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Background: Elevated red cell distribution width (RDW) has been implicated in chronic mountain sickness; however, its relationship 
with acute mountain sickness (AMS) remains uncertain. We aimed to evaluate the association between elevated RDW and AMS 
among Chinese young men undergoing high-altitude air ascent.
Methods: 157 participants (median age, 22 years) were enrolled and passively ascended primarily by air from 500 m to 3,650 m, 
spending approximately 3.5 hours. Participants were classified as AMS+ and AMS− based on their Lake Louise AMS score (LLS) 
after 24 hours at 3,650 m. Measurements included heart rate (HR), blood pressure, pulse oximeter saturation (SpO2), and complete 
blood count (CBC). Statistical analyses included correlation analysis, logistic regression, and receiver operating characteristic (ROC) 
curve analysis.
Results: The prevalence of AMS at 3,650 m was 45%. AMS+ participants had higher HR and RDW and lower SpO2 than AMS− 
participants. LLS was positively correlated with age, BMI, HR, and RDW, and negatively correlated with SpO2. Adjusted logistic 
regression revealed independent risk factors for AMS, including lower SpO2 (odds ratio [OR] = 0.809, P < 0.01), higher RDW 
coefficient of variation (RDW–CV) (OR = 2.790, P < 0.01), and a higher neutrophil-to-monocyte ratio (OR = 1.114, P < 0.05). ROC 
curve analysis demonstrated that elevated RDW–CV is a significant diagnostic indicator for AMS, with an optimal cutoff of 13.7, 
yielding a sensitivity of 94.37%, specificity of 45.35%, and an area under the curve (AUC) of 0.703.
Conclusion: The findings suggest that elevated RDW–CV is linked to an increased risk of AMS among Chinese young men primarily 
undergoing air ascent to 3,650 m.
Keywords: acute mountain sickness, blood cell count, hypobaric hypoxia, inflammation, red cell distribution width

Introduction
Rapidly ascending to altitudes above 2,500 m can lead to acute mountain sickness (AMS), a common condition that 
includes symptoms such as headaches, dizziness, gastrointestinal issues (like loss of appetite, nausea, or vomiting), 
weakness or fatigue, and insomnia.1 Although AMS typically resolves on its own, it can sometimes progress to severe 
complications, including high-altitude cerebral edema or pulmonary edema, which can be life-threatening.2 The diagnosis 
of AMS primarily relies on the patient’s self-reported nonspecific symptoms, and there are currently no gold-standard 
criteria, such as a diagnostic biomarker, since the underlying causes of AMS remain unknown.3 Therefore, researching 
a diagnostic biomarker for AMS is essential.

The biological pathways and specific molecular mechanisms underlying AMS are still not fully understood.4,5 

Research suggests that AMS may involve inflammatory processes.1,6,7 Elevated levels of pro-inflammatory cytokines 
and other inflammatory markers, such as C-reactive protein, have been observed during high-altitude exposure8 along 
with cytokines like IL-1, IL-6, and TNF-α.9–12 In adult studies, several indices derived from whole blood cell counts have 
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been introduced as prognostic markers for cancer survival and cardiovascular disease. These include the neutrophil-to- 
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and the systemic immune-inflammation index (SII).13 

Additionally, red cell distribution width (RDW) has been suggested as a biomarker for red cell dysfunction related to 
high systemic inflammation and as a prognostic marker in heart failure and cardiovascular disease.14 RDW reflects the 
extent of red blood cell anisocytosis, a phenomenon strongly modulated by inflammatory status. Elevated RDW has also 
been proposed as an indicator for chronic mountain sickness in patients experiencing high-altitude polycythemia.15 

Existing research demonstrates that RDW is correlated with the length of acclimatization to high altitude.16 To date, 
research exploring the association between RDW and AMS at high altitudes is limited.

Here, we hypothesized that RDW is associated with AMS. Therefore, this study aimed to examine whether RDW is 
associated with AMS in a Chinese young male population primarily undergoing air ascent to high altitude. This study 
provides new evidence of the involvement of inflammation in AMS.

