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The relationship between red
blood cell distribution width and
long-term prognosis of asthma: a
population-based study
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Statistically, 30% of asthma deaths occur among asthmatics with insignificant symptoms, which
creates a social burden. We aimed to analyze the role of erythrocyte distribution width (RDW) in the
prognosis of asthma, especially in patients with insignificant symptoms. We included 3039 adult (=20
years) asthma patients from the National Health and Nutrition Examination Survey (NHANES). Cox
regression was used to assess the association between RDW and long-term mortality. We adjusted
three models to reduce potential bias. Subgroup analysis is used to evaluate specific populations. In
addition, receiver operating characteristic (ROC) curves were used to analyze the predictive effect

of RDW on asthma mortality. After a mean follow-up of 130 months, we found a positive correlation
between RDW and long-term mortality. After aliquoting RDW into thirds, the high RDW (RDW = 13.0%)
group had higher all-cause mortality (HR 1.66, 95% Cl 1.18-2.34) and respiratory mortality (HR 8.69,
95% Cl 2.03-37.3). There was a significant interaction of RDW in the male and wheezing subgroups

for respiratory mortality. Combining RDW and wheezing, we found that patients with high RDW and
wheezing had the most increased respiratory mortality, and patients with high RDW but no wheezing
also had higher mortality. Furthermore, the area under the curve of the RDW in predicting respiratory
death in asthmatics was greater than 80%. Our study showed an association between high RDW and
poor prognosis in asthma patients. In combination with wheezing symptoms, RDW is expected to be a
biomarker for asthma management.
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Abbreviations

RDW Red blood cell distribution width
COPD Chronic obstructive pulmonary disease
NHANES  National Health and Nutrition Examination Survey
BMI Body mass index

ICS Inhaled corticosteroids

SABA Short-acting Beta2 agonist

ROC Receiver operating characteristic

BAL Bronchoalveolar lavage

FEV, Forced expiratory volume in 1 s

CVD Cardiovascular disease

Asthma is a common chronic inflammatory disease of the airways, affecting approximately 300 million people
worldwide!. In recent years, despite significant advances in treatment, asthma hospitalization rates remain
higher than expected and even end in tragic deaths>®. GINA 2024 suggests that up to 30% of asthma-related
deaths occur in patients who have infrequent asthma symptoms and whose physicians do not believe they need
to be controlled. It is often related to inadequate recognition and management of the disease itself. Unlike many
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other chronic diseases, most management decisions in asthma are made in nonspecialized settings, such as
general practitioners and emergency departments®. Our primary objective was to identify a biomarker that aids
clinicians in assessing the severity and prognosis of asthma.

Red blood cell distribution width (RDW) is a cheap and readily available parameter used in the differential
diagnosis of anemia®. Extensive research has revealed that elevated RDW levels are closely linked to inflammatory
responses and act as an independent risk factor for cardiovascular, endocrine, and cancer-related conditions*”.
Additionally, there has been a notable surge in investigating RDW’s role in respiratory diseases. RDW is an
independent risk factor for poor prognosis of pulmonary fibrosis, pulmonary embolism, and chronic obstructive
pulmonary disease (COPD)3-11,

Few studies have been conducted on RDW and asthma prognosis, and asthma prognostic analyses
incorporating wheezing symptoms are similarly sparse. We plan to use data from the National Health and
Nutrition Examination Survey (NHANES) from 2003 to 2012. The primary focus of the study will be to
investigate the association between RDW and long-term mortality in asthma patients, considering all-cause
and respiratory mortality. We used a cohort study design to analyze whether RDW can be used as a prognostic
marker for asthma.

Methods

Study population

NHANES is a study based on the entire U.S. population. Data collection included home screening, interviews,
and physical examination!2. To ensure the representation of the overall U.S. population, NHANES staff annually
selected a sample of 15 counties, encompassing approximately 5000 individuals, and calculated sampling weights
using complex sampling techniques. All information from the NHANES project is available on the official
NHANES website!®. The Ethics Committee of the National Centre for Health Statistics approved the NHANES
survey study. All participants signed an informed consent form and data were de-identified, so no additional
ethical waivers were required. This study was carried out in accordance with the Declaration of Helsinki.

