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The Advanced Lung Cancer Inflammation Index (ALI) represents both the inflammatory and nutritional
status of the host, but its link with mortality in asthma patients is uncertain. The purpose of this study
was to look at the relationship between ALl levels and all-cause and respiratory disease mortality

in asthmatic patients. We conducted our research using cohort data from the National Health and
Nutrition Examination Survey (NHANES) from 1999 to 2018. The National Death Index was used to
calculate mortality until December 31, 2019. The study employed multivariate logistic regression to
look into the relationship between ALl levels and asthma prevalence. Weighted Kaplan—Meier and
multivariate-adjusted Cox analyses were utilized for investigating the relationship between ALI levels
and all-cause and respiratory disease mortality in individuals with asthma. A restricted cubic spline
(RCS) analysis was used to assess their nonlinear relationship. Subgroup and sensitivity analyses

were also performed to evaluate the robustness of the results that were obtained. We enrolled 40,497
people in our study, and 5,469 of them had asthma, representing a 14% prevalence. A median follow-
up of 11.19 (9.38, 14.29) years revealed 109 fatalities from respiratory diseases and 724 deaths from all
causes. After correcting for several covariates, there was no longer any link (P-trend =0.2) between ALI
levels and the prevalence of asthma. When compared to the lowest quartile, the highest quartile of ALI
levels was substantially linked to a lower risk of mortality from respiratory diseases and all causes (all
P-trend < 0.001). In the RCS regression model, the relationship between ALl level and both all-cause
and respiratory disease mortality in asthmatic participants was nonlinear, with P for nonlinearity of
0.006 and 0.015, respectively. We also discovered that the probability of mortality from respiratory
disease decreased progressively to a nadir at an ALI level of 109.13 and then increased as the ALl level
increased. Multiple subgroup and sensitivity analyses revealed that ALI was consistently related to
lower all-cause and respiratory disease mortality in asthma patients. Our findings suggest that ALl is
associated with a reduced risk of all-cause and respiratory disease mortality in asthma patients.

Keywords Asthma, Advanced lung cancer inflammation index, All-cause mortality, Respiratory disease
mortality, National Health and Nutrition Examination Survey

Asthma is a prevalent chronic airway illness characterized by airway hyperresponsiveness, inflammatory cell
infiltration, and mucus secretion that causes a large worldwide health burden!. It is one of the most common
chronic airway disorders, affecting around 339 million people globally and causing over 1,000 deaths every day,
with the prevalence increasing year after year?.

Numerous studies have confirmed the critical function of immune cells and the inflammatory response in
the development and progression of asthma. Airway inflammation in asthma is enhanced by Th2-dependent
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IgE, IgE-producing B cells, mast cells, and eosinophil recruitment?. In addition to allergen-specific Th2-driven
adaptive immunity, innate immune cells such as macrophages, granulocytes, epithelial cells, type 2 innate
lymphocytes (ILC2), mast cells, eosinophils, dendritic cells (DCs), and natural killer cells (NKs) are thought to
play a role in the allergic and nonallergic pathogenesis of asthma-extracellular acidification rates?. Neutrophils
also play a significant role in the pathophysiology of asthma, acting as the first line of defense in the event of a
lung infection and producing chemokines and performed granulins that attract monocytes and/or macrophages
to the infection site, resulting in an immunological infiltrate>. However, long-term chronic inflammation can
cause decreased albumin levels and weight loss’, therefore relying solely on an inflammation marker may not be
sufficient to predict the prognosis of asthma patients.

ALI was developed in 2013 by Jafri et al. as a new prognostic index for patients with advanced lung cancer®. It
is composed of body mass index (BMI), albumin, and neutrophil-to-lymphocyte ratio (NLR), and it can reflect
both the host’s inflammatory and nutritional status. As the name implies, the ALI was initially designed to
predict tumor prognosis in patients with lung cancer, and multiple studies have already proved its important
predictive value for the prognosis of patients with lung cancer®!'. Furthermore, ALI has been shown to predict
prognosis in a variety of disorders, including gastric cancer'?, diabetes'?, heart failure!%, B-cell lymphoma'®, and
esophageal cancer'®. However, rare research has investigated the relationship between ALI and the prognosis of
patients with asthma.

The purpose of this study was to investigate the association between ALI and the risk of all-cause and
respiratory disease mortality in asthma patients, as well as to provide some recommendations for asthma
patients’ treatment and management.

