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systemic inflammation and
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Background: Preserved ratio impaired spirometry (PRISm) represents an
abnormal lung function state distinct from traditional chronic obstructive
pulmonary disease, characterized by unique clinical and epidemiological
features. PRISm has been associated with various health issues, including an
increased risk of metabolic disorders and cardiovascular diseases. Vitamin
D, known for its anti-inflammatory, immunomodulatory, and antioxidant
properties, may play a role in reducing the risk of PRISm. This study aims to
investigate the relationship between vitamin D levels and PRISm, including the
mediating effects of systemic inflammation markers and metabolic indicators in
a population of U.S. adults.

Methods: This cross-sectional study analyzed data from 17,333 participants
from the U.S. National Health and Nutrition Examination Survey, including
1,577 individuals with PRISm and 15,756 without. Baseline characteristics were
assessed, and multivariate logistic regression models were employed to examine
the relationship between vitamin D and PRISm. Mediation analysis was conducted
to explore potential mediating roles of systemic immune-inflammation index
(SIN), triglyceride-glucose (TyG) index, and bilirubin. Nonlinear relationships were
assessed using restricted cubic spline (RCS) models.

Results: The PRISm group had lower median vitamin D levels and distinct
inflammatory and metabolic profiles compared to the non-PRISm group.
Multivariate analysis confirmed an inverse association between vitamin D
levels and PRISm (adjusted OR: 0.989, 95% CI: 0.984-0.994, p < 0.001). RCS
analysis showed a nonlinear protective effect of vitamin D, with risk stabilizing
at levels above 50 nmol/mL. Mediation analysis highlighted bilirubin as a
positive mediator (ACME = —4.11 x 107°, p < 0.001), while TyG demonstrated a
suppressive mediation effect (ACME = 2.68 x 1075, p < 0.001). SlI did not show
significant mediation.

Conclusion: Elevated vitamin D levels are linked to a lower risk of PRISm,
with bilirubin potentially acting as a mediator in this protective relationship.
This underscores the clinical significance of maintaining sufficient vitamin D
levels to promote lung health and mitigate the prevalence of PRISm among
U.S. adults. Further research is warranted to investigate personalized vitamin D
supplementation strategies as a potential preventive approach.
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Introduction

Preserved ratio impaired spirometry (PRISm) is a condition in
pulmonary function testing characterized by a preserved FEV1/FVC
ratio (>0.70) but reduced FEV1 (<80% of the predicted value),
indicating impaired expiratory flow without meeting COPD criteria
(1). Epidemiological studies of PRISm show that its prevalence in the
general population ranges from approximately 10 to 12%, depending
on the study population and specific definitions used (2-4). PRISm
has been strongly associated with metabolic disorders and
cardiovascular risk factors, such as obesity, insulin resistance, and
chronic inflammation, with research indicating that individuals with
PRISm are generally at an increased risk of all-cause mortality,
particularly mortality related to cardiovascular conditions (5-7).

Vitamin D is a fat-soluble vitamin that is primarily synthesized in
the skin through sunlight exposure, but it can also be obtained from
certain foods (8). The relationship between vitamin D and respiratory
diseases has become a growing area of research (9). Studies have shown
that vitamin D is vital for regulating the immune system, controlling
inflammatory responses, and maintaining lung function (10). Low
levels of vitamin D are closely associated with the development and
progression of various respiratory diseases, including asthma, chronic
obstructive pulmonary disease (COPD), acute respiratory infections,
and other pulmonary conditions (11-13). However, there is a lack of
systematic research in the existing literature regarding the association
between vitamin D and preserved ratio impaired spirometry (PRISm).

Therefore, we investigated the relationship between vitamin D and
preserved ratio impaired spirometry (PRISm) using data from the
National Health and Nutrition Examination Survey (NHANES).
Chronic inflammation is a hallmark of impaired lung function and is
associated with the pathogenesis of lung injury (14). The systemic
immune inflammation index (SII), derived from neutrophils,
lymphocytes, and platelet counts, is a robust biomarker of systemic
inflammation. Vitamin D can modulate inflammatory pathways, and its
deficiency is often linked to exacerbated inflammation (15). This makes
SII an ideal biomarker for exploring the inflammatory mechanisms
underlying the relationship between vitamin D and PRISm. The
triglyceride-glucose (TyG) index is a reliable surrogate marker of insulin
resistance (16). Insulin resistance exacerbates inflammation and
oxidative stress, leading to decreased lung function (17), whereas
vitamin D can improve insulin sensitivity and alleviate metabolic
dysfunction (18). On the other hand, bilirubin, a potent endogenous
antioxidant, neutralizes reactive oxygen species (ROS) and mitigates
oxidative damage (19), a key mechanism of lung function decline and
vitamin D metabolism (20). Elevated bilirubin levels are associated with

Abbreviations: PRISm, Preserved ratio impaired spirometry; Sll, Systemic immune-
inflammation index; TyG, Triglyceride-glucose index; FEV1, First second forced
expiratory volume; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase;
PIR, Poverty income ratio; BMI, Body mass index; eGFR, Estimated glomerular

filtration rate; RCS, Restricted cubic spline.
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improved lung function indicators (21), making it a valuable mediator
for exploring the oxidative mechanisms between vitamin D and PRISm.
To investigate potential mechanisms, we considered the SII, TyG
index, and bilirubin as mediators of inflammation, metabolic
dysfunction, and oxidative stress, respectively. These mediators
provide insights into the roles of inflammation, metabolism, and
oxidative stress in the relationship between vitamin D and PRISm.

Methods
Study and data

This study is based on data from the NHANES cross-sectional
database, specifically covering lung function measurements from three
NHANES cycles (2007-2008, 2009-2010, and 2011-2012). The study
population includes U.S. adults aged 20 to 79 who meet the criteria for
valid spirometry testing. Lung function, the primary variable, was
extracted from NHANES examination data, while vitamin D levels were
obtained from laboratory data. Participants with missing data on lung
function or with missing variables for forced expiratory volume in one
second (FEV1) was excluded and vitamin d was extracted through
laboratory data. The participant selection flowchart is shown in Figure 1.
The dataset is available at https://www.cdc.gov/nchs/nhanes/index htm.

