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Background and objective: Asthma is a chronic disease characterized by 
inflammation of the airways. The association between nutritional status, 
inflammation, and asthma has been well-documented, yet the relationship 
between the Prognostic Nutritional Index (PNI) and asthma remains unclear. 
This is a study to see whether there is a relationship between PNI and asthma 
prevalence.

Methods: The present study employed data from the National Health and 
Nutrition Examination Survey (NHANES) between 2017 and 2020, including a 
total of 7,869 adult participants were included in the analysis. Participants were 
categorized into four quartiles based on PNI levels. A multivariable regression 
model was employed for the purpose of evaluating the correlation between PNI 
and asthma. In order to ascertain the stability of the association across different 
populations, subgroup analyses were performed.

Results: Higher PNI levels were significantly associated with lower asthma 
prevalence. In the complete adjusted model, each additional unit of PNI was 
associated with a 3% reduction in the prevalence of asthma [0.97 (0.95, 0.99)]. 
Trend analysis indicated a significant negative correlation between PNI and 
asthma (p for trend = 0.0041). Subgroup analyses showed a consistent negative 
association across different populations.

Conclusion: The findings of our study indicated that lower PNI values were 
linked to an elevated odds prevalence of asthma. Early nutritional intervention 
and inflammation management in high-risk populations with low PNI may 
reduce the incidence and severity of asthma. Future prospective studies are 
needed to confirm this relationship.
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1 Introduction

Asthma is a common chronic inflammatory airway disease that can cause 
bronchospasm, leading to breathing difficulties and, in severe cases, can be  life-
threatening (1). It is reported that asthma has the highest prevalence among chronic 
respiratory diseases, with a global prevalence reaching 262.4 million and rising (2). The 
2017 National Health Interview Survey in the United States indicated that asthma was 
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responsible for 1.6 million hospital admissions and 183,000 
instances of emergency care among individuals with chronic 
airway inflammatory diseases (3). Asthma cannot be completely 
cured, and its persistent chronic airway inflammation and 
hyperresponsiveness (4), often lead to poor symptom control, 
frequent hospitalizations, and significant economic burdens (5). 
Previous studies have indicated that poor asthma control and 
frequent exacerbations increase the risk of cardiovascular diseases 
in patients with asthma (6). Moreover, respiratory infections also 
can further impair lung function and exacerbate asthma symptoms 
(7). Additionally, it is a well-documented fact that individuals 
suffering from asthma frequently have associated metabolic 
diseases, including insulin resistance and obesity. These metabolic 
problems have been shown to exacerbate asthma symptoms and 
result in suboptimal treatment outcomes (8, 9). Lastly, individuals 
afflicted with asthma, particularly those experiencing inadequate 
symptom management, are predisposed to mental health 
complications, including anxiety and depression. These 
psychological ailments can impede the efficacy of asthma 
treatment regimens (10, 11). This underscores the significance of 
effective asthma management.

The Prognostic Nutritional Index (PNI), calculated from the 
product of serum albumin and lymphocyte count, provides a 
comprehensive assessment of an individual’s nutritional, immune, 
and inflammatory status. Existing studies indicate that PNI has 
good predictive value in evaluating cancer-related prognosis (12–
15). PNI can also be used for risk assessment in various diseases, 
such as cognitive function in the elderly (16), complications and 
mortality in stroke patients (17), prognosis in chronic renal failure 
patients (18), and mortality in coronary artery disease (19), 
showing broad potential applications.