Materials and methods

Study population

NHANES is a nationally representative cross-sectional survey that is conducted repeatedly in the United States
by the National Center for Health Statistics'”. NHANES uses a stratified multistage random sampling design. A
retrospective analysis was conducted utilizing publicly accessible NHANES data from 1999 to 2018.

In this study, we examined NHANES data from 1999 to 2018, covering 101,316 participants. We removed all
participants under the age of 20 (n=46,235). Participants with incomplete blood cell counts and asthma were
omitted from the study (n=5,459). Participants without follow-up information were eliminated (n=7,715).
Finally, participants who were pregnant or lacking information on key variables (age, gender, race, BIM, and
albumin) were eliminated (n=1,410). As a result, our final analysis contained 40,497 individuals (Fig. 1). The
NHANES study protocol has been approved by the Ethics Review Board of the National Center for Health
Statistics and Research. All participants provided written informed consent authorizing the use of their data.
All experiments involved in this paper are performed in accordance with relevant guidelines and regulations.

Calculation of ALI
ALI was calculated as follows: ALI=BMI X AIb/NLR, where BMI=weight in kilograms/(height in meters)?,
Alb=serum albumin in grams per deciliter, NLR = neutrophil counts/lymphocyte counts®%.

Assessment of asthma

NHANES collects information regarding asthma and related symptoms through a professionally self-
administered questionnaire!®. Patients were classified as currently having asthma if they answered yes to the
following two questions: "Has a doctor or other health professional ever told you that you have asthma?" and "Do
yous still have asthma?" Patients who answered negatively to these two questions were classified as non-asthmatic.

Assessment of mortality

Study participants who died were identified through association with the National Death Index (NDI). As of
December 31, 2019, we obtained participant records for all-cause mortality and cardiovascular disease mortality
through the 2019 Linked Mortality File (LMF), which reports the most recent associations between specific
NCHS surveys and the NDI. The follow-up period for the study was from the date of initial diagnosis to the date
of death or the end of the study period on December 31, 2019, whichever came first.

Definitions of covariates

By considering clinical plausibility and referring to previous research, we identified relevant covariates thereby
minimizing confounding bias. Information regarding participants’ baseline data was collected through
questionnaires and physical examination, including age (years), sex (male or female), race/ethnicity (Mexican
American, other Hispanic, non-Hispanic white, non-Hispanic black, or other race), educational attainment
(below high school, high school, or above high school), marital status (married/cohabiting, widowed/divorced/
separated, or never married) and body mass index (<18.5, 18.5-25.0, 25.0-29.9, or>29.9 kg/mz). Income
was measured using the poverty-income ratio (PIR; the ratio of family income divided by a poverty threshold
specific for family size using guidelines from the US Department of Health and Human Services) and categorized
as<1.0, 1.1-3.0, and>3.0. Never smokers were identified as those who reported smoking <100 cigarettes
throughout their lifetime. Those who smoked > 100 cigarettes in their lifetime were classified as current smokers,
and those who smoked> 100 cigarettes and had quit smoking were labeled as former smokers®. Drinking
status was classified as nondrinker and drinker by asking the question “Had at least 12 alcohol drinks/1 year?”.
Physical activity was divided into inactive group and active group according to the presence of moderate to
vigorous activity over the past 30 days. Self-reported diabetes was determined by a self-reported doctor or a
glycosylated hemoglobin measurement of >6.5%. Patients with hypertension were defined as those who were
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Fig. 1. Flowchart of study design.

taking antihypertensive medication, or by a self-reported doctor. Complete blood cell count parameters and
serum albumin levels, which were necessary to calculate ALI were also extracted from the database.

Statistical analysis

We used the NHANES recommended weights to calculate the weights for specific groups. The categorical
variables were expressed as percentages (%) and were compared using the chi-square test or Fisher’s exact test,
as appropriate. Continuous data with a normal distribution were shown as means (+standard deviation [SD])
and were compared using an independent samples t-test. Variables with skewed distributions were presented as
medians [first quantile (P25) and third quantile (P75)] and were compared using the nonparametric Wilcoxon
rank sum test.