Definitions of PRISm, TyG, and SlI

Preserved ratio impaired spirometry (PRISm) was defined as a
forced expiratory volume in one second/forced vital capacity ratio
(FEV1/EVC) >0.7 with an abnormal spirometry result (FEV1 <80% of
the predicted value) (22). Predicted FEV1 values were calculated using

NHANES 2007-2012

N = 30,442
Excluded missing lung
function and variables
needed to estimate
PRISm

N = 19,448
Excluded missing Vitamin
D variables

N=17,333

FIGURE 1
Flowchart for the study on preserved ratio impaired spirometry
(PRISm) and vitamin D.
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the Global Lung Function Initiative (GLI-2012) reference equations,
implemented via specialized software available at https://gli-calculator.
ersnet.org/index.html (23). Triglyceride-glucose (TyG) index is an
indicator used to assess insulin resistance, calculated with the following
formula: TyG index=Ln [fasting triglyceride (mg/dL) x fasting
glucose (mg/dL)/2] (16). Systemic immune-inflammation index (SII)
reflects an individual’s inflammatory state and is computed as:
SII = Neutrophil count x Platelet count/Lymphocyte count.

Covariates

Demographic information, including age, gender, ethnicity, and
poverty income ratio (PIR), as well as health behaviors like smoking
status and alcohol use, and medical history of cardiovascular disease
and stroke, were gathered from NHANES using standardized
questionnaires. Ethnicity was divided into categories: Mexican
American, other Hispanic, non-Hispanic White, non-Hispanic Black,
and other races. PIR was calculated as the ratio of family income to
the federal poverty level per Department of Health and Human
Services guidelines, with income levels classified as low (<1.30),
middle (1.31-3.50), and high (>3.50) (24). Body mass index (BMI)
was computed as weight (kg) divided by height (m*) and grouped into
normal weight (BMI <25 kg/m?), overweight (25 kg/m* <BMI <30 kg/
m?), and obese (BMI >30 kg/m?). Laboratory measures included
cotinine, ALT, AST, bilirubin and creatinine, with eGFR calculated via
the CKD-EPI equation (25). Cardiovascular disease and stroke were
determined through affirmative answers to the question, “Has a
doctor or health professional ever told you that you had congestive
heart failure, coronary heart disease, angina, heart attack, or stroke?”
Alcohol consumption was assessed by asking, “Have you had at least
12 alcoholic drinks in the past year?” Smoking status was evaluated
based on responses to two questions: “Have you smoked at least 100
cigarettes in your lifetime?” and “Do you currently smoke?”

Analysis of mediation

Parallel mediation analysis was conducted using the “Mediation”
package in R software (version 4.0.0) with 1,000 bootstrap samples to
evaluate the mediating roles of SII, TyG, and bilirubin in the
relationship between vitamin D and PRISm risk. The direct effect
represents the portion of vitamin D’s impact on PRISm that is not
mediated by these factors, while the indirect effect reflects the portion
mediated through them. The proportion of mediation was calculated
as the ratio of the indirect effect to the total effect.

Statistical analysis

We conducted weighted analyses following NHANES guidelines.
Continuous variables that did not follow a normal distribution were
presented as medians and interquartile ranges, and group comparisons
were performed using the Mann-Whitney U test. Categorical
variables were expressed as proportions, with group comparisons
conducted via the y* test. For ordinal variables, proportions were used,
and comparisons between groups were made with the Mann-Whitney
U test. Multivariable logistic regression models were applied to
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examine the association between vitamin D and PRISm. Model 1 was
unadjusted; Model 2 adjusted for sex, age, race, and PIR; and Model 3
adjusted for all covariates (sex, age, race, PIR, SII, TyG. bilirubin, BMI,
cotinine, AST, ALT, and eGFR creatinine clearance, cardiovascular
disease, stroke, alcohol consumption, and smoking status). Subgroup
and interaction analyses were conducted to explore the relationship
between vitamin D and PRISm across different population groups. To
evaluate potential non-linear associations, we used restricted cubic
spline analysis.

All statistical analyses were performed using R software (version
4.0.0) and SPSS (version 25.0), with statistical significance set at
p <0.05.

Results

The baseline characteristics of the study participants, stratified by
preserved ratio impaired spirometry (PRISm) status, revealed
significant differences across multiple variables (Table 1). The total
sample included 17,333 individuals, with 1,577 in the PRISm group and
15,756 in the non-PRISm group. Median vitamin D levels were lower
in the PRISm group than in the non-PRISm group [53.10 (Q,, Q;: 37.30,
69.10) vs. 61.20 (Q,, Q5: 45.68, 77.00), p < 0.001]. Inflammatory markers
such as the systemic immune-inflammation index (SII) were also lower
in the PRISm group [409.09 (Q,, Qs: 278.85, 596.99) vs. 435.65 (Q,, Qs:
311.71, 619.03), p < 0.001], while the TyG index was slightly higher in
the PRISm group [8.60 (Q,, Qs: 8.17, 9.20) vs. 8.53 (Q;, Q;: 8.06, 9.04),
P <0.001]. Bilirubin levels were significantly lower in the PRISm group
[0.60 (Qi, Qy: 0.50, 0.80) vs. 0.70 (Q,, Qs: 0.60, 0.90), p < 0.001].