Materials and Methods
Research Design
This cross-sectional study was conducted from August 12–17, 2025, at a site located 3,650 m above sea level in Tibet, 
China. Firstly, the subjects underwent chest radiography, echocardiography, and electrocardiography to verify their good 
physical health at 500 m. All subjects were divided into groups of 30 each. They took a flight of approximately 2.5 hours 
from Chengdu, Sichuan (500 m above sea level), to Gonggar, Tibet (3,569 m above sea level), followed by a roughly 1- 
hour car ride to barracks at an altitude of 3,650 m. High-altitude assessments were conducted following 24 hours of 
altitude exposure for the subjects. During the research process, the subjects maintained the same daily routine and 
refrained from strenuous physical activity, with standardized and uniform dietary and living conditions.

Subjects
Male subjects residing at sea level were recruited if they met all of the following criteria: first, no exposure to high 
altitude (land with an elevation exceeding 2,500 m above sea level)1 within the preceding six months; second, no history 
of respiratory or cardiovascular disease; third, no use of any drugs, including both prescription and over-the-counter 
drugs. Subjects of Chinese Tibetan heritage were excluded. Additional exclusion criteria included any infectious disease 
within the previous two weeks (such as upper respiratory tract infection, pneumonia, or enteritis), as well as a history of 
respiratory disease, cerebrovascular or cardiovascular disease, renal or hepatic disease, or malignant tumor.

All subjects signed informed written consent and were entitled to withdraw from the research at any stage. The 
research was conducted in strict accordance with the Declaration of Helsinki and approved by the Ethics Committee of 
the General Hospital of Western Theater Command, Chinese People’s Liberation Army (Ethics Approval No.: 2022EC3- 
ky062). Furthermore, baseline demographic data of all subjects, such as age, body mass index (BMI), ethnicity, 
educational background, as well as smoking and alcohol consumption habits, were collected using standardized 
questionnaires.

Diagnosis of AMS
After 24 h at 3,650 m, all subjects finished the revised Lake Louise Acute Mountain Sickness (AMS) score questionnaire. 
It covers four symptoms: headache, dizziness, gastrointestinal issues, and fatigue/weakness.17 Each item is scored on a 4- 
point scale ranging from 0 (no symptoms) to 3 (severe symptoms). AMS was confirmed in subjects with headache and 
a total Lake Louise score (LLS) ≥ 3. The LLS system is a well-recognized and standard tool for AMS diagnosis in high- 
altitude studies.18 Subjects were finally divided into AMS-positive (AMS+) and AMS-negative (AMS−) groups accord
ing to their LLS results.

Heart Rate (HR), Blood Pressure (BP), and Pulse Oximeter Saturation (SpO2)
Following 24 h of exposure at 3,650 m, resting HR, BP, and SpO2 of all participants were assessed indoors. It should be 
pointed out that no diffuse oxygen supplementation was available in the room. HR and BP were measured via the 
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OMRON HEM-6200 (Omron Health Care, Inc., Bannockburn, IL, USA), and SpO2 was detected using the Onyx 9500 
(Nonin Medical, Inc., Plymouth, MN, USA). Prior to SpO2 testing, subjects warmed their fingers by keeping their hands 
in their pockets. To guarantee measurement reliability, all indicators were collected three times in succession at roughly 
30-second intervals, with the mean values adopted for subsequent analysis.

Red Cell Distribution Width (RDW)
Blood samples were collected from the median cubital vein using EDTA tubes after subjects were exposed to 3,650 m for 
24 h. The samples were analyzed with standard automated hematology analyzers (XN-9100, Sysmex Co., Saitama, 
Japan) to determine the RDW and other composite inflammatory markers derived from the complete blood count (CBC), 
including the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio (PLR), and the neutrophil-to- 
monocyte ratio (NMR), among others.