Three logistic regression models were employed to identify the adjusted odds ratios (ORs) and 95% confidence
intervals (CIs) of the association between ALI levels and the prevalence of asthma. Likewise, three Cox regression
models were used to calculate adjusted hazard ratios (HRs) and 95% ClIs about all-cause and respiratory disease
mortality of participants with asthma. Model 1 was a crude unadjusted model of potential confounders. Model 2
was adjusted as age, sex, and race/ethnicity; Model 3 was adjusted as model 2 plus education level, family poverty
income ratio, drinking status, smoking status, BMI, self-reported diabetes, and self-reported hypertension.

Kaplan-Meier analyses were conducted to investigate the connection between ALI levels and long-term
mortality in asthmatic patients. In NHANES 1999-2018, a subgroup analysis was performed to investigate the
relationships between quartiles of ALI levels and all-cause and respiratory disease mortality by age, gender, and
smoking status among persons with asthma.

We conducted multiple sensitivity analyses to assess the robustness of the results. First, we removed people
with a history of emphysema or chronic bronchitis to rule out a potential bias in the data. Second, to reduce the
risk of reverse causality bias, participants who died within the first two years of follow-up were eliminated from
the study. Finally, persons with a history of cancer at baseline were removed from the research. Cox regression
analysis was then used to determine the link between ALI levels and mortality in asthma patients.
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Results

Participant characteristics

The baseline characteristics and weighted estimates of the study population are presented in Table 1. A total
of 40,497 individuals were included in our analysis, of whom 5,469 had a diagnosis of asthma and ranged in
age from 20 to 85 years, with a mean age of (61.26 +14.30) years. Racial distribution was as follows Mexican
American 4.8%, other Hispanic 5.8%, non-Hispanic white 71%, non-Hispanic black 12%, and other 6.7%.
Participants with asthma were more likely to be young women, have higher levels of education, have lower
incomes, be divorced, and be smokers. In addition, participants in the asthma group had higher body mass
index and waist circumference, and higher rates of comorbid hypertension and diabetes. The median (P25, P75)
of white blood cells, neutrophils, lymphocytes, platelets, monocytes and ALI in the asthma group were 7.20
(5.90, 8.80), 4.20 (3.20, 5.40), 2.10 (1.70, 2.50), 251 (213, 297), 0.50 (0.40, 0.70) and 62 (46, 82), higher than the
non-asthmatic group. Significant differences were found in the parameters of the complete blood count and ALI
levels between participants with and without asthma (P <0.05).

ALl and asthma prevalence

Table 2 illustrates the relationship between ALI levels and asthma risk using multivariate regression modeling.
Both the crude model and model 1, adjusted for age, sex, and race, showed that ALI levels were positively
associated with asthma prevalence (all p <0.05). Odds ratios (OR) and 95% confidence intervals (CI) for the
highest quartile compared to the lowest quartile were OR=1.14 (1.05-1.24), p-trend=0.003 and OR=1.11
(1.02-1.21), p-trend=0.014, respectively. However, after further adjustment in Model 2, the significant
relationship between ALI levels and asthma prevalence was absent (p-trend =0.2).

ALI and mortality

During a median follow-up of 11.19 (9.38, 14.29) years, 724 (13.24%) of 5,469 participants with asthma died
of all-cause mortality, and 109 (1.99%) died of respiratory disease. In Table 3, ALI was significantly associated
with a reduced risk of all-cause mortality in asthma patients, both in the crude model and in the multivariable-
adjusted Models 1 and 2, with hazard ratios (HRs) and 95% confidence intervals (CIs) of HR=0.30 (0.24, 0.38),
HR=0.42 (0.31, 0.55) and HR=0.45 (0.32, 0.63 ). Likewise in Table 4, ALI was equally significantly associated
with a decreased risk of respiratory disease mortality in asthma patients in the crude and in the multivariable-
adjusted Models 1 and 2, with hazard ratios (HRs) and 95% confidence intervals (CIs) of HR=0.20 (0.10, 0.34),
HR=0.31(0.18, 0.52), and HR=0.31 (0.19, 0.47).

In addition, we preliminarily assessed the association between ALI levels and all-cause and respiratory
disease mortality in asthma patients using Kaplan—Meier analysis. As shown in Fig. 2A, higher ALI levels were
associated with lower all-cause mortality in asthma patients (P <0.0001). Similarly, as illustrated in Fig. 2B,
higher ALI levels were associated with lower respiratory disease mortality in patients with asthma (P <0.0001).