The PRISm group had a slightly older median age [41.00 (Q,, Qs
24.00, 56.00) vs. 38.00 (Q,, Qs 20.00, 54.00), p = 0.001] and higher
cotinine levels [0.08 (Q;, Q;: 0.02, 1.58) vs. 0.05 (Q,, Q;: 0.02, 1.21),
P <0.001]. Renal function, as measured by eGFR, was lower in the
PRISm group [87.23 (Q,, Qs 65.49, 107.28) vs. 93.54 (Q,, Q;: 71.72,
113.06), p < 0.001]. No significant difference in sex distribution or
smoking status was observed between the groups. However, alcohol
consumption patterns differed significantly, with a lower percentage
of current drinkers in the PRISm group (63.44% vs. 75.49%, p < 0.001).
Race and ethnicity varied, with a higher percentage of non-Hispanic
Black individuals in the PRISm group (55.23% vs. 19.10%, p < 0.001).
The PRISm group also had a higher prevalence of obesity (BMI >30)
at 38.85%, compared to 27.66% in the non-PRISm group (p < 0.001).
Comorbidities were more prevalent in the PRISm group, with higher
rates of heart disease (11.05% vs. 5.10%, p < 0.001), stroke (4.29% vs.
2.00%, p<0.001), and diabetes (15.75% vs. 6.56%, p < 0.001).
Socioeconomic status, as indicated by the poverty-to-income ratio
(PIR), also showed significant variation, with the PRISm group having
a higher proportion in the lowest PIR category (<1.3) compared to the
non-PRISm group (38.96% vs. 35.93%, p < 0.001).

Logistic regression analysis

In the multivariate logistic regression analysis examining the
association between vitamin D and PRISM, three models were
constructed with increasing adjustment for potential confounders
(Table 2). In Model 1, without any adjustments, the odds ratio (OR)
for vitamin D was 0.982 (95% CI: 0.978, 0.987; p < 0.001), indicating
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TABLE 1 The baseline characteristics of the study participants.

Variables Total (n = 17,333) Non-PRISm (n = 15,756) PRISm (n = 1,577) Statistic
Vitamin D (nmol/mL), M
60.60 (44.90, 76.40) 61.20 (45.68, 77.00) 53.10 (37.30, 69.10) —-12.57 <0.001
(Q1, Q)
SIIL, M (Q1, Qs) 433.06 (308.62, 617.60) 435.65 (311.71, 619.03) 409.09 (278.85, 596.99) —5.03 <0.001
TyG, M (Q1, Qs) 8.54 (8.07, 9.05) 8.53 (8.06, 9.04) 8.60 (8.17, 9.20) —4.36 <0.001
Bilirubin (mg/dL), M (Qi, Qs) 0.70 (0.60, 0.90) 0.70 (0.60, 0.90) 0.60 (0.50, 0.80) —5.89 <0.001
Age, M (Q1, Qs) 39.00 (21.00, 54.00) 38.00 (20.00, 54.00) 41.00 (24.00, 56.00) -3.25 0.001
Cotinine (ng/mL), M (Q1, Qs) 0.05 (0.02, 1.25) 0.05 (0.02, 1.21) 0.08 (0.02, 1.58) —6.55 <0.001
eGFR (mL/min/1.73 m?), M
92.88 (71.14, 112.56) 93.54 (71.72, 113.06) 87.23 (65.49, 107.28) —7.24 <0.001
(Ql’ Q3)
ALT (U/L), M (Q1, Q3) 20.00 (16.00, 27.00) 20.00 (16.00, 27.00) 20.00 (16.00, 27.00) —0.38 0.707
AST (U/L), M (Qu, Qs) 23.00 (20.00, 28.00) 23.00 (20.00, 28.00) 23.00 (19.00, 28.00) —1.41 0.158
Sex, n (%) 0.00 0.981
Male 8,776 (50.63) 7,978 (50.63) 798 (50.60)
Female 8,557 (49.37) 7,778 (49.37) 779 (49.40)
Race, 11 (%) 1134.74 <0.001
Mexican American 3,228 (18.62) 3,102 (19.69) 126 (7.99)
Other Hispanic 1,938 (11.18) 1,824 (11.58) 114 (7.23)
Non-Hispanic White 6,700 (38.65) 6,395 (40.59) 305 (19.34)
Non-Hispanic Black 3,881 (22.39) 3,010 (19.10) 871 (55.23)
Other race 1,586 (9.15) 1,425 (9.04) 161 (10.21)
PIR, n (%) —4.18 <0.001
<13 5,787 (36.20) 5,224 (35.93) 563 (38.96)
>1.3and <3.5 5,682 (35.54) 5,124 (35.24) 558 (38.62)
>35 4,517 (28.26) 4,193 (28.84) 324 (22.42)
BMI (kg/m?), n (%) —6.50 <0.001
<25 7,556 (43.82) 6,936 (44.21) 620 (39.95)
25-30 4,743 (27.51) 4,414 (28.13) 329 (21.20)
>30 4,943 (28.67) 4,340 (27.66) 603 (38.85)
Smoke, 1 (%) 0.01 0.908
Yes 5,366 (45.08) 4,871 (45.06) 495 (45.25)
No 6,537 (54.92) 5,938 (54.94) 599 (54.75)
Alcohol, n (%) 71.66 <0.001
Yes 8,444 (74.40) 7,788 (75.49) 656 (63.44)
No 2,906 (25.60) 2,528 (24.51) 378 (36.56)
Heart disease, n (%) 65.91 <0.001
No 11,235 (94.35) 10,261 (94.90) 974 (88.95)
Yes 673 (5.65) 552 (5.10) 121 (11.05)
Stroke, 1 (%) 24.17 <0.001
Yes 263 (2.21) 216 (2.00) 47 (4.29)
No 11,634 (97.79) 10,586 (98.00) 1,048 (95.71)
Diabetes, 1 (%) 183.32 <0.001
Yes 1,281 (7.40) 1,033 (6.56) 248 (15.75)
No 15,796 (91.19) 14,501 (92.09) 1,295 (82.22)
Borderline 245 (1.41) 213 (1.35) 32(2.03)

PRISm, preserved ratio impaired spirometry; SII, systemic immune-inflammation index; TyG, triglyceride-glucose index; BMI, body mass index; eGFR, estimated glomerular filtration rate;
ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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TABLE 2 Multivariate logistic regression analysis of the association between vitamin D and PRISm across different models.