Our study population was patients with asthma > 20 years old. We chose this age group specifically to ensure
the availability of follow-up data for the study participants. The presence of asthma was determined by the
subject’s affirmative answers to the following questions, “Has a doctor or other health professional ever told you
that you had asthma?“. Non-responders with no history of smoking, chronic bronchitis or emphysema but on
anti-asthma medications were also categorized as asthmatics'*. Since RDW is a relevant indicator of anemia, we
excluded anemic populations from our analysis. Anemia was hemoglobin <130 g/L in men, <120 g/L in non-
pregnant women, and <110 g/L in pregnant women. Figure 1 illustrates the detailed inclusion and exclusion
criteria.

RDW measurement

RDW levels (%) are measured by the Coulter Analyzer in the Mobile Inspection Center and have a standard
range of 11.5-14.5%'>'6. To elucidate the relationship between RDW and mortality in patients with asthma, we
did mean tertile groups based on the values of RDW (T1: 10.8-12.3%, T2: 12.4-12.9%, T3: > 13.0%).

Clinical mortality

The study’s primary outcome was all-cause and respiratory mortality in patients with asthma. We included
asthma-related deaths, defining respiratory mortality as deaths due to chronic lower respiratory disease (J40-
J47)"7. We determined 3-year, 5-year, and 7-year mortality rates from all causes based on the duration and
outcome of follow-up.

Study covariates

We included demographic data to reduce potential bias, including age, sex, race, smoking status, body mass index
(BMI), eosinophils, hemoglobin, and Inhaled corticosteroids (ICS). The ICS mainly includes beclomethasone,
fluticasone, and budesonide. The SABA mainly includes albuterol. Drug information was extracted from the
NHANES formulary (RXQ_RX). The race is divided into Non-Hispanic White, Mexican American, Non-
Hispanic Black, and other races. Smoking status was categorized as never (smoking <100 cigarettes), former
(smokes > 100 cigarettes but has quit), and current (still smoking).

Our study considered the associations between RDW and several medical conditions, including cardiovascular
disease (CVD), COPD, hypertension, and diabetes®!3. CVD is any of the diseases reported by the patient (heart
attack, coronary artery disease, congestive heart failure, stroke). COPD was defined as any of the following: (a)
Individuals reporting emphysema, (b) Individuals with FEV1/FVC < 70% after inhalation of bronchodilators, and
(c) Individuals reporting chronic bronchitis who were on medications to treat COPD and excluded asthma'®. The
presence of one of the following conditions was defined as diabetes (fasting blood glucose = 7.0 mmol/L, glycated
hemoglobin > 6.5%, glucose tolerance test>11.1 mmol/L, taking glucose-lowering medication, diagnosed by an
internist)?°. Hypertension is defined as compliance with either condition (systolic blood pressure>140 mm Hg
or diastolic blood pressure > 90 mm Hg, taking antihypertensive medication, diagnosed by a physician)*..

We used the past year’s management of asthma patients as covariates, including wheezing, asthma emergency
room visits, and overnight hospitalizations. The presence of wheezing was defined by the subject’s affirmative
response to the following question, “In the past 12 months, have you wheezed or whistled in your chest?“. An
asthma emergency is when a patient must go to an emergency room or urgent care center within the past 12
months because of asthma. Overnight hospitalizations are hospital stays in the past 12 months, excluding
emergency room visits.
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Fig. 1. Flow chart.

Statistical analysis

Continuous data that conformed to normal distribution were expressed as mean (standard deviation, SD), and
count data were expressed as N (%). Comparisons between variables were made using one-way ANOVA and
chi-square tests. The number of missing values for all covariates was less than 0.3%. Due to the small number of
missing variables, we treated these missing values as blank variables when analyzing the data.