Restricted regression cubic spline

Using smooth curve fitting, We investigated the nonlinear relationship between ALI levels and all-cause and
respiratory disease deaths after adjusting for multiple potential confounders. As shown in Fig. 3A, the results
of the restricted cubic spline analysis indicated a nonlinear relationship between ALI levels and all-cause
mortality in patients with asthma (P for nonlinearity =0.0060). Low levels of ALI were associated with an
increased risk of all-cause mortality in this population. More importantly, as shown in Fig. 3B, we also found a
nonlinear relationship between ALI levels and respiratory disease mortality in the asthmatic population (P for
nonlinearity =0.0149). Additionally, two-piece linear regression showed that the probability of mortality from
respiratory disease decreased progressively to a nadir at an ALI level of 109.13 and then increased as the ALI
level increased.

Subgroup analyses and sensitivity analyses

Table S1 presents the results of a comprehensive subgroup analysis that assessed the relationship between quartiles
of ALI levels and all-cause and respiratory disease mortality among participants with asthma, categorized by
smoking status. Subgroup analyses showed that there was consistently a significant association between ALI
levels and reduced risk of all-cause and respiratory disease mortality in both subgroups, not only in the crude
model but also in multivariable-adjusted Models 1 and 2. We also stratified the association between quartiles of
ALI levels and all-cause and respiratory disease mortality in patients with asthma according to gender, and the
results are shown in Table S2. The results of the subgroup analysis showed that the correlation between quartiles
of ALI levels and all-cause and respiratory disease mortality was not affected by gender and consistently showed
a strong correlation with a reduced risk of mortality. Furthermore, we further stratified the associations between
quartiles of ALI levels and all-cause mortality and respiratory disease mortality in adults with asthma according
to age, and the results are shown in Table S3. The findings indicate that the associations between quartiles of ALI
levels and all-cause and respiratory disease mortality were more robust at ages older than 60 years.

