population: the normal group comprised 4,955 indi-
viduals (9.6%); the insufficiency group, 17,676 (34.3%); the
deficiency group, 25,142 (48.8%); and the severe deficiency
group, 3,748 (7.3%).

Participants undergoing health examinations and vitamin
D testingat Zhejiang Provincial People's Hospital between
March 2019 to August 2023

n=51985

Excluded (n = 464):
The eGFR <= 60 ml/min*1.73m2 n =461
white blood cell count =2 20109 /L n=3

Analyzed (n=51,521)

I

Insufficient vitamin D
n=17,676

Sufficient vitamin D
n=4955

Deficient vitamin D

Severely deficient vitamin D
n=3748

n=25142

Fig. 1. Flow chart of study: the inclusion criteria were age 18-89 years and complete VitD and blood test results. The exclusion
criteria comprised eGFR < 60 mL/min/1.73 m? (n = 461) and white blood cell count > 20 x 10°/L (n = 3). Finally 51,521 partici-
pants were included. eGFR: estimated glomerular filtration rate; VitD: Vitamin D.
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Correlations between VitD and inflammatory markers

To further assess the relationship between VitD levels
and inflammatory markers, we performed Spearman’s
correlation analysis. The results showed that 25(OH)D levels
were significant negatively correlated with SII (r = -0.063,
P < 0.001), PLR (r = -0.095, P < 0.001), and AISI
(r=-0.044, P < 0.001) (Fig. 3).

Association between VitD levels and Sl

Linear regression analysis was performed to assess the
factors associated with inflammatory markers. With SII
as the dependent variable, the crude model showed that
insufficient (B = 9.93, 95% CI = 3.06-16.79, P = 0.005),
deficient (p = 32.21, 95% CI = 25.57-38.85, P <0.001) and
severely deficient VitD levels (B = 42.48, 95% CI = 33.23-
51.73, P < 0.001) were associated with SII. After adjust-
ing for age and sex, deficient and severely deficient VitD
levels remained associated with SII. Further adjustment
for LDL-C, TG, UA, FBG, ALB, ALT, ALP, Scr, and

A B

sII
PLE

T

Association between vitamin D and inflammatory markers

hemoglobin showed that deficient (B = 16.64, 95% CI =
9.80-23.48, P < 0.001) and severely deficient VitD levels
(B = 15.33, 95% CI = 5.67-25.00, P = 0.002) remained
independently associated with SII (Table 2).

Association between VitD levels and AlSI

With AISI as the dependent variable, the crude model
showed that insufficient (p = 4.05, 95% CI = 0.16-7.94,
P = 0.041), deficient (B = 12.68, 95% CI = 8.92-16.44,
P < 0.001) and severely deficient VitD levels (f = 16.39,
95% CI = 11.16-21.63, P < 0.001) were associated with
AISI. After adjusting for age and sex, VitD deficiency
and severe deficiency remained associated with AISI.
Further adjustment for LDL-C, TG, UA, FBG, ALB,
ALT, ALP, Scr, and hemoglobin showed that deficient
(B=11.76,95% CI = 7.91-15.61, P < 0.001) and severely
deficient VitD levels (B = 18.31, 95% CI = 12.87-23.76,
P <0.001) remained independently associated with AISI
(Table 3).

Alsl

25-0H vitamin [v

25.0H vitamin D

25-0H vitamin Iy

Fig. 3. Correlations between VitD and Inflammatory Markers using Spearman’s correlation analysis. (A) Correlation between
VitD and SII: a significant negatively correlation between 25-OH VitD levels and SII (r = -0.063, P < 0.001); (B) Correlation
between VitD and PLR: a significant negatively correlation between 25-OH VitD levels and PLR (r = -0.095, P < 0.001);
(C) Correlation between VitD and AISI: a significant negatively correlation between 25-OH VitD levels and AISI (r = -0.044,
P <0.001). VitD: Vitamin D; 25-OH VitD: 25-hydroxyvitamin D; SII: systemic immune-inflammation index; PLR: platelet to
lymphocyte ratio; AISI: aggregate index of systemic inflammation.

Table 2. Linear regression analysis assessing the association between VitD levels and SII

Model | Model 2 Model 3
Variables
B (95% Cl) P B (95% Cl) P B (95% Cl) P
Sufficient 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Insufficient 9.93 (3.06 ~ 16.79) 0.005 5.94 (-0.95 ~ 12.82) 0.091 3.60 (—3.26 ~ 10.45) 0.304
Deficient 32.21 (25.57 ~ 38.85) <0.001 19.89 (13.04 ~ 26.74) <0.001 16.64 (9.80 ~ 23.48) <0.001
Severely deficient 42.48 (33.23 ~ 51.73) <0.001 20.84 (11.18 ~ 30.51) <0.001 15.33 (5.67 ~ 25.00) 0.002

Modell: Crude.
Model2:Adjust for age and sex.

Model3: Model2 + Adjust for LDL-C, TG, UA, FBG,ALB,ALT,ALP, Scr, and hemoglobin.

LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; UA: uric acid; FBG: fasting blood glucose; ALB: albumin; ALT: alanine transaminase;
ALP: alkaline phosphatase; Scr: serum creatinine; SlI: systemic immune-inflammation index;VitD:Vitamin D.
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Association between VitD levels and PLR

With PLR as the dependent variable, the crude model
showed that insufficient (B = 1.77, 95% CI = 0.51-3.03,
P = 0.006), deficient (B = 7.38, 95% CI = 6.16-8.61,
P <0.001)and severely deficient VitD levels (B = 13.89,95%
CI = 12.19-15.59, P < 0.001) were associated with PLR.
After adjusting for age and sex, deficient and severely defi-
cient VitD levels remained associated with PLR. Further
adjustment for LDL-C, TG, UA, FBG, ALB, ALT, ALP,
Scr, and hemoglobin showed that deficient (§ = 1.91, 95%
CI=0.70-3.13, P <0.001) and severely deficient VitD lev-
els (B = 2.27, 95% CI = 0.56-3.98, P < 0.001) remained
independently associated with PLR (Table 4).

Discussion

VitD deficiency is highly prevalent worldwide (24). In
this study, only 9.62% of participants had sufficient VitD
levels, consistent with prior surveys. Wan et al. reported
that among 6,329 patients with type 2 diabetes, 81.9% had
insufficient VitD levels and 46.6% had VitD deficiency
(25). Similarly, Hu et al. found that 71.74% of 22,130
individuals in the US population had insufficient VitD
levels (26). A growing body of evidence links low VitD
status to chronic disease risk and to alterations in immune

and inflammatory pathways. However, few studies have
investigated the relationship between VitD and systemic
inflammatory markers.

Patients with VitD deficiency often exhibit higher levels
of inflammatory markers, suggesting a more pronounced
inflammatory state and a potential link between VitD
deficiency and heightened inflammatory response (27, 28).
Okuyan et al. demonstrated that the SII was significantly
increased in children with VitD deficiency. Collectively,
these findings support an association between VitD
deficiency and elevated systemic inflammatory mark-
ers, consistent with the proposed immunomodulatory
and anti-inflammatory properties of VitD (20). Ganji
et al. found elevated C-reactive protein (CRP) levels in
American adults with VitD deficiency (29). Additionally,
Bueloni et al. conducted a randomized, double-blind,
placebo-controlled trial, which revealed that VitD supple-
mentation improved immune-inflammatory biomarkers
in young postmenopausal women (30). These studies indi-
cate that individuals with severe VitD deficiency typically
exhibit higher levels of inflammation. However, most pre-
vious studies have been conducted in Western populations
or specific groups. To our knowledge, this study is the
first to explore the relationship between VitD status and

Table 3. Linear regression analysis assessing the association between VitD levels and AISI

Model | Model 2 Model 3
Variables
B (95% Cl) P B (95% Cl) P B (95% ClI) P
Sufficient 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Insufficient 4.05 (0.16 ~ 7.94) 0.041 3.57 (—0.32 ~ 7.46) 0.072 1.74 (—2.12 ~ 5.60) 0.378
Deficient 12.68 (8.92 ~ 16.44) <0.001 13.67 (9.80 ~ 17.54) <0.001 11.76 (791 ~ 15.61) <0.00I
Severely deficient 16.39 (11.16 ~21.63) <0.001 19.99 (14.52 ~ 25.45) <0.001 18.31 (12.87 ~ 23.76) <0.001

Modell: Crude.
Model2:Adjust for age and sex.

Model3: Model2 + Adjust for LDL-C, TG, UA, FBG,ALB, ALT,ALP, Scr, and hemoglobin.

LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; UA: uric acid; FBG: fasting blood glucose; ALB: albumin; ALT: alanine transaminase;
ALP: alkaline phosphatase; Scr: serum creatinine; AlSI: aggregate index of systemic inflammation;VitD:Vitamin D.

Table 4. Linear regression analysis assessing the association between VitD levels and PLR

Model | Model 2 Model 3
Variables
B (95% Cl) P B (95% Cl) P B (95% Cl) P
Sufficient 0.00 (Reference) 0.00 (Reference) 0.00 (Reference)
Insufficient 1.77 (0.51 ~ 3.03) 0.006 0.67 (—0.57 ~ 1.92) 0.288 0.60 (—0.61 ~ 1.81) 0.333
Deficient 7.38 (6.16 ~ 8.61) <0.001 2.98 (1.74 ~ 4.22) <0.001 1.91 (0.70 ~ 3.13) 0.002
Severely deficient 13.89 (12.19 ~ 15.59) <0.001 5.39 3.64 ~7.13) <0.001 2.27 (0.56 ~ 3.98) 0.009

Modell: Crude.
Model2:Adjust for age and sex.

Model3: Model2 + Adjust for LDL-C, TG, UA, FBG,ALB,ALT,ALP, Scr, and hemoglobin.

LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; UA: uric acid; FBG: fasting blood glucose; ALB: albumin; ALT: alanine transaminase;
ALP: alkaline phosphatase; Scr: serum creatinine; PLR: platelet to lymphocyte ratio;VitD:Vitamin D.
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three systemic inflammatory markers in a large sample of
apparently healthy Chinese adults.