Prior studies have indicated that nutritional status, 
inflammatory response, and asthma are closely related (20, 21). 
Malnutrition, often accompanied by hypoalbuminemia, weakens 
the immune system, making it difficult for the body to effectively 
resist and regulate inflammation (22). A number of nutrients have 
been demonstrated to exert a significant influence on the onset 
and development of obstructive pulmonary diseases (23, 24). 
Since asthma is a chronic inflammatory disease, assessing 
nutritional status and inflammation is essential for managing the 
condition. PNI, as an integrated measure of inflammation and 
immune system status, can provide insights into the systemic 
inflammatory burden in asthma patients, potentially identifying 
those at risk for poor control or exacerbations. At this time, the 
relationship, if any, between PNI and asthma remains unclear. 
Accordingly, the present study employed data from adult 
participants in the National Health and Nutrition Examination 
Survey (NHANES) to investigate the relationship between PNI 
and asthma.

2 Methods

2.1 Study population

NHANES is a nationally representative data set on the nutrition 
and health status of non-institutionalized US residents. NHANES 
employs multistage probability sampling methodology to provide a 
representative sample of the US population for the purpose of 
monitoring and evaluating the nation’s health status in relation to 
nutrition. The NHANES study is approved by the National Center for 
Health Statistics (NCHS) with strict ethical review, ensuring that all 
participants signed written informed consent.

Our study used NHANES data from 2017 to 2020. Initially, 
we  recruited 15,560 eligible participants. We  removed 6,328 
participants below the age of 20 years, 9 participants with missing 
asthma information, and 1,354 participants with missing PNI data, 
ultimately including 7,869 participants who met the criteria (Figure 1).

2.2 Exposure variables and outcome 
definition

The exposure factor in this study was PNI, calculated using the 
formula: PNI = [10 × albumin (g/dL)] + [0.005 × absolute lymphocyte 
count (103 cells/μL)] (25). Participants were analyzed by categorizing 
PNI into quartiles. Albumin concentration was measured using 
bromocresol purple dye, and lymphocyte count was measured using 
a Beckman Coulter DxH 800 instrument. The outcome variable was 
the occurrence of asthma, assessed through self-reported 

FIGURE 1

Flow diagram indicating study population. NHANES, National Health 
and Nutrition Examination Survey. PNI, Prognostic Nutritional Index.

Abbreviations: BMI, Body Mass Index; CDC, Centers for Disease Control and 

Prevention; NHANES, National Health and Nutrition Examination Survey; NCHS, 

National Center for Health Statistics; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, 

Platelet-to-Lymphocyte Ratio; PNI, Prognostic Nutritional Index; PUFA, 

Polyunsaturated Fatty Acids; PIR, Poverty-Income Ratio; TNF-α, Tumor Necrosis 

Factor-α.
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questionnaires asking, “Have you ever been told you have asthma?” If 
participants answered “yes, “they were determined to have asthma.

2.3 Covariates

We considered multiple potential covariates that could confound 
the relationship between PNI and asthma. The covariates included 
demographic variables (gender, age, race, education level, poverty-
income ratio (PIR), marital status), lifestyle factors (alcohol 
consumption, smoking status, moderate work activity level), clinical 
measurements (white blood cell count, platelet count, total cholesterol 
level, high-density lipoprotein cholesterol level, low-density 
lipoprotein cholesterol level, triglyceride level, body mass index 
(BMI), serum calcium, systolic blood pressure, diastolic blood 
pressure, fasting blood glucose, glycated hemoglobin), and the 
presence of diabetes, hypertension, and arthritis. All NHANES data 
used in the study are publicly available at https://www.cdc.gov/nchs/
nhanes/.

2.4 Statistical analysis

All statistical analyses were conducted following the guidelines of 
the Centers for Disease Control and Prevention (CDC), using 
appropriate NHANES sample weights. For continuous variables, 
variance-weighted analysis was used; for categorical variables, 
weighted chi-square tests were used to evaluate differences between 
PNI quartiles. To assess the association between PNI and asthma, 
multivariable regression models were employed. In Model 1, no 
covariates were included in the adjustments. Model 2 included 
adjustments for the covariates of age, gender, and race. In Model 3, all 
of the covariates previously mentioned were included as adjustment 
variables including demographic variables, lifestyle factors, and 
clinical measurements. Sensitivity analysis was conducted by grouping 
PNI into quartile levels. Smooth fitting curves evaluated the nonlinear 
relationship between PNI and asthma. If a nonlinear relationship was 
observed, a two-log likelihood ratio test was employed to ascertain the 
threshold effect size and to test for significant threshold effects. Lastly, 
stratified multivariable logistic regression models were used for 
subgroup analysis by gender, age, race, BMI, hypertension, and 
diabetes to assess the stability of the association between PNI and 
asthma. A p-value <0.05 was considered significant. All analyses were 
conducted using R version 4.1.3 and Empower software.

