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A randomized, double-blind, placebo-controlled trial was conducted to investigate the efficacy of 
prophylaxis by administering compound Danshen dripping pills (CDDPs) on acute mountain sickness 
(AMS). To this end, a total number of 58 healthy low-altitude inhabitants residing in Beijing were 
randomized to two treatment sequences, receiving either 270mg CDDPs or placebo during an 11-day 
trip in Tibet, China, at an altitude of more than 3000 m. The Lake Louise Scoring System (LLSS) was 
also utilized to access AMS incidence and severity, twice a day, during the research period. AMS was 
further diagnosed when headaches and LLSS≥ 3 were present. A total of 54 subjects completed the study 
and no significant difference was observed in the number of individuals with AMS between the groups. 
However, during the whole observation period, the LLSS values for comprehensive AMS symptoms 
in the group receiving CDDPs indicated lower occurrence than those in the placebo (CON) group. It is 
noteworthy that, on day 3 (arrival at Lhasa, altitude 3658 m), AMS symptoms (LLSS=3.79) in the CON 
group had clearly aggravated (P=0.0475) in contrast to those in the group with administration of CDDPs 
(LLSS=2.31). Besides, arterial oxygen saturation (SaO2) value for those taking CDDPs was significantly 
higher than that in the CON group (87.86% vs. 85.72%, P=0.0388) on day 10. These preliminary findings 
suggested that CDDPs might be regarded as an effective prophylaxis for AMS to a certain extent without 
any specific adverse effects, relieving clinical manifestations of AMS, especially after rapid ascents 
(Clinical Trial Registry Number: NCT03270787).

INTRODUCTION

Acute mountain sickness (AMS) often occurs in low-
altitude residents or unacclimatized individuals who 

ascend rapidly to regions with above 2500 m altitude (Luks 
et al., 2017). More than one-fourth of people travelling to 
above 3500 m and more than one-half of those traveling to 
above 6000 m attitudes are also likely to suffer from AMS, 
whose symptoms include headaches, fatigue, dizziness, 
nausea, sleepiness, insomnia, and heart palpitations that 
commonly appear 6 to 12 h after ascents and range from 
mild to severe (Jin, 2017). If not treated promptly, AMS 
can progress to high-altitude cerebral edema (HACE) or 
high-altitude pulmonary edema (HAPE) under sustained 
hypoxia, which are potentially fatal (Jafarian et al., 
2010). Likewise, AMS is known as a pathophysiological 
syndrome caused by rapid ascents to higher altitudes
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without acclimatization (Hackett et al., 2001), whose 
incidence has been reported to be proportional to ascent 
rates. For unacclimatized individuals who have rapidly 
ascended to altitudes of 4559 m, the incidence of AMS has 
been by 58% (Carod-Artal, 2014; Schneider et al., 2002) 
and at least 25% of cases have experienced headaches 
at altitudes above 2000 m. However, according to the 
International Headache Society (IHS), the incidence rate 
of high-altitude headaches increases to 80% at altitudes 
above 3000 m for individuals with no pre-exposure, and 
can even reach 100% at 4500 m or higher (Wilson et al., 
2009). Prophylactic treatment by rational administration 
of drugs can thus prevent or alleviate symptoms of AMS. 
Accordingly, appropriate drugs include acetazolamide 
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(Kayser et al., 2012), non-steroidal anti-inflammatory 
drugs (NSAIDS) (such as acetaminophen, ibuprofen, 
etc.) (Pandit et al., 2014), and dexamethasone (Tang et 
al., 2014), among which, only 70% of the cases would 
suggest acetazolamide and 50% of them would prefer 
paracetamol for medical treatment of AMS (Métrailler et 
al., 2019). The frequently documented side effects of these 
conventional drugs, including paresthesia, dysgeusia, 
diuresis, myasthenia, and gastrointestinal discomfort, must 
be considered prior to prescriptions (Basnyat et al., 2006). 
Traditional Chinese medicine (TCM) is also becoming 
increasingly recognized and accepted, both in China 
and abroad, largely due to its advantages of fewer side 
effects, facile administration, and effective protection of 
target organs. Over the last 20 years, compound Danshen 
(Salvia miltiorrhiza) dripping pills (CDDPs) have become 
widely advocated as an effective treatment for angina and 
coronary heart disease (CAD) (Luo et al., 2015). CDDPs 
contain Salvia miltiorrhiza, Radix notoginseng, and 
Borneolum syntheticum, which have beneficial synergistic 
effects on blood circulation (or removing blood stasis) 
as well as “clearing away heat-evil” and relieving pain 
(O’Brien et al., 2011). Significantly, CDDPs were the 
first proprietary TCM that could successfully complete a 
phase-II clinical trial in the United States, in which they 
were employed for the treatment of chronic stable angina, 
and had been approved by the Australian Therapeutic 
Goods Administration (Yang et al., 2014). On the basis of 
the studies cited above, it was reasoned that CDDPs might 
be an effective medicine for prevention and treatment 
of AMS through relaxation of cerebral vascular tissues, 
improvement of microcirculation, and relief of other 
symptoms associated with hypoxia.