We applied Cox regression to analyze the association of RDW with all-cause and respiratory mortality. We
adjusted the three models to reduce potential factors’ bias. Model 1 was adjusted for sex, age and race. Model
2 adjusted for age, race, smoking history, education, COPD, CVD, hypertension, diabetes, ICS use, SABA
use, wheezing, and overnight hospitalizations (variables with P<0.05 in univariate COX regression analysis).
Model 3 was adjusted for sex, age, race, smoking history, BMI, education, COPD, hypertension, cardiovascular
disease, diabetes, eosinophils, ICS use, SABA use, hemoglobin, wheezing, asthma emergency, and overnight
hospitalizations.

To further explore the predictive effect of RDW on various causes of mortality, we applied time-dependent
subject work characteristics (ROC) to assess the predictive impact of RDW on 3-year, 5-year, and 7-year
mortality?>. We plan to use subgroup analyses to explore the relationship between RDW and mortality in
each group, which will be presented as a forest plot. Kaplan-Meier survival curves were plotted to examine the
relationship between RDW and mortality. We also use fitted curves to analyze the relationship between RDW
and mortality.

Sensitivity analysis
All analyses were conducted using complex sampling weights (wtmec4 year). In addition, we performed four
sensitivity analyses to ensure the stability of the results. First, the inclusion of the anemic population in the study
was analyzed to avoid potential bias due to the its exclusion. Second, we excluded those who died at 2 years of
follow-up to exclude potential reverse causality. Third, respiratory mortality was analyzed using competing risk
models to determine their consistency with Kaplan-Meier survival curve results.

The study analysis used R v4.2.2 (http://www.R-project.org, The R Foundation).
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Results

Baseline characteristics

A total of 3039 participants were enrolled in our study. These 3039 participants can be weighted to reflect
26,381,207 individuals across the United States (Table S1). The mean follow-up was 130 months (range 4-205
months). The average age of subjects was 46.3 years; 57.3% were female, and 53.7% were white (Table 1). The
high RDW group (Tertile 3: RDW 213.0%) had higher age, BMI, smoking history, and comorbidities (COPD,
CVD, hypertension, diabetes). In terms of asthma-related aspects, the high RDW group had higher ICS and
SABA rates, were more likely to see a physician for asthma, and had higher all-cause and respiratory mortality
rates. Univariate Cox analysis was performed to analyze the relationship between covariates and mortality. The
results (Table S2) found that age, race, smoking history, education, COPD, CVD, hypertension, diabetes, ICS use,
SABA use, wheezing, and overnight hospitalizations were associated with all-cause and respiratory mortality in
patients with asthma.

Association between RDW and outcomes
As shown in Table 2, RDW was significantly associated with mortality in all four models. After adjustment for
Model 3, each unit increase in RDW was associated with a 15% increase in the risk of all-cause mortality and a