3 Results

3.1 Baseline characteristics

Table  1 presented the weighted distribution of all clinical 
characteristics of the included participants, stratified by PNI quartiles. 
A total of 7,869 adult participants were enrolled in the study, the mean 
age of which was 48.43 ± 17.31 years, 48.33% of whom were male, and 
51.67% female. The PNI quartile ranges were 21–38, 38–41, 41–43, 
and 43–54. The overall prevalence of asthma was 15.42%, with 
quartiles 1, 2, 3, and 4 having prevalence rates of 18.30, 15.07, 14.98, 
and 13.53%, respectively.

3.2 Association between PNI and asthma

Table  2 shows that elevated PNI values were observed to 
be  inversely associated with the odds of asthma prevalence. The 
unadjusted model [0.96 (0.94, 0.97) p < 0.0001], the demographic-
adjusted model [0.96 (0.94, 0.98) p < 0.0001], and the fully adjusted 
model [0.97 (0.95, 0.99) p = 0.0102] all indicated a negative 
association between PNI and asthma. Every unit rise in PNI was 
associated with a 3% reduction in asthma prevalence in the 
completely adjusted model (model 3). When PNI was classified as a 
quartile variable, the negative association remained. Compared to the 
baseline group, PNI quartiles 2 and 3 were associated with a 1% [0.99 
(0.83, 1.18) p = 0.9180] and 14% [0.86 (0.71, 1.03) p = 0.1436] 
reduction in asthma prevalence, respectively, though these were not 
statistically significant (p > 0.05). Quartile 4 showed a significant 26% 
reduction [0.74 (0.59, 0.91) p = 0.0097] in asthma prevalence 
(p < 0.05), with a trend test p-value of 0.0041. Smooth fitting curves 
suggested a linear inverse association between PNI and asthma 
(Figure 2). Furthermore, we have delineated the existence of smooth 
fitting curves of PNI and asthma between different age groups and 
genders. As PNI increased, a tendency toward a decrease in asthma 
incidence was observed among subjects of various age groups 
(Figure 3). The relationship between PNI and asthma prevalence 
showed a similar overall non-linear trend in both males and females, 
characterized by a general decline in prevalence with increasing PNI 
values. However, the specific PNI values at which hotspots and 
subsequent declines occurred differed between genders. Notably, a 
rebound phenomenon was observed in males at higher PNI levels, 
where asthma prevalence increased again after an initial decline. This 
suggests potential gender-based disparities in how nutritional status 
impacts asthma manifestation (Figure 4). These findings imply that 
higher PNI levels may be  indicative of a reduced risk of 
developing asthma.

3.3 Subgroup analysis

To evaluate the stability of the inverse correlation between PNI 
and asthma in the fully adjusted model, subgroup analyses by gender, 
age, race, BMI, diabetes, and hypertension were conducted. The 
results showed a negative association between PNI and asthma in all 
subgroups, with no significant interaction p-values, indicating the 
negative association was similar across different populations (Table 3).