Statistical Analysis
Data were expressed as mean ± standard deviation, median (interquartile range), or percentages as applicable. All 
statistical analyses were conducted using SPSS 22.0, with a two-sided P < 0.05 defined as statistically significant. The 
Kolmogorov–Smirnov test was applied for normality testing. Continuous variables were compared by the t-test or Mann– 
Whitney U-test, and categorical variables by the chi-square test. Pearson or Spearman correlation analysis was adopted to 
explore variable correlations according to data distribution. Factors with P < 0.10 in univariate analysis were enrolled in 
multivariable logistic regression, with AMS as the dependent variable. Independent variables included age, BMI, 
ethnicity, smoking, drinking, education, HR, SpO2, BP, RDW, and NMR. Ethnicity, smoking, and drinking were analyzed 
as binary variables, whereas other indicators were treated as continuous variables to screen independent risk factors for 
AMS. Additionally, ROC curve analysis was performed to evaluate the diagnostic value of RDW for AMS.

Results
Clinical Characteristics of the Study Subjects
At 500 m, 182 young Chinese males were enrolled. Incomplete data excluded 25 subjects from the final data analysis. 
Table 1 presents the clinical characteristics of the sample. The age, BMI, ethnicity, education level, alcohol consumption, 
and smoking patterns of the AMS+ group and the AMS− group did not differ significantly.

Prevalence and Clinical Characteristics of AMS Following 24-Hour Exposure at 3,650 M
After 24-hour exposure at 3,650 m, the median LLS was 3 (3–4) in the AMS+ group and 2 (1–2) in the AMS− group, 
with a significant intergroup difference (P < 0.01).

Table 1 Characteristics of the Sample

Variables The AMS+ Group (N=71) The AMS− Group (N=86) P

Age, yrs 23.00 (20.00−24.00) 21.00 (20.00−23.25) 0.150

BMI, kg/m2 21.36 (20.05−23.05) 20.93 (19.59−22.31) 0.110
Ethnicity, Han Chinese 56 (79%) 71 (83%) 0.559

Education 0.591

Junior school 25 (35%) 25 (29%)
High school 37 (52%) 46 (53%)

College 9 (13%) 15 (18%)

Smoking, yes 42 (59%) 51 (59%) 0.985
Drinking, yes 2 (3%) 5 (6%) 0.458

Notes: Median (interquartile range) or n (%). The Kolmogorov–Smirnov normality test verified the non-normal 
distribution of age and BMI. Given this non-normal data characteristic, two-group comparisons of these indicators 
were performed using the Mann–Whitney U-test. The chi-square test was adopted to compare the rates of 
variables listed in the table. 
Abbreviations: AMS, acute mountain sickness; BMI, body mass index.
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In the present study, the prevalence of AMS was 45% (71/157) following rapid aerial ascent to 3,650 m. The most 
prevalent symptoms were dizziness (73%, 115/157), headache (69%, 108/157), fatigue and weakness (61%, 96/157), and 
gastrointestinal discomfort (16%, 25/157). Moreover, the AMS+ group exhibited markedly higher symptomatic pre
valence than the AMS− group (data not shown).

Higher HR but Lower SpO2 in AMS+ Subjects at 3,650 M After 24 Hours
As shown in Table 2, following 24-hour high-altitude exposure at 3,650 m, the AMS+ group showed significantly lower 
SpO2 and higher HR than the AMS− group. There was no statistically significant difference in BP between the two 
cohorts.

Higher RDW−CV and RDW−SD in AMS+ Subjects at 3,650 M After 24 Hours
As indicated in Table 2, after 24 hours at an altitude of 3,650 m, the AMS+ group exhibited significantly higher RDW 
−CV and RDW−SD values compared to the AMS− group. There was no statistically significant difference in NMR 
between the AMS+ and AMS− groups.