RDW-tertile

Low Middle High
Variables 10.8-12.3% (n=997) | 12.4-12.9% (n=953) | 213.0% (n=1089) | P
Age, Mean +SD 41.5+£16.6 46.1+17.4 50.9+18.0 <0.001
Female, n (%) 528 (53) 538 (56.5) 676 (62.1) <0.001
Ethnicity, n (%) <0.001
Non-Hispanic White 607 (60.9) 523 (54.9) 502 (46.1)
Mexican American 99 (9.9) 102 (10.7) 84 (7.7)
Non-Hispanic Black 139 (13.9) 174 (18.3) 349 (32.0)
Other Race 152 (15.2) 154 (16.2) 154 (14.1)
BML n (%) <0.001
<25 336 (33.7) 265 (27.8) 225 (20.7)
25-30 319 (32.0) 282 (29.6) 294 (27.0)
>30 342 (34.3) 406 (42.6) 570 (52.3)
Smoke, n (%) <0.001
Never smoker 507 (50.9) 491 (51.5) 450 (41.4)
Former smoker 228 (22.9) 233 (24.4) 322 (29.6)
Current smoker 262 (26.3) 229 (24.0) 316 (29.0)
Education, n (%) <0.001
< High school diploma 55 (5.5) 65 (6.8) 112 (10.3)
Completed high school 350 (35.1) 366 (38.4) 457 (42.0)
> College 592 (59.4) 522 (54.8) 520 (47.8)
Comorbidities, n (%)
COPD 104 (10.4) 127 (13.3) 233 (21.4) <0.001
CVD 87 (8.7) 116 (12.2) 232 (21.3) <0.001
Hypertension 336 (33.7) 378 (39.7) 604 (55.5) <0.001
Diabetes 186 (18.7) 219 (23.0) 362 (33.2) <0.001
Asthma related, n (%)
Eosinophils > 300/ul 339 (34) 311 (32.6) 373 (34.3) 0.715
ICS use 116 (11.6) 117 (12.3) 197 (18.1) <0.001
SABA use 182 (18.3) 166 (17.4) 278 (25.6) <0.001
Hemoglobin 14.6+£1.2 14.4+1.3 14.0£1.2 <0.001
Asthma attacks, n (%)
Wheezing 436(45.1) 397(41.8) 539(48.0) 0.205
Asthma emergency 56 (5.6) 72 (7.6) 124 (11.4) <0.001
Overnight hospitalizations | 106 (10.6) 128 (13.4) 259 (23.8) <0.001
Mortality, n (%)
All-cause 78 (7.8) 115 (12.1) 241 (22.1) <0.001
Respiratory-related 3(0.3) 15 (1.6) 39 (3.6) <0.001

Table 1. Characteristics of participants, 2003-2012 NHANES (n=3039). RDW red blood cell distribution
width, BMI body mass index, COPD chronic obstructive pulmonary disease, CVD cardiovascular disease, ICS
inhaled corticosteroids, SABA short-acting Beta2 agonist.
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1.00

Crude Model 1 Model 2 Model 3
Cause of death HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
All-cause mortality
RDW (%) 1.25 (1.18-1.33) | <0.001 | 1.21 (1.15-1.28) | <0.001 | 1.09 (1.08-1.10) | <0.001 | 1.15(1.09-1.21) | <0.001
Low (10.8-12.3%) 1(Ref) 1(Ref) 1(Ref)
Middle (12.4-12.9%) | 1.83 (1.33-2.50) | <0.001 | 1.31 (0.96-1.80) 0.09 | 1.21(0.89-1.64) 0.22 | 1.24(0.92-1.68) 0.16
High (=13.0%) 4.11 (2.90-5.82) | <0.001 | 2.16 (1.58-2.97) | <0.001 | 1.63 (1.17-2.26) | 0.003 | 1.66 (1.18-2.34) | 0.004
Respiratory mortality
RDW (%) 1.28 (1.19-1.38) | <0.001 | 1.27 (1.17-1.37) | <0.001 | 1.11 (1.08-1.13) | <0.001 | 1.17(1.06-1.28) 0.001
Low (10.8-12.3%) 1(Ref) 1(Ref) 1(Ref) 1(Ref)
Middle (12.4-12.9%) | 7.37 (1.93-28.1) 0.001 | 5.16 (1.33-20.1) 0.023 | 3.99 (0.97-16.4) 0.055 | 4.39 (1.03-18.7) 0.045
High (213.0%) 23.8(6.26-90.2) | <0.001 | 12.2 (3.09-48.5) | <0.001 | 6.86 (1.67-28.3) | 0.008 | 8.69(2.03-37.3) | 0.004

Table 2. Weighted relationship between RDW (%) and long-term mortality. Model 1 was adjusted for sex, age,
and race. Model 2 adjusted for age, race, smoking history, education, COPD, CVD, hypertension, diabetes,

ICS use, SABA use, wheezing, and overnight hospitalizations (variables with P<0.05 in univariate COX
regression analysis). Model 3 was adjusted for sex, age, race, BMI, smoking history, education, COPD, CVD,
diabetes, hypertension, eosinophils, ICS, SABA, hemoglobin, wheezing, asthma emergency, and overnight
hospitalizations.
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Fig. 2. Receiver operating characteristic curves between RDW and different mortality in asthma.