In view of that, a randomized, double-blind, placebo-
controlled clinical trial was conducted to investigate 
the efficacy of CDDPs as an antihypoxiant to alleviate 
AMS symptoms. Like most other clinical trials on AMS 
prevention using prophylactic herbal medications (Tsai 
et al., 2018), considering the onset of AMS after ascents 
and compliance of prophylactic medications, CDDPs 
was administered on the day before or prior to the ascents 
in this study. The subjects were thus administered with a 
regular dose of CDDPs (270 mg daily, three times a day 
(tid)) for two days prior to the ascents. The adaptability 
of the unacclimatized individuals was also evaluated to 
a hypoxial high-altitude environment through observing 
and analyzing a series of efficacy outcomes. The efficacy 
endpoints included AMS incidence upon rapid daily ascents 
to high-altitude regions, AMS severity within trial period, 
and time taken for the first incidence of AMS. Furthermore, 
comprehensive and single scores for AMS symptoms were 
recorded, and arterial oxygen saturation (SaO2), heart rates, 

as well as blood pressures of the subjects were closely 
monitored. Adverse events in groups receiving prophylactic 
agents for AMS were also reported. This research could thus 
provide novel prophylactic and/or therapeutic measures for 
individuals who rapidly ascend to high-altitude regions and 
contribute to gaining perceptions of how CDDPs ameliorate 
hypoxia and its related syndromes.

MATERIALS AND METHODS

Subjects
A total number of 60 healthy male and female subjects 

aged 18 to 45 years, who were unacclimatized individuals 
residing in Beijing (average altitude of 46 meters), were 
recruited in this study. The effect size and the sample size 
in the design of this study could not be estimated, as there 
was no previously published reference research and a 
pilot study could not be carried out. The body mass index 
(BMI) of the subjects were between 19 and 24 and they 
all had ascended to high-altitude regions, situated in Tibet 
at an altitude above 3000 m, for the first time. Through 
screening, a total of 58 subjects were found to be eligible, 
who were then randomly assigned to treatment group 
(group receiving CDDPs; n=29) or placebo group (CON 
group; n=29). The exclusion criteria for the subjects were 
as follows: (1) women during menstruation, pregnancy, 
or lactation, (2) smokers or alcohol and/or drug abusers, 
(3) individuals with a definite history of drug allergies, 
(4) subjects treated with drugs (including TCM agents) 
within two weeks of the trial, (5) those with a history of 
blood donation or sampling within three months prior 
to recruitment (6), individuals with severe liver and/or 
kidney dysfunction, (7) cases with abnormal detection 
results for C-reactive protein (CRP) (i.e. exceeding 
normal limits), (8) subjects having clinically significant 
digestive system conditions, metal disorders, or metabolic 
conditions such as diabetes or hyperthyroidism, (9) 
subjects who had previously suffered from cardiovascular 
and/or cerebrovascular conditions, (10) individuals with 
fatigue syndrome (not due to hypoxia at high altitudes), 
(11) those having primary headaches, (12) subjects 
suffering from vomiting such as vomiting reflex, vomiting 
due to vestibular disorders, and/or functional neurological 
disorders (FNDs) caused by digestive disorders; (13) 
those having an allergic constitution, (14) subjects who 
had participated in other clinical trials within one month; 
and (15) individuals taking circulation-invigorating, 
immunity-boosting, or antioxidant drugs.