Positive Correlations of Total LLS with Age, BMI, HR, RDW−CV, RDW−SD, and 
Negative Correlation with SpO2
To screen for potential AMS risk factors, we carried out a correlation analysis of total LLS in relation to multiple clinical 
and demographic parameters. Significant positive correlations were observed between total LLS and age, BMI, HR, 
RDW−CV, and RDW−SD, whereas SpO2 was inversely associated with LLS (Figure 1). A borderline positive correlation 
was detected between AMS severity scores and NMR (ρ = 0.135, P = 0.092). By contrast, educational background, 
ethnic origin, smoking and drinking behaviors, as well as BP, showed no obvious correlation with LLS (data not shown). 
Further correlation analysis indicated that SpO2 was significantly negatively correlated with both RDW−CV (ρ = −0.202, 
P < 0.05) and RDW−SD (ρ = −0.206, P < 0.05) (Figure 1).

Univariable and Adjusted Logistic Regression Analysis of Risk Factors for AMS
Univariable logistic regression analysis of all participants revealed that lower SpO2 was significantly and negatively 
correlated with AMS. By comparison, higher BMI, RDW−CV, RDW−SD, and NMR were positively associated with 
AMS (Table 3). No significant correlations were observed between AMS and other variables, including age, ethnicity, 
educational level, smoking, alcohol consumption, and blood pressure (Table 3). Further multivariable adjusted logistic 

Table 2 Comparisons of HR, SpO2, BP, NMR, and RDW Between the AMS+ and AMS− Groups

Variables The AMS+ Group (N=71) The AMS− Group (N=86) P

HR, beats/min 85 (79−93) 82 (76−90) 0.043

SpO2, % 87 (85−90) 89 (87−91) < 0.001

SBP, mmHg 114 (108−121) 113 (107−120) 0.487

DBP, mmHg 74 (70−81) 74 (69−80) 0.616

NMR 10.75 (9.25−14.00) 10.25 (8.58−13.00) 0.108

RDW−CV, % 14.30 (14.10−14.60) 14.00 (13.60−14.30) < 0.001

RDW−SD, fl 45.40 (43.60−47.10) 44.50 (42.60−46.20) 0.049

Note: Median (interquartile range). The Kolmogorov–Smirnov normality test demonstrated non-normal distribution for all 
parameters listed in the table For two-group comparisons of the above indicators, the Mann–Whitney U-test was applied. 
Abbreviations: AMS, acute mountain sickness; DBP, diastolic blood pressure; HR, heart rate; NMR, neutrophil-to-monocyte 
ratio; RDW−CV, red cell distribution width coefficient of variation; RDW−SD, red cell distribution width standard deviation; 
SBP, systolic blood pressure; SpO2, pulse oximeter saturation.
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Figure 1 The Lake Louise AMS score relates to various parameters, including (A) age, (B) BMI (body mass index), (C) heart rate (HR), (D) pulse oximeter saturation 
(SpO2), (E) RDW−SD, and (F) RDW−CV. Furthermore, SpO2 is associated with (G) RDW−SD and (H) RDW−CV. AMS, acute mountain sickness; BMI, body mass index; 
HR, heart rate; RDW−CV, red cell distribution width coefficient of variation; RDW−SD, red cell distribution width standard deviation; SpO2, pulse oximeter saturation. The 
Kolmogorov–Smirnov normality test indicated non-normal distribution for all plotted parameters. Given this finding, Spearman correlation analysis was performed to 
investigate correlational relationships across study variables.
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regression analysis demonstrated that reduced SpO2, as well as elevated NMR and RDW−CV, were independent risk 
factors for AMS (Table 3).

Receiver operating characteristic (ROC) curve analysis was subsequently conducted to assess the diagnostic efficacy 
of RDW−CV for AMS. The results validated that increased RDW−CV served as a promising biomarker for AMS 
identification. The optimal RDW−CV cut-off value was 13.7, with a sensitivity of 94.37%, a specificity of 45.35%, and 
an area under the curve (AUC) of 0.703 (95% confidence interval (CI): 0.625–0.774). Moreover, NMR (AUC = 0.575, 
95% CI: 0.493–0.653) and SpO2 (AUC = 0.661, 95% CI: 0.581–0.735) also exhibited critical diagnostic values for AMS.