17% increase in the risk of respiratory mortality. In addition, there was a significantly higher all-cause mortality
(HR 1.66, 95% CI 1.18-2.34, P=0.004) and respiratory mortality (HR 8.69, 95% CI 2.03-37.3, P=0.004) in the
high-RDW (Tertile 3: RDW >13%) group compared with the low-RDW (Tertile 1: RDW <12.3%). This result
remained stable across the sensitivity analysis (Table S3-S4). Figure S1 illustrates the fitted curves for RDW
versus all-cause and respiratory mortality. Kaplan-Meier survival curves (Fig. S2) and competing risk models
(Fig. S3) also suggest that higher RDW is associated with poorer long-term prognosis (all-cause and respiratory
mortality) in asthma patients.

Figure 2 shows the results of the time-dependent ROC curves. As shown, RDW was excellent in predicting
respiratory-related deaths in asthma patients, with an area under the curve (AUC) of 0.802 (3 years), 0.834 (5
years), and 0.767 (7 years), respectively. The area under the curve (AUC) of RDW for all-cause mortality in
patients with asthma was 0.700 (3 years),0.691 (5 years), and 0.674 (7 years), respectively.

We drew forest plots (Fig. 3) after stratifying the analysis by age, race, smoking status, body mass index, CVD,
COPD, wheezing, asthma emergencies, and overnight hospitalizations. The relationship between RDW and all-
cause mortality remained stable across subgroups (P for interaction > 0.05). For respiratory mortality, there was a
significant interaction of RDW in the gender and wheezing subgroups (P for interaction <0.05). The association
between RDW and respiratory mortality was more pronounced in men and among asthmatics without wheezing
symptoms.

Scientific Reports |

(2025) 15:6487

| https://doi.org/10.1038/s41598-025-87469-8 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

All-cause mortality Respiratory mortality
Value HR(95%Cl) P for interaction HR(95%Cl) P for interaction
Crude 1.25(1.18,1.33) > 1.28(1.19,1.38) >
Model 3 1.15(1.09,1.21) > 1.17(1.06,1.28) -
Sex 048 0.002
Male 1.20(1.01,1.42) —a— 1.50(1.14,1.98) ——
Female 1.16(1.10,1.22) - 1.11(1.00,1.23) o
Age 0.36 0.10
<60 1.20(1.12,1.28) - 1.29(1.11,1.49) -
260 1.13(0.99,1.29) — . 1.37(1.09,1.72) —a—
Current smoker 0.12 0.29
Yes 1.27(1.08,1.50) e 1.14(1.08,1.20) -
No 1.33(1.06,1.67) 1.19(1.02,1.38) -
BMI 0.43 0.16
<25 1.09(1.03,1.15) - 1.06(0.95,1.19) -
25-30 1.47(1.17,1.85) om 2.18(1.12,4.24) S S—]
>30 1.20(1.03,1.40) — 1.33(0.96,1.82) —a—
Ethnicity 0.22 0.87
White 1.17(1.12,1.23) - 1.20(1.10,1.31) -
Non-White 1.59(1.32,1.92) —— 1.56(1.11,2.19) —a—
COPD 0.26 0.42
Yes 1.12(1.07,1.17) - 1.15(1.04,1.27) -
No 1.22(1.04,1.44) —— 1.15(0.80,1.65) —
CvD 043 0.21
Yes 1.12(1.06,1.19) ‘- 1.32(0.97,1.80) .
No 1.20(1.03,1.40) R 1.16(1.06,1.27) ‘-
wheezing 0.74 0.037
Yes 1.15(1.08,1.23) ‘- 1.15(1.05,1.25) -
No 1.05(0.90,1.24) —— 2.16(1.20,3.88) ——
Asthma emergency 0.21 0.72
Yes 1.37(0.82,2.30) —_— 2.99(0.88,10.2) —_—
No 1.14(1.07,1.20) - 1.16(1.06,1.28) ‘-
Overnight hospitalizations 0.24 0.18
Yes 1.23(1.06,1.43) —— 1.37(1.08,1.73) ——
No 1.14(1.09,1.20) - 1.12(1.00,1.25) -
T T T T T T
0.50 1.0 20 0.50 1.0 X
Effect(95%Cl) Effect(95%Cl)