We conducted a cross-sectional analysis of 51,521
healthy individuals undergoing physical examinations, rep-
resenting the first study to systematically evaluate the rela-
tionship between VitD levels and systemic inflammatory
markers (SII, PLR, and AISI). The results showed that the
levels of all three inflammatory indicators in individuals
with severe VitD deficiency were significantly higher than
in those with normal VitD levels, consistent with findings
of previous studies. Although the Spearman’s correlation
coefficient between VitD and inflammatory indicators is
relatively weak, given that the subjects in this study were all
healthy individuals who underwent routine physical exam-
inations, their systemic inflammatory markers were typi-
cally within the normal range. These numerical ranges are
relatively narrow, which may limit the significance of the
correlation coefficient. Moreover, systemic inflammation
is a complex characteristic influenced by multiple factors,
and the VitD level may only account for a small part of
the variability. However, it still suggests a significant con-
tribution. More importantly, the linear regression analyses
further confirmed that, even after adjusting for multiple
potential confounding factors, severely deficient VitD lev-
els remained independently associated with elevated SII
(B =15.33), PLR (B = 2.27), and AISI (§ = 18.31).

These findings have several significant clinical impli-
cations. Firstly, they suggest that VitD deficiency may be
a modifiable factor for chronic low-grade inflammation.
VitD is widely expressed in immune cells through VDR,
which can inhibit the production of pro-inflammatory
cytokines (such as tumor necrosis factor-o (TNF-o) and
interleukin-6 (IL-6)) and promote the release of anti-in-
flammatory factors such as IL-10 (30, 31). Therefore, VitD
deficiency may lead to an imbalance in immune regula-
tion, thereby promoting systemic inflammatory responses
(2, 4). The elevated SII, PLR, and AISI observed in this
study are manifestations of this inflammatory state in
the blood cell components. Secondly, this study provides
insights into the potential role of VitD in the preven-
tion and treatment of chronic diseases. VitD deficiency
is closely associated with various inflammation-related
diseases, such as cardiovascular diseases, type 2 diabetes,
metabolic dysfunction-associated fatty liver disease, and
autoimmune diseases (29, 32-34). By influencing sys-
temic inflammatory pathways, VitD may affect the onset
and progression of these diseases. Therefore, timely VitD
supplementation in individuals with VitD deficiency may
help to improve bone health and reduce the risk of related
chronic diseases by attenuating chronic inflammation.
Although VitD is not the main driver of inflammation in
healthy individuals, its independent effect is measurable
and may be of great significance for the prevention of
long-term chronic diseases.
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Our findings suggest that severe VitD deficiency is inde-
pendently associated with SII, AIST and PLR, the strength
of these association differs: the effect was strongest on
AISI (B = 18.31), followed by SII (B = 15.33), and weak-
est on PLR (B = 2.27). We speculate that these differences
may reflect distinct pathways and cellular targets under-
lying the anti-inflammatory effects of VitD. AISI showed
the strongest correlation, likely because its formula incor-
porates monocytes. Monocytes, or macrophages, are the
major producers of core pro-inflammatory factors such
as TNF-a and IL-6 and express high levels of VDR, mak-
ing them the primary targets of VitD action. The strong
correlation between VitD deficiency and higher AISI may
therefore indicate that the innate immune inflammatory
pathway mediated by monocytes are particularly sensitive
to VitD status. The association between VitD deficiency
and SII suggests that VitD not only inhibits monocytes
but also suppresses neutrophil chemotaxis and neutro-
phil extracellular traps (NET) formation and regulates
the balance of lymphocyte subsets. The strength of the
association between VitD deficiency and PLR signifi-
cantly weakened after adjusting for factors such as age
and metabolic indicators, suggesting that the impact of
VitD on this pathway may largely be achieved indirectly
by improving the overall metabolic environment. Its direct
independent effect is weaker than its influence on AISI.

However, this study had several limitations. Firstly,
because of the cross-sectional study design, we could not
establish a causal relationship between VitD and inflam-
matory markers. Secondly, although the sample size was
large, participants were recruited from a single medical
center, which may introduced selection bias and limit
generalizability. In addition, data on key determinants
of VitD status, such as sunlight exposure and VitD sup-
plementation, were unavailable. Future studies should
employ prospective cohorts or randomized controlled
trials to determine whether VitD supplementation can
directly reduce the levels of these inflammatory mark-
ers and to establish the ideal blood drug concentration
for anti-inflammatory effects. In addition, incorporating
more detailed immunological indicators would further
clarify the target points of VitD in immune-mediated
inflammation.

Conclusions

VitD levels were independently associated with SII,
AISI, and PLR in this Chinese population. These find-
ings underscore the potential role of VitD in regulat-
ing inflammatory responses, particularly in chronic
diseases caused by immune dysregulation. Future stud-
ies should focus on multicenter, randomized controlled
trials with larger cohorts to validate these findings and
explore the long-term effects of VitD supplementation
on chronic disease prevention. Further elucidation of the
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mechanisms underlying the immunomodulatory effects
of VitD is essential for developing targeted therapeutic
strategies.
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