Discussion
The present study constitutes one of the earliest works investigating the relationship between RDW and AMS. The results 
of this study indicate that elevated RDW−CV may serve as a potential marker of AMS among Chinese young men upon 
rapidly ascending to 3,650 m. In addition, higher NMR and reduced SpO2 were also closely correlated with AMS. 
Therefore, RDW−CV, an objective and readily available biomarker, is recommended for testing in subjects with 
symptoms of AMS upon rapid exposure to plateaus above 3,650 m to facilitate the diagnosis of AMS.

With the ongoing development of western China, a growing number of individuals, particularly young male residents, 
travel to high-altitude areas for work, tourism, and other activities.19 AMS has therefore become a critical health issue for 
populations exposed to high-altitude environments. The rate of ascent and the absolute altitude reached significantly 
affect the prevalence of AMS.1 In the present study, 45% of the 157 enrolled participants developed AMS following air 
ascent to 3,650 m and 24 hours of sustained high-altitude exposure. This prevalence was notably lower than the 84% 
reported in Murdoch’s research, in which subjects flew directly to 3,740 m and resided at 3,860 m overnight.20 The 
discrepancy in AMS prevalence between the two studies may be largely attributed to the distinct altitude reached, as 
rapid altitude gain is a well-recognized risk factor for AMS.21 Variations in the diagnostic criteria for AMS may also 
exert a certain influence. Furthermore, our previously published study observed an AMS rate of 31% among 375 
participants who reached 4,086 m by train within 43 hours.22 Combined with the present findings, these data further 
validate that ascent rate modulates the prevalence of AMS.

The RDW is a routine complete blood count (CBC) indicator that is inexpensive, rapidly detectable, and readily 
accessible. It reflects the degree of anisocytosis, namely the variation in erythrocyte size. Accumulated evidence has 
demonstrated that elevated RDW reflects disrupted erythrocyte homeostasis and is closely correlated with hypoxic 

Table 3 Risk Factors for AMS Among All Participants After Rapid Exposure to 
3,650 m for Twenty-Four Hours

Variable Univariable OR (95% CI) P Multivariable OR (95% CI) P

Age 1.087 (0.978−1.209) 0.123

BMI 1.210 (1.034−1.416) 0.017 1.180 (0.981−1.421) 0.080

Race 1.268 (0.572−2.813) 0.559
Smoking 1.006 (0.531−1.907) 0.985

Drinking 2.130 (0.401−11.324) 0.375

Education 0.781 (0.485−1.257) 0.308
HR 1.027 (0.997−1.057) 0.076

SpO2 0.794 (0.705−0.893) < 0.001 0.809 (0.710−0.922) < 0.001
SBP 1.007 (0.978−1.037) 0.640

DBP 1.009 (0.975−1.045) 0.605

NMR 1.073 (0.990−1.164) 0.086 1.114 (1.107−1.220) 0.020
RDW−CV 3.407 (1.839−6.314) < 0.001 2.790 (1.502−5.181) < 0.001

RDW−SD 1.168 (1.021−1.336) 0.024

Notes: The dependent variable is acute mountain sickness. 
Abbreviations: AMS, acute mountain sickness; BMI, body mass index; CI, confidence interval; DBP, diastolic blood 
pressure; HR, heart rate; NMR, neutrophil-to-monocyte ratio; OR, odds ratio; RDW−CV, red cell distribution width 
coefficient of variation; RDW−SD, red cell distribution width standard deviation; SBP, systolic blood pressure; SpO2, 
pulse oximeter saturation.
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status.23,24 Clinically, increased RDW is positively linked to disease severity in patients with obstructive sleep apnea.25 

Likewise, in children with pulmonary arterial hypertension secondary to congenital heart disease, higher RDW levels are 
significantly associated with hypoxia, right ventricular fractional area change, and left ventricular ejection fraction.26