4 Discussion

This study, including 7,869 adult participants from the 
United  States, aimed to assess the association between PNI and 
asthma. We found that elevated PNI values were linked to a lower 
likelihood of asthma prevalence. The negative correlation between 
PNI and asthma remained consistent in the completely adjusted 
model. The results of the smooth curve analysis suggested a linear 
negative correlation between PNI and asthma. Subgroup analyses 
showed no significant interaction effects, suggesting that the negative 
association between PNI and asthma was consistent across different 
populations. Our study suggests that PNI can serve as an effective 
indicator for evaluating asthma prevalence. Early nutritional and 
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TABLE 1 Baseline characteristics of the study population.

Quartiles of prognostic nutritional index

Characteristic Q1 (21–38) 
N = 1965

Q2 (38–41) 
N = 1969

Q3 (41–43) 
N = 1967

Q4 (43–54) 
N = 1968

p-value

Age (years) 52.05 ± 17.15 51.74 ± 17.09 48.75 ± 16.88 43.07 ± 16.60 <0.0001

Ratio of family income to 

poverty
2.86 ± 1.58 3.05 ± 1.56 3.11 ± 1.51 3.24 ± 1.55 <0.0001

White blood cell count 

(103cells/μL)
7.54 ± 2.35 7.34 ± 2.90 7.18 ± 7.20 7.29 ± 2.03 0.0782

Platelet count (103cells/μL) 259.61 ± 72.84 247.28 ± 64.14 242.26 ± 58.11 240.66 ± 57.43 <0.0001

Hs-CRP (mg/L) 7.32 ± 12.73 4.01 ± 7.58 2.86 ± 4.05 2.11 ± 3.10 <0.0001

Total calcium (mg/dL) 9.05 ± 0.35 9.21 ± 0.32 9.33 ± 0.32 9.48 ± 0.31 <0.0001

Cholesterol (mg/dL) 181.88 ± 41.03 187.96 ± 40.60 188.52 ± 40.44 189.30 ± 40.82 <0.0001

Triglycerides (mg/dL) 139.85 ± 113.00 138.83 ± 89.68 139.55 ± 96.87 141.04 ± 106.12 0.9117

HDL-Cholesterol (mg/dL) 53.11 ± 15.36 54.11 ± 16.51 53.77 ± 15.58 54.01 ± 15.86 0.2440

LDL-Cholesterol (mg/dL) 103.86 ± 36.13 109.11 ± 36.34 109.90 ± 36.06 110.17 ± 35.60 <0.0001

Glycohemoglobin (%) 5.95 ± 1.23 5.75 ± 1.01 5.64 ± 0.84 5.49 ± 0.71 <0.0001

Fasting glucose (mg/dL) 115.44 ± 40.68 110.75 ± 31.32 108.39 ± 25.03 105.08 ± 21.56 <0.0001

Systolic pressure (mmHg) 122.85 ± 19.60 122.56 ± 17.59 121.76 ± 16.50 121.49 ± 15.72 0.0421

Diastolic pressure (mmHg) 74.56 ± 11.71 74.47 ± 10.70 74.29 ± 10.21 74.02 ± 10.44 0.3931

Body mass index (kg/m2) 25.89 ± 8.14 25.67 ± 7.83 26.28 ± 8.26 25.98 ± 8.28 0.1318

Gender (%) <0.0001

Male 30.06 41.48 50.87 64.09

Female 69.94 58.52 49.13 35.91

Race (%) <0.0001

Mexican American 9.52 7.65 8.54 8.52

Other Hispanic 8.20 7.03 7.96 7.59

Non-Hispanic White 55.98 64.46 63.69 66.78

Non-Hispanic Black 17.43 12.04 9.03 6.61

Other race 8.86 8.82 10.78 10.50

Education level (%) <0.0001

Less than high school 13.83 10.79 11.45 8.89

High school 29.10 28.40 24.28 26.35

More than high school 57.06 60.81 64.27 64.76

Marriage (%) 0.2209

Yes 60.86 61.12 63.82 62.41

No 39.14 38.88 36.18 37.59

Smoking (%) 0.0056

Yes 43.88 39.32 44.09 43.85

No 56.12 60.68 55.91 56.15

Drink (%) 0.2101

Yes 12.63 12.10 11.68 13.69

No 87.37 87.90 88.32 86.31

Moderate work activity (%) <0.0001

Yes 43.36 48.31 49.90 51.85

No 56.64 51.69 50.10 48.15

High blood pressure (%) <0.0001

(Continued)
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inflammatory management in high-risk populations with low PNI 
levels may reduce the occurrence and severity of asthma.