Fig. 3. Forest plot between RDW and all-cause and respiratory deaths in asthmatics.

Cause of death HR (95% CI) P
All-cause mortality

No wheezing, RDW <13.0% | 1 (Ref)
Wheezing, RDW <13.0% 1.11 (0.77-1.61) 0.58
No wheezing, RDW >13.0% | 1.26 (0.87-1.84) 0.23
Wheezing, RDW >13.0% 1.81 (1.22-2.67) 0.003
Respiratory mortality
No wheezing, RDW <13.0% | 1 (Ref)
Wheezing, RDW < 13.0% 3.95(1.11-14.0) 0.033
No wheezing, RDW >13.0% | 5.66 (1.42-22.5) 0.014
Wheezing, RDW >13.0% 9.79 (2.55-37.6) | <0.001

Table 3. RDW combined with wheezing symptoms in relation to mortality. Adjusted for sex, age, race, BMI,
smoking history, education, COPD, CVD, diabetes, hypertension, eosinophils, ICS, SABA, hemoglobin,
wheezing, asthma emergency, and overnight hospitalizations.

Given the interaction between wheezing and RDW, we further divided the study population into four groups
(No wheezing, RDW < 13.0%; wheezing, RDW < 13.0%; No wheezing, RDW >13.0%; wheezing, RDW >13.0%)
to perform multivariate COX regression. Tertile 1 and Tertile 2 in the RDW were combined into one group
because the number of respiratory deaths in both groups was small after grouping by wheezing. Table 3
shows that patients with symptoms of wheezing and elevated RDW had an elevated risk of all-cause mortality
(wheezing, RDW >13.0%: HR 1.81, 95% CI 1.22-2.67, P=0.003) compared with the group without wheezing
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and with a low to moderate RDW; and in terms of respiratory mortality, the other three groups had an elevated
risk of respiratory mortality when compared with the former (wheezing, RDW <13.0%: HR 3.95, 95% CI 1.11-
14.0, P=0.033; No wheezing, RDW > 13.0%: HR 5.66, 95% CI 1.42-22.5, P=0.014; wheezing, RDW >13.0%: HR
9.79, 95% CI 2.55-37.6, P<0.001).

Discussion

Few previous studies have examined the relationship between RDW and the prognosis of asthma patients. Our
findings shed light on the crucial role of RDW as a significant prognostic indicator in this population. Asthma
patients with high RDW had higher long-term mortality (all-cause and respiratory) than controls. Combining
RDW and wheezing, we found that patients with high RDW and wheezing had the most increased respiratory
mortality, and patients with high RDW but no wheezing also had higher mortality. This association remained
stable in the three models adjusted for different covariates. In addition, the results of the sensitivity analyses were
similar to the main results.

Asthma is a chronic airway disease that requires long-term treatment, and even asthmatics with mild
symptoms can have life-threatening attacks??%. As articulated in GINA 2024, the definition of severe asthma is
widely accepted and used. However, the utility and relevance of mild asthma’s definition is unclear. Patients and
clinicians often interpret “mild asthma” as not being at risk and not requiring controlled treatment. Nevertheless,
it is disheartening to note that up to 30% of asthma-related deaths occur in patients with infrequent asthma
symptoms. Our study found that asthmatics with wheezing symptoms in the past year had a higher risk of
respiratory death, regardless of RDW. Poorer asthma management increases the risk of death in asthmatics,
which is in line with the perception of the disease. On the other hand, we found that patients without wheezing
symptoms but with elevated RDW (RDW >13.0%) also exhibited a higher risk of respiratory death. Our study
confirms that RDW holds promise as a biomarker for managing prognostic risk in asthma patients.