Hypoxia is well recognized as the core initiating factor of AMS, and inflammatory responses also participate in its 
pathological progression.1,6,7 Notably, RDW serves as a biomarker of low-grade inflammation and can mirror the severity 
of inflammatory activation.27,28 Consistent with our primary observations at 24 h post-exposure to 3,650 m, individuals 
presenting AMS exhibited higher RDW−CV and RDW−SD levels relative to those without AMS. The positive linear 
association between LLS and the two RDW indices further supports their close linkage to AMS severity. More 
importantly, multivariate logistic regression identified elevated RDW−CV as an independent predictor of AMS onset, 
implying its potential value in risk stratification for AMS. At present, relevant studies focusing on RDW and high-altitude 
disorders remain scarce. Only one previous study has reported elevated RDW in patients with chronic mountain sickness 
complicated by high-altitude polycythemia.15 Another study reported an association between RDW and the duration of 
high-altitude acclimatization.16 The current study is among the earliest investigations exploring the association between 
RDW and AMS. Elevated levels of pro-inflammatory mediators triggered by high-altitude hypoxia impair the body’s 
anti-inflammatory defense, culminating in the development of AMS.7 Considering the critical role of inflammation 
induced by high-altitude hypoxia in AMS pathogenesis and the close connection between RDW and inflammatory status, 
we hypothesize that inflammation induced by high-altitude hypoxia may be a key contributor to RDW elevation in AMS 
patients. However, restricted by research funding, this study failed to measure classic inflammatory markers such as 
interleukin-1 and interleukin-6 in our study population.

In addition, our results indicated that elevated NMR was significantly correlated with AMS. As a CBC-derived 
inflammatory biomarker, NMR has been widely investigated in multiple diseases. Existing studies have validated the 
prognostic potential of NMR for evaluating inflammatory status in patients with pancreatic cancer and locally advanced 
gastric cancer.29 Similarly, increased NMR has been recognized as an independent risk factor for severe COVID-19, with 
satisfactory sensitivity and specificity for clinical prediction.30 Collectively, these findings further support the essential 
involvement of inflammation in the pathogenesis of AMS. Of note, no significant correlations were found between AMS 
and other CBC-related inflammatory indices in the present cohort (data not shown). Such negative results may be 
attributable to the short-term acute hypoxic exposure in this high-altitude setting.

Previous studies have identified elevated BMI as a risk factor for AMS.31,32 Consistent with these reports, our study 
also found a positive correlation between BMI and AMS. Nevertheless, this association disappeared in the multivariable 
regression model. A plausible explanation is that all enrolled participants were young males, and the number of subjects 
with high BMI was relatively limited in this cohort.

Hypobaric hypoxia serves as the predominant pathogenic etiology of AMS. Owing to its non-invasive property and 
operational simplicity, SpO2 monitoring is regarded as a critical auxiliary biomarker for the early prediction and clinical 
diagnosis of AMS.33–35 Heterogeneity in high-altitude exposure regimens and pulse oximetry detection modalities across 
different studies contributes to substantial discrepancies in relevant research conclusions.36 In our study, all participants 
experienced a controlled high-altitude environment using the same passive exposure method. Our results confirm that 
lower SpO2 levels are a significant risk factor for AMS. Furthermore, our recently published clinical evidence further 
consolidates the above conclusion.22

Limitations
This study presents several strengths, including a consistent ascent profile, alongside notable limitations. Firstly, the 
participant cohort was exclusively male, which may introduce a potential sex bias. Secondly, with a median age of 22 
years, the generalizability of the findings to older populations is limited. Additionally, due to funding constraints, 
inflammatory markers such as interleukin-1 and interleukin-6 could not be measured. Fourthly, hematological character
istics were not assessed before ascent, leaving uncertainty regarding any potential effects of altitude. Finally, the study 
focused on a single altitude level and a single observation point; these aspects warrant further investigation in future 
research.
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Conclusion
The current study suggests that elevated RDW−CV is associated with AMS in Chinese young men primarily undergoing 
air ascent to 3,650 m. Furthermore, elevated NMR and decreased SpO2 were strongly associated with AMS. Additional 
research involving women, older adults, higher altitudes, and longer observation periods is needed to confirm these 
findings.
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