PNI levels, which are evaluated through lymphocyte count and 
serum albumin, are associated with prognostic value in a variety of 
diseases (12, 13, 16, 17), but the relationship between PNI and asthma 
remains unclear. To the best of our knowledge, this is the inaugural 
cross-sectional study to examine the correlation between PNI and 
asthma. Asthma is a chronic inflammatory condition of the airways, 
characterized by the involvement of a diverse range of immune and 
inflammatory cells (18), with chronic inflammation playing a key role 
in asthma development (26). Since asthma symptoms cannot 
be  completely cured, continuous long-term assessment of 
inflammatory response levels is crucial for controlling asthma 
occurrence and progression. T lymphocytes have been shown to play 
a crucial role in the immune response in asthma. Specifically, CD4+ 
T cells have been shown to drive the process of chronic inflammation 
and remodeling of the airways through the secretion of cytokines such 
as IL-4, IL-5, IL-13 and others (27), which not only promote the 
proliferation of the airway smooth muscle, but also may lead to 
structural changes. Different subpopulations of T lymphocytes may 

also play an important role in the immunophenotype and severity of 
asthma (28). T cell subset expressing archetypal granulocyte proteins, 
these subpopulations of T cells are uniquely characterized in the 
expression of granulocyte-associated proteins and may play an 
important role in chronic inflammation and remodeling of the 
airways. This suggests that changes in lymphocyte subpopulations 
may be closely related to the pathological progression of asthma and 
the state of immune function in patients. Furthermore, it has been 
determined that the airways of patients with allergic asthma are 
predominantly populated by TH2-type T-lymphocytes (29). The 
secretion of IL-4, IL-5 and IL-13 cytokines by these cells drives 
chronic inflammation and excessive immune responses in the airways, 
thereby further strengthening our understanding of TH2-type 
immune responses in asthma. Furthermore, PNI, as an indicator of 
immune status, may offer novel perspectives for evaluating the 
immune burden in asthma patients. A study indicated that the 
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR) are significant clinical indicators for diagnosing and 
monitoring bronchial asthma, with significantly lower lymphocyte 
counts and higher NLR and PLR levels in severe asthma groups 

TABLE 1 (Continued)

Quartiles of prognostic nutritional index

Characteristic Q1 (21–38) 
N = 1965

Q2 (38–41) 
N = 1969

Q3 (41–43) 
N = 1967

Q4 (43–54) 
N = 1968

p-value

Yes 40.89 33.90 33.39 25.44

No 59.11 66.10 66.61 74.56

Diabetes (%) <0.0001

Yes 18.16 12.92 10.72 6.87

No 81.84 87.08 89.28 93.13

Arthritis (%) <0.0001

Yes 35.77 30.00 29.47 20.24

No 64.23 70.00 70.53 79.76

Asthma (%) 0.0006

Yes 18.30 15.07 14.98 13.53

No 81.70 84.93 85.02 86.47

Mean ± SD for continuous variables: the p value was calculated by the weighted linear regression model; (%) for categorical variables: the p value was calculated by the weighted chi-square test. 
HDL-Cholesterol, high-density lipoprotein cholesterol; LDL-Cholesterol, low-density lipoprotein cholesterol; Hs-CRP, High-Sensitivity C-Reactive Protein.

TABLE 2 Associations between prognostic nutritional index and asthma.