Model 1

OR (95% CI)

Model 2

OR (95% Cl)

Model 3

OR (95% Cl)

Vitamin D (nmol/mL) 0.982 (0.978, 0.987) <0.001 0.987 (0.983,0.991) <0.001 0.989 (0.984, 0.994) <0.001
Categories

Q, (<44.90) Reference / Reference / Reference /
Q, (44.90-60.60) 0.571 (0.48, 0.68) <0.001 0.699 (0.583, 0.838) <0.001 0.674 (0.533, 0.851) 0.002
Q; (60.60-76.40) 0.409 (0.333, 0.502) <0.001 0.514 (0.421, 0.628) <0.001 0.519 (0.383, 0.705) <0.001
Q, (>76.40) 0.324 (0.253, 0.414) <0.001 0.434 (0.34, 0.554) <0.001 0.478 (0.358, 0.636) <0.001
p for trend / <0.001 / <0.001 / <0.001

Model 1: unadjusted; Model 2: adjusted for gender, age, ethnicity, and poverty income ratio; Model 3: adjusted for all covariates (gender, age, ethnicity, PIR, SII, TyG, bilirubin, BMI, cotinine,
AST, ALT, GFR creatinine clearance, cardiovascular disease, stroke, alcohol consumption, and smoking status); PRISm, preserved ratio impaired spirometry; OR, odds ratio; CI, confidence

interval.

a significant inverse association between vitamin D and PRISM. Model
2 adjusted for sex, age, race, and poverty-income ratio (PIR), resulting
in an OR of 0.987 (95% CI: 0.983, 0.991; p < 0.001), showing a slight
attenuation in the inverse association. Model 3, further adjusted for
SII, TyG, bilirubin, BMI, cotinine levels, AST, ALT, estimated
glomerular filtration rate (eGFR), history of cardiovascular disease,
stroke, alcohol consumption, smoking, and diabetes, yielded an OR of
0.989 (95% CI: 0.984, 0.994; p < 0.001). Although the strength of the
association was further attenuated, the inverse relationship between
vitamin D and PRISM remained statistically significant. Additionally,
when categorized into quartiles, higher vitamin D levels (Q,-Q,) were
consistently associated with lower odds of PRISM, with a statistically
significant trend across all models (p for trend <0.001).

Nonlinear analysis

The restricted cubic spline (RCS) plot illustrates the nonlinear
association between vitamin D levels and the odds ratio (OR) of
PRISm (Figure 2). As shown in the graph, lower vitamin D levels are
associated with a higher risk of PRISm. The curve demonstrates a
sharp decline in the odds ratio as vitamin D levels increase from very
low values, approaching an OR of 1.0 around a vitamin D level of
50 nmol/L. Beyond this level, the association continues to decline,
stabilizing near an OR of 1.0 around 60.6 nmol/L (dashed vertical
line). This indicates that higher vitamin D levels are associated with a
stable or slightly reduced risk of PRISm. Both the overall trend and
the nonlinear relationship are statistically significant (p-overall <0.001
and p-nonlinear <0.001).

Subgroup and interaction analysis

The subgroup analysis shows that the association between vitamin
D levels and the odds of PRISm varies slightly across different
demographic and socioeconomic groups. Overall, the odds ratio (OR)
for PRISm per unit increase in vitamin D is 0.989 (95% CI: 0.984,
0.994, p <0.001), indicating a protective effect of higher vitamin
D levels.

When analyzed by gender, the effect was significant for both males
(OR =0.988, 95% CI: 0.980, 0.996, p = 0.004) and females (OR = 0.990,
95% CI: 0.985, 0.995, p < 0.001). Age stratification showed significant
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effects in both age groups: individuals younger than 40 years had an
OR 0f 0.985 (95% CI: 0.974, 0.996, p = 0.010), while those 40 years or
older had an OR of 0.990 (95% CI: 0.983, 0.997, p = 0.004). Race and
ethnicity groups exhibited varying levels of significance. While most
groups did not reach statistical significance, non-Hispanic Black
participants showed a borderline association (OR = 0.994, 95% CI:
0.988, 1.000, p = 0.054). In terms of poverty-to-income ratio (PIR), the
association remained significant across all subgroups, with stronger
effects observed in participants with a PIR between 1.3 and 3.5
(OR =0.986, 95% CI: 0.978, 0.993, p = 0.001) and a weaker effect in
those with PIR >3.5 (OR = 0.993, 95% CI: 0.986, 1.000, p = 0.041). The
interaction p-values suggest no significant effect modification by
gender (p = 0.434), age (p = 0.771), race/ethnicity (p = 0.744), or PIR
(p = 0.854), indicating that the association between vitamin D levels
and PRISm is consistent across these subgroups (Table 3).

Mediation analysis

The mediation analysis revealed distinct roles of SII, TyG, and
bilirubin in the association between vitamin D levels and PRISm
(Figure 3). Figure 3A indicated that SII did not serve as a significant
mediator (ACME = —9.75 x 107%, p = 0.084), suggesting that systemic
inflammation, as represented by SII, does not contribute to the
mediating pathway between vitamin D and PRISm. In contrast,
Figure 3B showed that TyG had a statistically significant mediating
effect (ACME =2.68x107°, p<0.001), but the proportion of
mediation was negative (—1.05%), indicating that while the pathway
is significant, its contribution may have an inverse or suppressive
influence in the overall association. This negative mediation
proportion suggests complexities in the metabolic pathways linking
vitamin D to lung function. Figure 3C demonstrated that bilirubin
acted as a significant mediator (ACME = —4.11 x 107, p < 0.001),
with a positive mediation proportion of 1.66%, underscoring its
potential role in mediating the protective effects of vitamin D
on PRISm.

Discussion

Preserved ratio impaired spirometry (PRISm) is receiving
increasing attention due to its high prevalence and strong association
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FIGURE 2
Nonlinear association between vitamin D levels and odds of preserved ratio impaired spirometry.