In sensitivity analyses, we first excluded participants with a history of cancer at baseline, and repeated Cox
regressions showed that ALI levels were consistently associated with reduced all-cause and respiratory disease
mortality, both in the crude model and in the multivariable-adjusted models 1 and 2 (Table S4). In addition, we
further excluded the bias caused by other respiratory diseases such as emphysema and chronic bronchitis, and
repeated Cox regressions presented similar results (Table S5). Finally, we excluded participants with asthma who
died in the first two years of follow-up, and similar results were observed in both the crude and adjusted models
(Table S6).
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Asthma
Characteristics Overall, N =40,497 (100%) | No, N=35,028 (86%) | Yes, N=5469 (14%) | P Value
Sex, % <0.001
Female 20,896 (52%) 17,712 (51%) 3,184 (59%)
Male 19,601 (48%) 17,316 (49%) 2,285 (41%)
Age, % <0.001
20-35 years 10,625 (28%) 8,939 (27%) 1,686 (33%)
35-60 years 16,551 (48%) 14,365 (48%) 2,186 (45%)
60+ years 13,321 (24%) 11,724 (25%) 1,597 (22%)
Race/ethnicity, % <0.001
Non-Hispanic White 18,376 (69%) 15,687 (69%) 2,689 (71%)
Non-Hispanic Black 8,123 (11%) 6,856 (10%) 1,267 (12%)
Mexican American 6,965 (8.3%) 6,427 (8.9%) 538 (4.8%)
Other Race—Including Multi-Racial | 3,633 (6.9%) 3,175 (6.9%) 458 (6.7%)
Other Hispanic 3,400 (5.3%) 2,883 (5.2%) 517 (5.8%)
Education level, % 0.001
Below high school 10,600 (17%) 9,349 (17%) 1,251 (15%)
High school 9,400 (24%) 8,181 (24%) 1,219 (22%)
Above high school 20,497 (59%) 17,498 (59%) 2,999 (62%)
Marital status, % <0.001
Married/cohabiting 24,639 (64%) 21,667 (65%) 2,972 (58%)
Widowed/divorced/separated 8,809 (18%) 7,485 (18%) 1,324 (20%)
Never married 7,046 (17%) 5,873 (17%) 1,173 (21%)
Family PIR, % <0.001
<1.0 7,617 (14%) 6,364 (13%) 1,253 (18%)
1.1-3.0 15,745 (36%) 13,673 (36%) 2,072 (36%)
>3.0 13,986 (50%) 12,225 (51%) 1,761 (46%)
Smoking status, % <0.001
Never smoker 21,981 (54%) 19,288 (54%) 2,693 (50%)
Former smoker 9,979 (25%) 8,565 (25%) 1,414 (26%)
Current smoker 8,537 (21%) 7,175 (21%) 1,362 (25%)
Drinking status, % 0.3
Drinker 5,245 (11%) 4,521 (11%) 724 (12%)
Nondrinker 35,252 (89%) 30,507 (89%) 4,745 (88%)
Body mass index, % <0.001
Underweight, kg/m? 647 (1.6%) 562 (1.6%) 85 (1.5%)
Normal, kg/m? 11,339 (29%) 10,036 (30%) 1,303 (26%)
Obese, kg/m? 14,761 (35%) 12,293 (34%) 2,468 (42%)
Overweight, kg/m2 13,750 (34%) 12,137 (34%) 1,613 (30%)
Age, years 46.0 (33.0, 59.0) 46.0 (33.0, 59.0) 44.0 (30.0, 58.0) <0.001
Family PIR 3.00 (1.50, 5.00) 3.05 (1.55, 5.00) 2.70 (1.27, 4.81) <0.001
BMI, kg/m2 28 (24, 32) 28 (24,32) 29 (24, 34) <0.001
Waist Circumference (cm) 97 (87, 108) 97 (87, 108) 99 (87,111) <0.001
Activated physical activity, % 7,777 (66%) 6,815 (66%) 962 (68%) 0.10
Self-reported hypertension, % 13,925 (31%) 11,717 (30%) 2,208 (35%) <0.001
Self-reported diabetes, % 5,944 (11%) 5,013 (10%) 931 (12%) 0.003
White blood cell 6.90 (5.70, 8.40) 6.90 (5.70, 8.40) 7.20 (5.90, 8.80) <0.001
Neutrophils 4.10 (3.20, 5.20) 4.00 (3.20, 5.10) 4.20 (3.20, 5.40) <0.001
Monocyte 0.50 (0.40, 0.70) 0.50 (0.40, 0.70) 0.50 (0.40, 0.70) 0.004
Lymphocyte 2.00 (1.60, 2.50) 2.00 (1.60, 2.50) 2.10 (1.70, 2.50) <0.001
Platelet 246 (209, 290) 245 (208, 289) 251 (213,297) <0.001
ALI 61 (44, 81) 61 (44, 81) 62 (46, 82) 0.030
Continued
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Asthma
Characteristics Overall, N =40,497 (100%) | No, N=35,028 (86%) | Yes, N=5469 (14%) | P Value
ALI classifcation 0.040
Quartile 1 10,125 (24%) 8,841 (24%) 1,284 (23%)
Quartile 2 10,124 (27%) 8,796 (27%) 1,328 (26%)
Quartile 3 10,124 (26%) 8,709 (26%) 1,415 (28%)
Quartile 4 10,124 (23%) 8,682 (23%) 1,442 (23%)

Table 1. Baseline characteristics of adults with asthma in NHANES 1999-2018. PIR, poverty income ratio;
ALLI advanced lung cancer inflammation index. Normally distributed continuous variables are described as
means + SEs, and continuous variables without a normal distribution are presented as medians [interquartile
ranges]. Categorical variables are presented as numbers (percentages). N reflect the study sample while
percentages reflect the survey-weighted.

Quartiles of ALI levels
Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-trend
Range <4398 43.99-61.37 61.38-84.01 > 84.02

Crude 1.00 [Reference] | 1.04 (0.96, 1.13) | 1.12 (1.03, 1.21) | 1.14 (1.05, 1.24) | 0.003
Model 1 | 1.00 [Reference] | 1.04 (0.95,1.13) | 1.12(1.04, 1.22) | 1.11 (1.02, 1.21) | 0.014
Model 2 | 1.00 [Reference] | 1.03 (0.94, 1.12) | 1.10 (1.01, 1.19) | 1.07 (0.98, 1.16) | 0.2

Table 2. OR (95% Cls) of the prevalence of asthma according to quartiles of ALI among adults in NHANES
1999-2018. Data are presented as OR (95% CI) unless indicated therwise; Model 1 was adjusted as age
(continuous), sex (male or female), and race/ethnicity (Mexican American, Other Hispanic, NonHispanic
White, Non-Hispanic Black or Other); Model 2 was adjusted as model 1 plus education level (below high
school, high school, or above high school), family poverty income ratio (<1.0,1.1-3.0, or > 3.0), drinking
status (nondrinker, drinker), smoking status (never smoker, former smoker, or current smoker), BMI (< 18.5,
18.5- 25.0, 25.0-29.9, or > 29.9), activated physical activity (yes or no), self-reported diabetes (yes or no), and
self-reported hypertension (yes or no).