Study design and randomization
This study was a randomized, double-blind, and 

placebo-controlled trial. For this purpose, the subjects were 
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randomly assigned to two cohorts, respectively receiving 
either 270mg CDDPs (27 mg/pill, product number: 
160335) daily, tid, or an identical-looking placebo (27 mg/
pill, product number: 160336) 270mg, tid. The processing 
technology of dripping pill coating (including CDDPs and 
placebos) as well as requirement of drug swallowing to 
the subjects both ensured that the active pills and placebos 
tasted the same. The subjects were then transported by 
train from the low altitude of 40 m to high altitude located 
above 3000 m in Tibet. Two days prior to ascending to 
the high altitude, they were administered with the given 
drugs in the train. Drug administrations on day 1 and day 
2 on the train were counted as prophylactic treatments 
due to the stable environment of constant pressure and 
oxygen in the compartments. In the evening of day 3, 
the subjects reached Lhasa (3658 m altitude) and stayed 
there for one day. Afterwards, they arrived at Dangxiong 
(4300 m altitude) by bus on day 5, and continued to take 
the medicines for other two days. The subjects ascended 
rapidly from 40 m to 4300 m on two separate occasions 
to an altitude of 3658 m at Lhasa on day 3 and an altitude 
of 4300 m at Dangxiong on day 5. During the total 11-
day study period, all the subjects took medicines for 7 
days, and there was a subsequent three-day follow-up 
after administration for both groups to assess any delayed 
responses. The medication was taken orally or sublingually 
tid, 10 pills each time. Random numbers and allocation 
tables were also generated by biostatistics professionals 
using SAS 9.2 software. The random numbers were then 
distributed to the subjects in sealed envelopes to determine 
the treatment allocation (CDDPs or placebo). The subjects, 
investigators, and assessors knew nothing about the 
medication type (i.e. double-blind pattern) until the data 
analysis was finally completed. A detailed flowchart for 
this trial is given in Figure 1.

Fig. 1. Overview of trial protocol.

Indicators and assessment methods
The diagnostic criteria in this study were selected 

on the basis of the Lake Louise Scoring System (LLSS) 
as stipulated by the International Society for Mountain 
Medicine (ISMM), which is widely used to evaluate 
AMS incidence and severity (Wagner et al., 2012). The 
scoring system was composed of two parts: an AMS self-
evaluation questionnaire and a clinical examination. The 
self-evaluation questionnaire was a 5-item, 4-point ordinal 
scale that included headaches; gastrointestinal symptoms 
such as anorexia, nausea, and/or vomiting; fatigue and/
or weakness; dizziness and/or light-headedness; and 
difficulty sleeping. The clinical assessment was also based 
on 3 items including change in mental status, ataxia (heel-
to-toe walking), and peripheral edema. Each item was 
graded on a scale ranging from 0 to 4, with 0 indicating 
no symptoms at all and 1 to 4 implying mild, moderate, 
severe, and extremely severe symptoms; respectively. 
The subjects presenting self-evaluation questionnaire 
plus clinical examination scores amounting to 3 or above, 
including headaches were also diagnosed with AMS 
(Roach et al., 2018). Furthermore, severe AMS was defined 
as the presence of headaches and an LLSS>5 (Mandolesi 
et al., 2014). The AMS symptoms were additionally 
observed and evaluated twice a day during the research 
period (7:00-9:00 am and 19:00-21:00 pm). 