TABLE 3 Subgroup analysis of the association between vitamin D levels and odds of preserved ratio impaired spirometry.

Subgroup OR (95% Cl) p p for interaction
Overall ‘ 0.989 (0.984, 0.994) <0.001
Gender 0.434
Male 0.988 (0.980, 0.996) 0.004
Female 0.990 (0.985, 0.995) <0.001
Age 0.771
<40 0.985 (0.974, 0.996) 0.010
>40 0.990 (0.983, 0.997) 0.004
Race 0.744
Mexican American 0.983 (0.961, 1.004) 0.114
Other Hispanic 0.999 (0.983, 1.015) 0.902
Non-Hispanic White 0.998 (0.990, 1.006) 0.671
Non-Hispanic Black 0.994 (0.988, 1.000) 0.054
Other race 0.998 (0.983,1.013) 0.774
PIR 0.854
<13 0.990 (0.982, 0.998) 0.013
>1.3and <3.5 0.986 (0.978, 0.993) 0.001
>3.5 0.993 (0.986, 1.000) 0.041

with disease progression. Studies indicate that 22.2 to 35.8% of
individuals with PRISm are expected to develop COPD within 5 years,
highlighting its importance as a target for early intervention (4).
Additionally, PRISm is associated with multiple health conditions,
including cardiovascular disease, metabolic syndrome, and increased
all-cause mortality, underscoring its complex impact on overall health
and prognostic value (5-7). Therefore, early identification and
management of PRISm are essential for preventing disease progression
and improving patient outcomes. Vitamin D is an essential fat-soluble
vitamin that plays a critical role in regulating calcium and phosphorus
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metabolism, maintaining bone health, and supporting various
physiological functions. Its anti-inflammatory effects are achieved
through the regulation of immune cell activity and cytokine secretion,
linking it closely to respiratory diseases such as COPD and respiratory
infections (9, 11-13).

The results of this study demonstrate a significant inverse
association between vitamin D levels and PRISm. Vitamin D levels
in the PRISm group were markedly lower than those in the
non-PRISm group. In the unadjusted model, each unit increase in
vitamin D was significantly associated with a reduced risk of PRISm.
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Mediation analysis of the association between vitamin D levels and preserved ratio impaired spirometry (PRISm) using systemic inflammatory index (Sll),
triglyceride-glucose index (TyG), and bilirubin as mediators. (A) Mediation analysis using systemic inflammatory index (SlI) as the mediator.
(B) Mediation analysis using triglyceride-glucose index (TyG) as the mediator. (C) Mediation analysis using bilirubin as the mediator (ACME, average

Although this association was somewhat attenuated after adjusting
for sex, age, race, and socioeconomic factors (such as poverty-to-
income ratio), it remained statistically significant. In the fully
adjusted model, higher vitamin D levels continued to be associated
with a lower risk of PRISm. These findings suggest that vitamin D
deficiency may be an important risk factor for impaired lung
function. Vitamin D exerts its anti-inflammatory effects by
regulating immune cell activity and cytokine secretion, inhibiting
the release of pro-inflammatory cytokines (e.g., IL-6, TNF-a, IL-2),
and promoting the production of anti-inflammatory cytokines (e.g.,
IL-4, IL-5, IL-10) (10, 26). This regulation helps reduce chronic
inflammation-related damage to lung tissue, thereby protecting lung
function. By binding to the vitamin D receptor (VDR) within the
immune system, vitamin D modulates the activity of T cells and
macrophages, balancing the Th1/Th2 cell response and preventing
tissue damage caused by excessive immune responses and
inflammatory cytokine release (27). The absence of VDR in airway
epithelial cells can lead to a loss of epithelial integrity (28).
Additionally, vitamin D mitigates lung injury by stimulating
epithelial repair, reducing epithelial cell apoptosis, and inhibiting
TGEF-B-induced epithelial-to-mesenchymal transition (29).

In the subgroup analysis, the association between vitamin D levels
and PRISm in non-Hispanic Black participants showed borderline
significance (p =0.054), potentially indicating a weaker or less
consistent relationship compared to other subgroups. Studies have
shown that vitamin D deficiency is more prevalent among
non-Hispanic Black individuals, with 11.9% having levels below
25nmol/L, a proportion significantly higher than in other racial
groups (30). Potential racial differences in vitamin D metabolism,
such as genetic variations affecting its bioavailability and the presence
of melanin in darker skin reducing ultraviolet penetration and
subsequent vitamin D3 synthesis, may contribute to lower 25(OH)D
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levels (31, 32). Further investigations into targeted interventions or the
unique risk profiles of non-Hispanic Black individuals may help
clarify the observed trends.