Quartiles of ALI levels

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-trend
Range <45.13 45.14-62.69 62.70-85.86 > 85.87
No. deaths/total | 303/1368 165/1367 147/1367 109/1367
Crude 1.00 [Reference] | 0.48 (0.39, 0.59) | 0.42 (0.34, 0.52) | 0.30 (0.24, 0.38) | <0.001
Model 1 1.00 [Reference] | 0.63 (0.48,0.81) | 0.58 (0.45, 0.75) | 0.42 (0.31, 0.55) | <0.001
Model 2 1.00 [Reference] | 0.64 (0.47,0.87) | 0.62 (0.45, 0.84) | 0.45 (0.32,0.63) | <0.001

Table 3. HRs (95% CIs) of all-cause mortality according to quartiles of ALI among asthma adults in NHANES
1999-2018. Data are presented as OR (95% CI) unless indicated therwise; Model 1 was adjusted as age
(continuous), sex (male or female), and race/ethnicity (Mexican American, Other Hispanic, NonHispanic
White, Non-Hispanic Black or Other); Model 2 was adjusted as model 1 plus education level (below high
school, high school, or above high school), family poverty income ratio (<1.0,1.1-3.0, or > 3.0), drinking
status (nondrinker, drinker), smoking status (never smoker, former smoker, or current smoker), BMI (< 18.5,
18.5- 25.0, 25.0-29.9, or >29.9), activated physical activity (yes or no), self-reported diabetes (yes or no), and
self-reported hypertension (yes or no).

Discussion
We conducted a cross-sectional study to assess the association between ALI levels and asthma prevalence and
long-term mortality in the US population between 1999 and 2018. After adjusting multiple confounders, the
findings revealed no association between ALI levels and asthma prevalence; rather, higher ALI levels were
significantly associated with lower all-cause and respiratory disease mortality in asthma patients. This connection
remained persistent across multiple subgroups and sensitivity analyses. These findings indicate that ALI has the
potential to be a highly useful predictor of outcomes in asthma patients.

Asthma is a chronic inflammatory airway disease in which many inflammatory cells and inflammatory
factors play an important role. Airway inflammation is a major driver of the chronic intermittent nature of
asthma symptoms, which ultimately leads to severe asthma attacks?!?2. It has been found that up to 50% of adult
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Quartiles of ALI levels

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-trend
Range <45.13 45.14-62.69 62.70-85.86 > 85.87
No. deaths/total | 64/1368 19/1367 13/1367 13/1367
Crude 1.00 [Reference] | 0.29 (0.17, 0.47) | 0.20 (0.10, 0.34) | 0.20 (0.10, 0.34) | <0.001
Model 1 1.00 [Reference] | 0.42 (0.27, 0.63) | 0.30 (0.18,0.48) | 0.31 (0.18,0.52) | <0.001
Model 2 1.00 [Reference] | 0.43 (0.29, 0.63) | 0.32 (0.20, 0.49) | 0.31 (0.19, 0.47) | <0.001

Table 4. HRs (95% Cls) of respiratory disease mortality according to quartiles of ALI among asthma adults in
NHANES 1999-2018. Data are presented as OR (95% CI) unless indicated therwise; Model 1 was adjusted as
age (continuous), sex (male or female), and race/ethnicity (Mexican American, Other Hispanic, NonHispanic
White, Non-Hispanic Black or Other); Model 2 was adjusted as model 1 plus education level (below high
school, high school, or above high school), family poverty income ratio (<1.0,1.1-3.0, or > 3.0), drinking
status (nondrinker, drinker), smoking status (never smoker, former smoker, or current smoker), BMI (< 18.5,
18.5- 25.0, 25.0-29.9, or >29.9), activated physical activity (yes or no), self-reported diabetes (yes or no), and
self-reported hypertension (yes or no).

asthmatics and an even higher proportion of children with asthma may experience an exacerbation of allergic
airway inflammation characterized by an abundance of CD41 TH2 cells with increased interleukin (IL)—5and
IL-13 production?*?*. IL-5 is a strong inducer of chemotaxis and an activator of eosinophils, which are abundant
in most asthmatic individuals®. A recent study found that myelopoiesis-promoting G-CSF and cytokines as
the upstream-inducing factors are potential diagnostic and therapeutic targets in patients with neutrophilic
asthma?.