SaO2, heart rates, and blood pressures were also 
monitored and recorded. SaO2 was measured by pulse 
oximetry (NONIN Onyx Vantage 9590, USA) using finger 
clips at baseline (just prior to drug administration on day 
1) and twice a day (7:00-9:00 am and 19:00-21:00 pm) 
from day 2 to day 11. Heart rates and blood pressures 
(systolic/diastolic blood pressure, mmHg) were still 
further monitored using an electronic sphygmomanometer 
(Omron, HEM-7132, China) twice daily at the same time 
at baseline (day 1) and for the following two days (days 1 
and 2 on the train), and on days 3 to 11 of the high-altitude 
stay (7:00-9:00 am and 19:00-21:00 pm).

The primary endpoints were taken as the AMS 
incidence and severity during the whole trial period. The 
secondary endpoints included time of the first onset of 
AMS in a subject, comprehensive and single scores of 
AMS symptoms, as well as SaO2, heart rate, and blood 
pressure measurements, which were measured at baseline 
and during the whole study period (i.e. over the course of 
ascents and stays at high altitudes). Adverse events were 
ultimately recorded and reported by investigators using 
both scheduled and unscheduled visits.

Statistical analysis
All the statistical analyses were performed using 

SAS software package, version 9.2 (SAS Institute Inc., 
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Cary, NC, USA). Two-sided P-values˂0.05, were also 
considered to be statistically significant. Baseline, i.e., first-
day, characteristics such as demographic information, vital 
signs, laboratory examination results, and medication taken 
by the subjects, were also expressed as mean±standard 
deviation (SD) or counts (%), as appropriate. As for the 
main endpoints, the Chi-square test (Fisher’s exact test 
when appropriate) was utilized to compare AMS incidence 
and severity during drug administration (day 1 to day 8) 
and the whole observation period (day 1 to day 11) between 
groups. As for the secondary endpoints, the Chi-square test 
(Fisher’s exact test whenever appropriate) was employed 
to test the difference of AMS incidence at each time 
point (day 1 to day 11) for the CDDPs and CON groups. 
The product limit method was also used to calculate the 
fourth percentile of the first AMS occurrence time and 
the bilateral 95% confidence interval (CI), as well as to 
obtain the Kaplan-Meier curve according to the incidence 
at each time point. Then, the log-rank test was employed 
to compare the time of the first AMS occurrence. The 
values of comprehensive and single-symptom scores at the 
baseline and on day 2 to day 11 between the groups were 
consequently compared using the independent samples 
t-test and the Wilcoxon rank-sum test; respectively. 
Finally, group comparisons of SaO2, heart rates, and blood 
pressures were performed using the independent samples 
t-test.

RESULTS

Baseline characteristics
All the eligible subjects were assessed in terms of 

demographic, physical, and systematic characteristics, 
vital signs, as well as AMS symptoms prior to prophylactic 
agent administration. A total of 58 subjects were also 
randomized, of which 4 subjects in the CON group 
withdrew, 2 subjects did not finish the trial owing to being 
intolerant to the AMS, and 2 subjects dropped out of the 
trial because of adverse events including hypertension and 
headaches, which were not related to the agent according 
to the investigators. In the group taking CDDPs, the 
subjects aged 21 to 44 years (26 on average); of which 
11 subjects (37.93%) were male and 18 cases (62.07%) 
were female. In the CON group, the subjects aged 21 
to 45 years (average 29), including 13 (44.83%) males 
and 16 (55.17%) females. According to a comparison of 
the baseline characteristics of both groups, the subjects 
were relatively balanced and comparable with regard 
to their age, levels of education, and general physical 
conditions (height, weight, heart rates, respiration, body 
temperature, and systolic and diastolic pressure). Their 
systematic (skin, neck, superficial lymph nodes, sensory 

functions, autonomic nerve functions, etc.) and clinical 
(anaphylaxis, drug allergy, and medical history) status 
were all normal (data not shown). No subjects were taking 
any other medications. The pregnancy tests for women of 
childbearing age were all negative. The proportions of non-
smokers and non-drinkers in the group receiving CDDPs 
and CON group were 28 (96.55%) vs. 24 (82.76%) and 
27 (93.10%) vs. 22 (75.86%); respectively. The detailed 
baseline information is presented in Table I.