In the mediation analysis, bilirubin emerged as a positive mediator
in the relationship between vitamin D and PRISm. Bilirubin is widely
recognized for its antioxidant properties, which enable it to neutralize
reactive oxygen species (ROS) and mitigate oxidative stress (33).
Studies have shown that bilirubin levels are negatively correlated with
the severity and progression of COPD (34). Oxidative stress and
oxidative damage play critical roles in the pathogenesis of COPD,
where oxidative stress products damage cellular DNA, lipids,
carbohydrates, and proteins, initiating a series of pathological
processes that contribute to the onset and progression of COPD (35).
Bilirubin, with its antioxidant and anti-inflammatory properties, can
protect lung tissue by scavenging reactive oxygen species (ROS) and
alleviating oxidative stress (34, 36). Therefore, the potential clinical
importance of maintaining adequate bilirubin levels as part of an
antioxidative defense mechanism in preventing or managing PRISm.
In contrast, the TyG index, a reliable marker of insulin resistance,
exhibited a suppressive effect in the mediation analysis. This suggests
that insulin resistance, reflected by elevated TyG levels, may counteract
some of the protective effects of vitamin D on PRISm. Insulin
resistance is known to exacerbate systemic inflammation and oxidative
stress, both of which are detrimental to lung function (17). However,
vitamin D plays a crucial role in modulating these metabolic pathways
by improving insulin sensitivity and reducing chronic inflammation
(15, 18). Therefore, despite the suppressive effect of TyG, vitamin D
exerts an overall beneficial influence on metabolic health, which
contributes to lowering the risk of PRISm. These findings highlight
the complex interplay between vitamin D, oxidative stress, and
metabolic dysfunction, offering insights into potential therapeutic
strategies targeting these pathways.
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Compared to traditional linear or polynomial models, restricted
cubic spline (RCS) analysis offers greater precision in detecting
thresholds and inflection points, enabling a clearer understanding of
dose-response relationships (37). Non-linear analysis using RCS
curves revealed a significant increase in PRISm risk at lower vitamin
D levels. As vitamin D levels reached approximately 50 nmol/L, the
risk declined sharply and began to stabilize, with the odds ratio
approaching 1.0. Beyond this point, the association continued to
flatten, stabilizing further around 60.6 nmol/L (dashed vertical line),
which represents the level at which the risk of PRISm is minimized.
Based on these findings, maintaining vitamin D levels at or above
60.6 nmol/L may provide the greatest reduction in PRISm risk.
However, levels above 50 nmol/L already reflect a significant reduction
in risk, suggesting that public health strategies should prioritize
addressing vitamin D deficiency (levels below 50 nmol/L) to mitigate
the risk of PRISm effectively.

In conclusion, vitamin D may have a potential protective effect
on PRISm. Preliminary explorations of its mechanisms suggest
that vitamin D might play a role in the complex physiological and
metabolic networks, particularly through mechanisms such as
oxidative stress and insulin resistance. From a clinical perspective,
physicians should consider incorporating the monitoring and
management of vitamin D levels as part of a preventive strategy
for populations at risk of PRISm and other related respiratory
diseases. Including vitamin D assessments in routine clinical
practice would help identify high-risk individuals and guide
personalized interventions. Future intervention studies should
focus on determining the optimal dose of vitamin D
supplementation and its potential clinical applications in the
prevention of PRISm.

Limitations

This study revealed an important association between vitamin D
levels and PRISm and explored the mediating roles of biomarkers such
as SII, TyG, and bilirubin. However, there are certain limitations and
shortcomings. Firstly, the cross-sectional design of the study limits the
ability to infer causality; although significant associations were found,
a causal relationship between vitamin D levels and PRISm cannot
be established. Secondly, the study relied on self-reported data and
laboratory measurements from the NHANES database, which may
be subject to information bias or measurement errors, affecting the
precision of the findings.

Regarding the mediation analysis, while SII, TyG, and bilirubin
provided insights into the potential mechanisms linking vitamin D
and PRISm, these indicators have their limitations. For instance, SII,
as an inflammatory marker, may not fully capture the complexity of
chronic inflammation and is susceptible to acute physiological
fluctuations. The TyG index, though commonly used to assess insulin
resistance, may vary in applicability across different populations and
may not encompass all metabolic pathways. Although bilirubin
showed a positive mediating effect, its levels are influenced by factors
such as liver function and diet, which could lead to confounding.
Additionally, mediation analysis relies on a series of model
assumptions that may not entirely reflect the real conditions of
complex biological systems, potentially impacting the robustness of
the conclusions.
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Despite efforts to adjust for confounders such as age, sex, race,
and socioeconomic status, the potential impact of residual
confounding cannot be fully excluded. Moreover, as the sample was
primarily derived from the U.S. population, the generalizability of the
findings to other regions or ethnic groups may be limited due to
potential differences in genetic, environmental, and dietary factors
that influence vitamin D metabolism and respiratory health.
Additionally, the use of a single time-point measurement for vitamin
D may not fully capture long-term status due to seasonal or temporal
variability. Future research should adopt longitudinal designs and
experimental studies, such as randomized clinical trials, to establish
causal pathways, validate these findings across diverse populations,
and further explore other potential mediators to ensure the
robustness and broader applicability of the results.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by the National
Health and Nutrition Examination Surveys (NHANES) program
received approval from the National Center for Health Statistics
Research (NCHS) Ethics Review Board, and all survey participants
consented by signing a consent form. The NCHS permits researchers
to utilize the data they provide for research purposes. Prior to public
release, the NCHS anonymizes NHANES data, ensuring anonymity
throughout analysis. Hence, no additional ethical approval or
informed consent was necessary for our secondary data analysis in
this study. Further information regarding the NCHS Research Ethics
Review Board Approval is available on the NHANES website (https://
www.cde.gov/nchs/nhanes/irba98.htm). The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation was not required from the
participants or the participants’ legal guardians/next of kin in
accordance with the national legislation and institutional requirements.

Author contributions

TL: Conceptualization, Data curation, Visualization, Writing —
original draft, Writing - review & editing. SH: Data curation, Formal
analysis, Validation, Visualization, Writing — review & editing. FZ:
Methodology, Validation, Writing - review & editing. XS: Data curation,
Methodology, Writing — review & editing. HM: Conceptualization,
Methodology, Visualization, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the Medical and Health Science and Technology Project

frontiersin.org


https://doi.org/10.3389/fnut.2025.1527333
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.cdc.gov/nchs/nhanes/irba98.htm
https://www.cdc.gov/nchs/nhanes/irba98.htm

Linetal.

of Zhejiang Province (2023KY242) and Scientific Research Fund of
Zhejiang Province Education Department (Y202043331).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

References

1. Wan ES. The clinical spectrum of PRISm. Am ] Respir Crit Care Med. (2022)
206:524-5. doi: 10.1164/rccm.202205-0965ED

2. Wan ES, Castaldi P], Cho MH, Hokanson JE, Regan EA, Make BJ, et al.
Epidemiology, genetics, and subtyping of preserved ratio impaired spirometry (PRISm)
in COPDGene. Respir Res. (2014) 15:89. doi: 10.1186/512931-014-0089-y