Chronic inflammation accelerates the breakdown of proteins, leading to a decrease in albumin levels. In
addition, inflammation induces insulin resistance, decreases appetite, and hinders the absorption of nutrients,
ultimately leading to weight loss?’~2°. Furthermore, nutrition and diet also play a significant role in the
development and progression of asthma. Fruit and vegetable intake may reduce the risk of developing asthma.
Studies have found that high consumption of fruits and vegetables was found to be associated with a reduced
risk of developing asthma in children and adults’®?!, specifically for apples****and oranges®?. In contrast,
high fat intake and low fiber intake are associated with airway inflammation and worsening lung function in
asthmatics. A study reported that saturated fat intake was also positively associated with a higher percentage of
sputum eosinophils (p=0.001), which correlates with asthma severity and impaired lung function. Likewise,
Kim et al*. found that a high-fat diet resulted in increased airway hyperresponsiveness via enhanced cytokine
production in the lung. Therefore, relying only on a single inflammatory marker to assess the risk of death in
asthma patients is not sufficient to provide accurate predictive results.

The ALI is calculated by combining serum albumin, body mass index and the inflammatory parameter
NLR, which reflects both the inflammatory and nutritional status of the host. A difference between the ALI
and previously reported indices or markers is that the ALI includes not only NLR and albumin, but also BMI,
which is used to assess nutritional status. Low body mass index is considered one of the diagnostic criteria
for malnutrition®, and preoperative low body mass index has independent predictive value as a nutritional
parameter in gastric cancer patients®. In addition, it has been shown that preoperative albumin is a predictor
of prognosis in patients with gastric cancer, and low albumin has the most accurate predictive ability for all
short-term prognoses in patients with gastric cancer’®. Therefore, ALI can achieve accurate prediction of disease
prognosis by assessing inflammation and nutritional status. The prognostic predictive value of ALI in oncologic
and non-oncologic diseases is validated on a large scale. However, ALI and the risk of death in patients with
asthma have not been proven. Our findings suggest that higher ALI levels are associated with a reduced risk
of all-cause and respiratory disease mortality in asthmatics. In addition, the results remained highly consistent
when multiple subgroup analyses and multiple sensitivity analyses were performed. All of those demonstrated
that ALI is a very valuable prognostic predictor for asthma patients with high robustness.

Adolescents have a high asthma prevalence of 9.9%, significantly higher than in adults (7.6%) and children
(3.8%—8.1%)%. Key factors influencing asthma in adolescents include obesity, anxiety, depression, and
exposure to violence®-%2, In contrast, smoking history, chronic bronchitis, and COPD are more significant
in older patients***. Although our stratified analysis showed consistent prognostic value of ALI across age
groups, tailored management strategies may be necessary. In adolescents, controlling weight and promoting
proper nutrition are crucial, as obesity increases asthma morbidity and disease severity. The TENOR study
found that 31% of children with severe asthma were obese**. A balanced diet supports metabolism and mental
health in asthmatic patients*®, and controlling intake of specific dietary components—such as fat, sugar, and
low-nutrient foods—can help mitigate chronic inflammation®’. In elderly asthmatics, attention should be
given to inflammatory and nutritional status within ALI components. As chronic bronchitis and COPD often
coexist in this group, managing airway inflammation is critical. Additionally, long-term inflammation can lead
to nutritional depletion, making a rational diet and optimal nutritional status vital to managing asthma and
reducing mortality*®.