Characteristic Model 1 OR (95% CI) 
N = 7,869

Model 2 OR (95% CI) 
N = 7,869

Model 3 OR (95% CI) 
N = 7,869

PNI 0.96 (0.94, 0.97) <0.0001 0.96 (0.94, 0.98) <0.0001 0.97 (0.95, 0.99) 0.0102

Categories

Q1 1.0 1.0 1.0

Q2 0.91 (0.77, 1.07) 0.2554 0.94 (0.80, 1.11) 0.4658 0.99 (0.83, 1.18) 0.9180

Q3 0.79 (0.66, 0.93) 0.0212 0.82 (0.69, 0.97) 0.0244 0.86 (0.71, 1.03) 0.1436

Q4 0.67 (0.57, 0.80) <0.0001 0.70 (0.58, 0.84) 0.0001 0.74 (0.59, 0.91) 0.0097

PNI group trend <0.0001 <0.0001 0.0041

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: gender, age, race, family income-to-poverty ratio, education level, physical activity status, marital 
status, drink status, smoking status, systolic blood pressure, diastolic blood pressure, white blood cell count, Platelet count, cholesterol, triglycerides, HDL-Cholesterol, LDL-Cholesterol, body 
mass index, total calcium, high-sensitivity c-reactive protein, glycohemoglobin, fasting glucose, and history of diabetes, hypertension, and arthritis were adjusted. PNI, prognostic nutritional 
index; HDL-Cholesterol, high-density lipoprotein cholesterol; LDL-Cholesterol, low-density lipoprotein cholesterol.
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compared to non-severe and healthy control groups (p < 0.0001) (30). 
Huang et al.’s meta-analysis also suggested that NLR is an effective 
inflammatory marker for predicting asthma and its acute 
exacerbations (31). Normal serum albumin levels have important 
antioxidant and anti-inflammatory effects (32). The selective 

inhibition of tumor necrosis factor-α (TNF-α) and its subsequent 
induction of vascular cell adhesion molecule expression by 
physiological levels of albumin has been demonstrated to reduce 
inflammatory processes (33). A correlation has been established 
between the severity of asthma and lower albumin levels. Furthermore, 

FIGURE 2

The nonlinear associations between prognostic nutritional index and asthma. The solid red line illustrates the smooth curve fit between the variables. 
The blue bands represent the 95% confidence interval derived from the fit.

FIGURE 3

Non-linear relationship between prognostic nutritional index and asthma in different age subgroups.
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it is possible that this may also affect the unbound concentrations of 
certain drugs (34).

Nutritional status is closely related to inflammation levels, with 
malnutrition weakening immune system function (35), making it 
difficult for the body to effectively resist and regulate inflammation. 
A cohort study revealed a strong correlation between low serum 
albumin levels and an elevated risk of mortality in individuals with 
asthma (36). These findings were further supported by the observation 
that low albumin levels frequently coincided with 
immunocompromise and a chronic inflammatory state, which has 
been demonstrated to result in exacerbations and frequent acute 
exacerbations of asthma. A further study explored the relationship 
between protein intake, serum albumin levels and blood eosinophil 
counts in a group of asthmatic adults in the United  States. The 
findings of this study indicated that low serum albumin levels were 
associated with increased eosinophil counts (37). Low albumin levels 
are typically indicative of chronic inflammation or malnutrition, and 
this condition may result in an imbalance in immune function, which 
in turn affects the clinical manifestations of asthma. A large-scale 
survey in Japan found that underweight asthma patients had poorer 
asthma control compared to those with normal weight (38). 
Malnutrition also increases oxidative stress levels in the body, which 
is a significant component of asthma inflammation (39). Oxidative 
stress and pro-inflammatory mediators play a key role in regulating 
gene expression by altering histone acetylation and deacetylation, 
affecting transcription factor binding to encyclopedia, and enhancing 
pro-inflammatory gene expression in various lung cells (40). 
Malnourished patients often lack specific nutrients. Some nutrients, 
such as vitamin D, vitamin C, and Omega-3 polyunsaturated fatty 
acids (PUFA), have been demonstrated to play crucial roles in 
regulating immune response and inflammation, improving lung 
function, and reducing wheezing (41). Asthma is often associated 