3. Higbee DH, Granell R, Davey Smith G, Dodd JW. Prevalence, risk factors, and
clinical implications of preserved ratio impaired spirometry: a UK Biobank
cohort analysis. Lancet Respir Med. (2022) 10:149-57. doi: 10.1016/
$2213-2600(21)00369-6

4. Cadham CJ, Oh H, Han MK, Mannino D, Cook S, Meza R, et al. The prevalence
and mortality risks of PRISm and COPD in the United States from NHANES 2007-2012.
Respir Res. (2024) 25:208. doi: 10.1186/s12931-024-02841-y

5. Zheng ], Zhou R, Zhang Y, Su K, Chen H, Li E, et al. Preserved ratio impaired
spirometry in relationship to cardiovascular outcomes: a large prospective cohort study.
Chest. (2023) 163:610-23. doi: 10.1016/j.chest.2022.11.003

6. Zheng Y, Liu W, Zhu X, Xu M, Lin B, Bai Y. Associations of dietary inflammation
index and composite dietary antioxidant index with preserved ratio impaired spirometry
in US adults and the mediating roles of triglyceride-glucose index: NHANES 2007-2012.
Redox Biol. (2024) 76:103334. doi: 10.1016/j.redox.2024.103334

7. Li G, Jankowich MD, Wu L, Lu Y, Shao L, Lu X, et al. Preserved ratio impaired
spirometry and risks of macrovascular, microvascular complications and mortality
among individuals with type 2 diabetes. Chest. (2023) 164:1268-80. doi: 10.1016/j.
chest.2023.05.031

8. Delrue C, Speeckaert MM. Vitamin D and vitamin D-binding protein in health and
disease. Int ] Mol Sci. (2023) 24:4642. doi: 10.3390/ijms24054642

9. Charoenngam N, Holick ME. Immunologic effects of vitamin D on human health
and disease. Nutrients. (2020) 12:2097. doi: 10.3390/nul12072097

10. Bikle DD. Vitamin D regulation of immune function. Curr Osteoporos Rep. (2022)
20:186-93. doi: 10.1007/s11914-022-00732-z

11. Brustad N, Chawes B. Vitamin D primary prevention of respiratory infections and
asthma in early childhood: evidence and mechanisms. J Allergy Clin Immunol Pract.
(2024) 12:1707-14. doi: 10.1016/j.jaip.2024.02.005

12. Wang Y, Wang J, Chen L, Zhang H, Yu L, Chi Y, et al. Efficacy of vitamin D
supplementation on COPD and asthma control: a systematic review and meta-analysis.
] Glob Health. (2022) 12:04100. doi: 10.7189/jogh.12.04100

13. Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JE, Bergman P, et al.
Vitamin D supplementation to prevent acute respiratory tract infections: systematic
review and meta-analysis of individual participant data. BMJ. (2017) 356:i6583. doi:
10.1136/bm.i6583

14. Hogg JC, Chu E, Utokaparch S, Woods R, Elliott WM, Buzatu L, et al. The nature
of small-airway obstruction in chronic obstructive pulmonary disease. N Engl ] Med.
(2004) 350:2645-53. doi: 10.1056/NEJMo0a032158

15. Querfeld U. Vitamin D and inflammation. Pediatr Nephrol. (2013) 28:605-10. doi:
10.1007/s00467-012-2377-4

16. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, Martinez- Abundis
E, Ramos-Zavala MG, Herndndez-Gonzalez SO, et al. The product of triglycerides and
glucose, a simple measure of insulin sensitivity. Comparison with the euglycemic-
hyperinsulinemic clamp. J Clin Endocrinol Metab. (2010) 95:3347-51. doi: 10.1210/
jc.2010-0288

Frontiers in Nutrition

10.3389/fnut.2025.1527333

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1527333/
full#supplementary-material

17. Khateeb J, Fuchs E, Khamaisi M. Diabetes and lung disease: an underestimated
relationship. Rev Diabet Stud. (2019) 15:1-15. doi: 10.1900/RDS.2019.15.1

18. Szymczak-Pajor I, Sliwiniska A. Analysis of association between vitamin D
deficiency and insulin resistance. Nutrients. (2019) 11:794. doi: 10.3390/nu11040794

19. Creeden JE, Gordon DM, Stec DE, Hinds TD. Bilirubin as a metabolic hormone:
the physiological relevance of low levels. Am ] Physiol Endocrinol Metab. (2021)
320:E191-207. doi: 10.1152/ajpendo.00405.2020

20. Ke C-Y, Yang F-L, Wu W-T, Chung C-H, Lee R-P, Yang W-T, et al. Vitamin D3
reduces tissue damage and oxidative stress caused by exhaustive exercise. Int ] Med Sci.
(2016) 13:147-53. doi: 10.7150/ijms.13746

21. Curjuric I, Imboden M, Adam M, Bettschart RW, Gerbase MW, Kiinzli N, et al.
Serum bilirubin is associated with lung function in a Swiss general population sample.
Eur Respir J. (2014) 43:1278-88. doi: 10.1183/09031936.00055813

22. Wan ES, Balte P, Schwartz JE, Bhatt SP, Cassano PA, Couper D, et al. Association
between preserved ratio impaired spirometry and clinical outcomes in US adults. JAMA.
(2021) 326:2287-98. doi: 10.1001/jama.2021.20939

23. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al. Multi-ethnic
reference values for spirometry for the 3-95-yr age range: the global lung function 2012
equations. Eur Respir J. (2012) 40:1324-43. doi: 10.1183/09031936.00080312

24. Alaimo K, Briefel RR, Frongillo EA Jr, Olson CM. Food insufficiency exists in the
United States: results from the third National Health and nutrition examination survey
(NHANES III). Am J Public Health. (1998) 88:419-26. doi: 10.2105/ajph.88.3.419