An intriguing finding in our results was the contrasting association of ALI levels with mortality outcomes.
High ALI levels were consistently linked to increased all-cause mortality. However, in the case of respiratory
disease mortality, the rate initially declined with rising ALI, reaching a minimum at 109.13, before gradually
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Fig. 2. Restricted cubic spline analyses the association of ALI with all-cause (A) and respiratory disease (B)
mortality in adults with asthma. Adjusted for age (continuous), sex (male or female), race/ethnicity (Mexican
American, Other Hispanic, Non-Hispanic White, Non-Hispanic Black or Other), education level (below high
school, high school, or above high school), family poverty income ratio (<1.0, 1.1-3.0, or > 3.0), drinking
status (nondrinker, drinker), smoking status (never smoker, former smoker, or current smoker), BMI (< 18.5,
18.5- 25.0, 25.0-29.9, or > 29.9), activated physical activity (yes or no), self-reported diabetes (yes or no), and
self-reported hypertension (yes or no).
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Fig. 3. Kaplan—Meier survival estimates between ALI with all-cause (A) and respiratory disease (B) mortality
in adults with asthma.

increasing. We hypothesize that this difference may stem from the varied composition of all-cause and respiratory
disease-related deaths in asthmatics. Common causes of death in this population include chronic ischemic heart
disease, acute myocardial infarction, and COPD¥, which aligns with our study, where cardiovascular deaths
(367) outnumbered respiratory deaths (109). For respiratory mortality, the primary causes were COPD and
pneumonia. These differences in death composition may explain the distinct RCS curves. Additionally, the
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limited number of respiratory disease deaths (109) in our study may introduce bias. Further research is needed
to clarify the role of ALI in different mortality outcomes.

The Mediterranean Diet (MedDiet) is defined as a traditional dietary pattern of people living in the
Mediterranean Basin in the 1950s and 1960s, characterized by a predominantly plant-based diet, minimally
processed, and rich in monounsaturated fats derived from olive oil, but low in saturated fats, meat, and dairy
products®®>. As a healthy dietary pattern, MedDiet can reduce the risk of metabolic diseases and mortality,
and reduce the incidence of cardiovascular diseases, and a large number of studies have found that MedDiet
has a significant impact on a wide range of diseases, such as type 2 diabetes (T2D), metabolic syndrome (MetS),
obesity, cancer, cognitive decline, and cardiovascular disease mortality®*~>. In recent years, the relationship
between asthma and MedDiet has also gained increasing attention. A review and meta-analysis showed an inverse
association between adherence to a “healthy diet” or a healthy diet rich in fruits and vegetables and the incidence
of asthma in children®. Another randomized controlled trial found that a “healthy diet” supplemented with two
meals of fatty fish per week may be a potential strategy to reduce airway inflammation in childhood asthma®’.
Another study also found that MedDiet may be a reasonable option for preventive intervention in atopic and
asthma®. Therefore, in conjunction with our findings and the existing literature we strongly recommend
adherence to MedDiet in patients with asthma, which may improve their health.

Our study has numerous notable advantages over earlier ones. First, our study was lengthy enough, and
the sample size was large enough, that we could adequately examine the associations between ALI and all-
cause and respiratory disease mortality in asthmatic patients. Second, in our study, the ALI, which represents
both the inflammatory and nutritional status of patients, gives more comprehensive information than a single
inflammatory indicator, making it a more helpful tool in the clinical management and treatment of adult asthma.
Finally, we applied different analysis approaches, including subgroup analysis, sensitivity analysis, and Kaplan-
Meyer analysis, to further identify ALI as the most powerful indicator for estimating the probability of mortality
from all causes and respiratory diseases in patients with asthma.

We must recognize that there are some limitations in this study. First, asthma data in the NHANES database
are self-reported and lack details on treatment and follow-up, which may have influenced our findings. A large
prospective randomized controlled trial is needed to confirm these results. Second, although we adjusted for
factors that could cause bias in our study, including age, sex, and smoking status, there may have been other
unknown confounding factors that affected our results. Third, the ALI indicator we used was calculated based
on one-time CBC parameters and serum albumin, and thus may not reflect the overall status of participants,
which may also contribute to bias.

Conclusions

Through a large-scale nationally representative survey of asthma adults among US individuals, our study found
that higher ALI levels were associated with a reduced risk of all-cause and respiratory disease mortality. Thus, the
ALI may serve as a useful tool to identify high-risk populations of asthma patients in a simple and cost-effective
way. Our findings will contribute to the potential role of ALI in predicting the prognosis of asthma patients and
provide a theoretical foundation for clinical decision-making in asthma patients.

Data availability
Publicly available datasets were analyzed in this study. This data can be found here: The National Health and
Nutrition Examination Survey dataset at https://www.cdc.gov/nchs/nhanes.
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