with enhanced type 2 T helper cell-mediated immune response. 
Vitamin D not only produces anti-inflammatory cytokines but also 
inhibits pro-inflammatory cytokines, thus maintaining equilibrium 
between type 1 T helper cells and type 2 T helper cells (42). Vitamin 
D can enhance the production of antimicrobial peptides in airway 
epithelial cells, reducing infection risk and asthma occurrence (43, 
44). Vitamin C, as a potent antioxidant, can scavenge free radicals in 
the airways, reducing oxidative stress (45), and has anti-inflammatory 
effects independent of its antioxidant properties (46), helping to 
control inflammation in asthma patients, reduce airway inflammation, 
and mitigate asthma exacerbation severity (47, 48). Asthma patients 
have significantly lower levels of vitamin C in lung tissue and plasma 
compared to healthy controls, and lower vitamin C levels are 
associated with higher airway reactivity in asthma patients (49). 
Omega-3 PUFA, by converting into bioactive lipid molecules with 
anti-inflammatory effects, such as prostaglandins, leukotrienes, and 
resolvins, reduce the production of inflammatory cytokines and type 
2 t helper cell activity, reducing airway inflammation and 
hyperresponsiveness (50, 51). Even if the mother has asthma, 
maternal intake of oily fish during pregnancy can reduce the risk of 
asthma in children (52, 53). Studies have shown that dietary nutrition 
improvement can significantly reduce inflammation levels in asthma 
patients (54). Obesity represents a multifaceted risk factor for asthma, 
exerting a potential influence on asthma severity and control through 
a number of mechanisms. For instance, obesity may result in chronic 
low-grade inflammation, heightened airway inflammation and 
reactivity, which in turn may influence asthma symptoms and 
treatment outcomes. The distinctive phenotype of obesity-asthma, 
particularly in certain obese asthmatic individuals, is frequently 
associated with diminished control, suboptimal response to 
medications, and additional characteristics (55). Asthmatic patients 
exhibit considerably lower hemoglobin concentrations compared to 

FIGURE 4

Non-linear relationship between prognostic nutritional indices and asthma across gender subgroups.
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non-asthmatic individuals (56). These factors, including malnutrition, 
low serum albumin, overweight, and anemia, may contribute to 
exacerbated or poorly controlled asthma symptoms through 
mechanisms such as exacerbation of chronic inflammation and 
immune response. The impact of nutritional status on asthma is 
multifaceted, including immune function, inflammatory response, 
oxidative stress, and specific nutrient effects. Low PNI reflects poor 
nutritional and immune status, potentially leading to more severe 
asthma symptoms and faster disease progression.

The present study revealed a decline in both male and female 
subjects, although the specific PNI values at which these declines 
occurred differed by gender. At lower PNI values, the prevalence of 
asthma was higher in males, and as PNI values increased, there was a 
rebound in asthma prevalence in males and an overall decreasing 
trend in females. This finding suggests the potential for a sex-based 
disparity in the relationship between PNI and asthma. This gender 
disparity may be attributed to the differential mechanisms of action of 
sex hormones, with fluctuations in estrogen and progesterone levels 
playing a pivotal role in asthma susceptibility and clinical 
manifestations in women (57). Estrogens have been demonstrated to 
elicit a divergent response to asthma in women compared to men, 
with the potential to influence immune system function. In 