25.Inker LA, Eneanya ND, Coresh ], Tighiouart H, Wang D, Sang Y, et al. New
creatinine-and cystatin C-based equations to estimate GFR without race. N Engl ] Med.
(2021) 385:1737-49. doi: 10.1056/NEJMo0a2102953

26. Prietl B, Treiber G, Pieber T, Amrein K. Vitamin D and immune function.
Nutrients. (2013) 5:2502-21. doi: 10.3390/nu5072502

27.van Etten E, Mathieu C. Immunoregulation by 1,25-dihydroxyvitamin D3: basic
concepts. J Steroid Biochem Mol Biol. (2005) 97:93-101. doi: 10.1016/j.jsbmb.2005.06.002

28.Chen H, Lu R, Zhang Y-G, Sun J. Vitamin D receptor deletion leads to the
destruction of tight and adherens junctions in lungs. Tissue Barriers. (2018) 6:1-13. doi:
10.1080/21688370.2018.1540904

29. Zheng S, Yang ], Hu X, Li M, Wang Q, Dancer RCA, et al. Vitamin D attenuates
lung injury via stimulating epithelial repair, reducing epithelial cell apoptosis and
inhibits TGF-p induced epithelial to mesenchymal transition. Biochem Pharmacol.
(2020) 177:113955. doi: 10.1016/j.bcp.2020.113955

30. Singh Ospina N, Diaz-Thomas A, McDonnell ME, Demay MB, Pittas AG, York E,
et al. Navigating complexities: vitamin D, skin pigmentation, and race. J Clin Endocrinol
Metabol. (2024) 109:1955-60. doi: 10.1210/clinem/dgae314

31. Xiang F, Lucas R, de Gruijl F, Norval M. A systematic review of the influence of
skin pigmentation on changes in the concentrations of vitamin D and 25-hydroxyvitamin
D in plasma/serum following experimental UV irradiation. Photochem Photobiol Sci.
(2015) 14:2138-46. doi: 10.1039/c5pp00168d

32. Datta P, Philipsen PA, Olsen P, Petersen B, Andersen JD, Morling N, et al. Pigment
genes not skin pigmentation affect UVB-induced vitamin D. Photochem Photobiol Sci.
(2019) 18:448-58. doi: 10.1039/c8pp00320c

33. Stocker R, Yamamoto Y, McDonagh AF, Glazer AN, Ames BN. Bilirubin is an
antioxidant of possible physiological importance. Science. (1987) 235:1043-6. doi:
10.1126/science.3029864

frontiersin.org


https://doi.org/10.3389/fnut.2025.1527333
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1527333/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1527333/full#supplementary-material
https://doi.org/10.1164/rccm.202205-0965ED
https://doi.org/10.1186/s12931-014-0089-y
https://doi.org/10.1016/S2213-2600(21)00369-6
https://doi.org/10.1016/S2213-2600(21)00369-6
https://doi.org/10.1186/s12931-024-02841-y
https://doi.org/10.1016/j.chest.2022.11.003
https://doi.org/10.1016/j.redox.2024.103334
https://doi.org/10.1016/j.chest.2023.05.031
https://doi.org/10.1016/j.chest.2023.05.031
https://doi.org/10.3390/ijms24054642
https://doi.org/10.3390/nu12072097
https://doi.org/10.1007/s11914-022-00732-z
https://doi.org/10.1016/j.jaip.2024.02.005
https://doi.org/10.7189/jogh.12.04100
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1056/NEJMoa032158
https://doi.org/10.1007/s00467-012-2377-4
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1900/RDS.2019.15.1
https://doi.org/10.3390/nu11040794
https://doi.org/10.1152/ajpendo.00405.2020
https://doi.org/10.7150/ijms.13746
https://doi.org/10.1183/09031936.00055813
https://doi.org/10.1001/jama.2021.20939
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.2105/ajph.88.3.419
https://doi.org/10.1056/NEJMoa2102953
https://doi.org/10.3390/nu5072502
https://doi.org/10.1016/j.jsbmb.2005.06.002
https://doi.org/10.1080/21688370.2018.1540904
https://doi.org/10.1016/j.bcp.2020.113955
https://doi.org/10.1210/clinem/dgae314
https://doi.org/10.1039/c5pp00168d
https://doi.org/10.1039/c8pp00320c
https://doi.org/10.1126/science.3029864

Lin etal. 10.3389/fnut.2025.1527333

34. Apperley S, Park HY, Holmes DT, Man SFP, Tashkin D, Wise RA, et al. Serum bilirubin 36. WeiJ, Zhao H, Fan G, LiJ. Bilirubin treatment suppresses pulmonary inflammation
and disease progression in mild COPD. Chest. (2015) 148:169-75. doi: 10.1378/chest.14-2150 in a rat model of smoke-induced emphysema. Biochem Biophys Res Commun. (2015)

35. Zeng M, LiY, Jiang Y, Lu G, Huang X, Guan K. Local and systemic oxidative stress 465:180~7. doi: 10.1016/}.bbrc.2015.07.133

and glucocorticoid receptor levels in chronic obstructive pulmonary disease patients. 37. Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline
Can Respir J. (2013) 20:35-41. doi: 10.1155/2013/985382 functions in public health research. Stat Med. (2010) 29:1037-57. doi: 10.1002/sim.3841

Frontiers in Nutrition 10 frontiersin.org


https://doi.org/10.3389/fnut.2025.1527333
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1378/chest.14-2150
https://doi.org/10.1155/2013/985382
https://doi.org/10.1016/j.bbrc.2015.07.133
https://doi.org/10.1002/sim.3841

	Association between vitamin D levels and preserved ratio impaired spirometry: an investigation of mediating roles of systemic inflammation and metabolic indicators
	Introduction
	Methods
	Study and data
	Definitions of PRISm, TyG, and SII
	Covariates
	Analysis of mediation
	Statistical analysis

	Results
	Logistic regression analysis
	Nonlinear analysis
	Subgroup and interaction analysis
	Mediation analysis

	Discussion
	Limitations


	References