As RDW was significantly associated with mortality in asthmatic patients, we further performed a time-
dependent ROC analysis of RDW and mortality from all causes. The area under the curve (AUC) of RDW for
predicting respiratory-related mortality in asthmatic patients was 0.802 (3 years), 0.834 (5 years), and 0.767 (7
years), respectively. The 80% area under the curve and the long-term predictive effect make RDW a promising
biomarker for assessing the prognosis of asthma patients. Subgroup analyses also showed that male asthmatics
with high RDW were at higher risk of respiratory mortality (P for interaction <0.05). Another study on heart
failure confirmed the higher correlation of RDW in men with poor prognoses?. We should pay more attention
to the high RDW in men with asthma.

Several studies have suggested that elevated RDW may indicate an increased inflammatory response and
oxidative stress>*®%’. Inflammatory cytokines have been observed to hinder the maturation of erythrocytes
induced by erythropoietin, leading to an increase in RDW?%, Additionally, oxidative stress and lower oxygen
partial pressure can contribute to RDW elevation by causing damage to red blood cells and shortening the life
span®>%’. The diagnosis of intermittent hypoxaemia is often overlooked in clinical work. However, this condition
can trigger various compensatory reactions and contributes to adverse events. This finding helps to explore the
pathophysiological mechanisms that may influence asthma outcomes and to make targeted interventions.

RDW has also been used as a proxy indicator for iron deficiency®3!. Perturbations in systemic and pulmonary
iron levels have been linked to pulmonary inflammation in various diseases, including asthma®. Ali found
that the free iron level in bronchoalveolar lavage (BAL) supernatant was reduced in asthmatic patients and
associated with lower forced expiratory volume in 1 s (FEV1)33. Another study also confirmed that high serum
ferritin levels were associated with a reduced chance of asthma®’. Decreased circulating and pulmonary iron
levels impair erythropoiesis, leading to elevated RDW?°. In addition to the above mechanisms, recent studies
have identified multiple proteins of the senescence-associated secretory phenotype involved in the association
between RDW and mortality®®. Cellular senescence may be an important reason why high RDW is associated
with high mortality in asthma patients.

This study has a relatively large asthma population and applies complex sampling weights to reduce sampling
error. Undeniably, there are some limitations to our research. First, because the diagnosis of asthma, COPD,
and CVD is obtained through self-report, it may lead to potential bias. Due to the limitations of retrospective
studies, some COPD patients may be misdiagnosed as having asthma. Secondly because it was a retrospective
study, asthma severity classifications and more detailed causes of death due to asthma (J-45) were difficult to
obtain. Third, the data from the survey of asthmatics came from a decade ago, and guidelines and medication
application changes may have caused some bias. Fourth, because the included population was asthmatics aged
20 years and older, our results cannot be generalized to asthmatics under 20 years of age. Finally, this study
was a single-database study, and we hope to consolidate our results in the future by applying multicenter data
especially including a similar asthma-free control group.

Conclusions

Our study shows an association between elevated RDW and poor prognosis in asthma patients. Asthmatics
without wheezing symptoms but with elevated RDW have a higher risk of respiratory death. Future studies
need to focus on the predictive role of dynamic changes in RDW in asthma control. In addition, because asthma
behaves differently in children than adults, revealing the relationship between RDW and childhood asthma may
provide valuable insights into the disease early development of the disease.

Data availability
The research data is available directly from the official NHANES website (https://www.cdc.gov/nchs/nhanes/in
dex.htm).
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