experimental studies utilizing murine models, Estrogens have been 
observed to contribute to asthma by facilitating Th2-mediated 
immune responses, increasing eosinophil recruitment, and enhancing 
asthma prevalence in women by promoting Th2-mediated immune 
responses, increasing eosinophil recruitment, and enhancing asthma 
prevalence in women. Acidophilic granulocyte recruitment and 
enhanced cytokine production exacerbating asthma-like inflammation 
(58). However, sexual maturation has been reported to prevent lung 
inflammation under specific experimental conditions, this finding 
underscores the dual role of estrogen, which may be contingent on the 
specific estrogen, the environmental context, and the diurnal phase 
(59). Moreover, elevated levels of PNI can trigger heightened androgen 
levels, which, in turn, may lead to overactivation of ERK signaling. 
This, in turn, can promote leukotriene synthesis under certain 
conditions (60). The aforementioned factors may provide a rationale 
for the observed gender disparities in the prevalence of PNI and 
asthma. This finding underscores the necessity of incorporating 
nutritional and hormonal factors into comprehensive asthma 
management strategies.

The principal strengths of our study are the large sample size and 
the representativeness of the data, making the results widely 
applicable. In order to enhance the validity and applicability of the 

TABLE 3 Subgroup analysis of the association between prognostic nutritional index and asthma.

Characteristic Model OR (95% CI) 
N = 7,869

p-value p for interaction

Stratified by age (years) 0.8197

20–40 0.98 (0.95, 1.01) 0.1513

40–60 0.97 (0.93, 1.00) 0.0489

60–80 0.98 (0.94, 1.01) 0.2404

Stratified by gender 0.1958

Male 0.99 (0.95, 1.02) 0.3635

Female 0.96 (0.94, 0.99) 0.0042

Stratified by race 0.9115

Mexican American 0.99 (0.93, 1.04) 0.6225

Other Hispanic 0.96 (0.91, 1.01) 0.1031

Non-Hispanic White 0.98 (0.95, 1.01) 0.2070

Non-Hispanic Black 0.96 (0.93, 1.00) 0.0500

Other race 0.97 (0.92, 1.01) 0.1721

Stratified by BMI 0.2860

Normal weight 0.99 (0.96, 1.02) 0.3372

Overweight 0.96 (0.92, 0.99) 0.0175

Obese 0.96 (0.92, 0.99) 0.0200

Stratified by diabetes 0.5427

Yes 0.98 (0.94, 1.03) 0.4259

No 0.97 (0.95, 0.99) 0.0089

Stratified by high blood pressure 0.2652

Yes 0.98 (0.95, 1.01) 0.2488

No 0.96 (0.94, 0.99) 0.0044

Model: gender, age, race, family income-to-poverty ratio, education level, physical activity status, marital status, drink status, smoking status, systolic blood pressure, diastolic blood pressure, 
white blood cell count, Platelet count, cholesterol, triglycerides, HDL-Cholesterol, LDL-Cholesterol, body mass index, total calcium, high-sensitivity c-reactive protein, glycohemoglobin, 
fasting glucose, and history of diabetes, hypertension, and arthritis were adjusted. PNI, prognostic nutritional index; HDL-Cholesterol, high-density lipoprotein cholesterol; LDL-Cholesterol, 
low-density lipoprotein cholesterol.
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findings, numerous confounding variables were also taken into 
consideration. However, limitations include the definition of asthma 
based on questionnaires, which cannot accurately classify asthma 
phenotypes, and the cross-sectional design, which does not establish 
causality between PNI and asthma. Furthermore, it is acknowledged 
that the NHANES data does not provide a classification of asthma 
severity (i.e., mild, moderate or severe) or details on the degree of 
asthma control. As asthma severity is often associated with nutritional 
status, particularly in more severe cases where malnutrition is more 
likely, this lack of severity data may indeed lead to bias in the findings, 
which could confound the relationship between PNI and 
asthma outcomes.

5 Conclusion

Our study indicates that lower PNI levels are associated with an 
increase in the odds of prevalence of asthma. Early nutritional 
guidance for high-risk populations can effectively improve nutritional 
status, regulate antioxidant and immune capabilities, and reduce the 
occurrence of asthma. Future prospective studies are needed to 
validate this relationship.
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