Table I. Baseline characteristics of the eligible subjects.

Characteristics CDDPs (n=29) CON (n=29)
Gender (male:female) 11(37.93%): 

18(62.07%)
13(44.83%): 
16(55.17%)

Age 28.31±6.89 30.31±7.06
Height (cm) 165.97±6.41 167.03±8.31
Weight (kg) 61.22±6.99 61.22±7.64
BMI (kg/m2) 22.16±1.41 21.90±1.73

Heart rate (min) 77.66±10.72 76.76±11.27

Respiration 18.76±2.50 18.07±2.15
Body temperature (oC) 36.61±0.23 36.51±0.28
SBP (mmHg) 119.62±10.16 119.45±13.76
DBP (mmHg) 75.52±7.45 76.17±7.94

SaO2 (%) 97.79±1.32 97.86±1.36
Non-smokers 28(96.55%) 24(82.76%)
Non-drinkers 27(93.10%) 22(75.86%)
Chest X-ray (normal) 22(75.86%) 26(89.66%)
Comprehensive scores of 
AMS symptoms 

0.55 ± 1.12 0.41 ± 0.73

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; SaO2, arterial oxygen saturation. The continuous variable 
data are shown as mean±SD.

AMS incidence 
The incidence of AMS (LLSS>3) in the treatment 

group was the same as that in the CON group (both 
8/29 and 27.59%, and 95% CIs: -23.00-23.00) during 
drug administration (day 1 to day 8). Also, there was 
no significant difference in the number of subjects 
who suffered from severe AMS (LLSS> 5) between 
the groups. However, the incidence of severe AMS in 
the group receiving CDDPs was slightly lower than 
that in the CON group. If the occurrence of individual 
symptoms were regarded as actual cumulative incidence 
of AMS, the proportion of subjects affected with severe 
AMS (LLSS>5) in the treatment group was significantly 
lower (nearly 2.7-times) than that in the CON group 
(22/634, 3.4% vs. 56/602, 9.3%, P<0.01). Furthermore, 

K. Li et al.
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there were 4 cases of withdrawal from the trial because 
of unsatisfactory efficacy. Thus, despite the seemingly 
insignificant reduction of AMS incidence in the group 
with the administration of CDDPs compared with that in 
the CON group during the administration period, CDDPs 
might be a useful adjuvant for decreasing incidence 
frequency and increasing resistance to AMS symptoms. 

No significant differences were also observed 
between the treatment and CON groups in terms of the 
AMS incidence at each time point (all P>0.05, Fig. 2). 
However, the AMS incidence in the group taking CDDPs 
was less than that in the CON group at almost every time 
point (except for the morning of day 4) during the whole 
study period as altitude increased. This trend became 
increasingly obvious as the administration time extended 
and reached a relatively stable state in the follow-up period. 
It is notable that, after rapid ascents to Lhasa (altitude 3658 
m) from low-altitude regions (altitude 43.71 m) on day 3, 
there were 3 (n=29, 10.34%) subjects experiencing AMS in 
the group receiving CDDPs, whereas there was one more 
case (4/29, 13.79%) in the CON group. However, only one 
case was observed in the group with CDDPs after arrival 
at Dangxiong (altitude 4300 m), which was significantly 
lower than that in the CON group (3.45% vs. 20.69%). 
Thus, the results indicated that prophylactic treatment with 
CDDPs could facilitate acclimatization and reduce the 
onset of AMS upon ascents to higher-altitude regions.

Fig. 2. Incidence of AMS at each time point.

Effect of CDDPs on clinical symptoms of AMS
During the whole observation period, the LLSS 

values for comprehensive AMS symptoms in the group 
taking CDDPs indicated lower occurrences than those 
in the CON group. It is noteworthy that in the evening 
of day 3 (arrival at Lhasa, altitude 3658 m), the AMS 

symptoms for the CON group had clearly aggravated, 
with the average LLSS of 3.79. In contrast to those in the 
CON group, the subjects in the group with administration 
of CDDPs ascending to the same altitude had also 
experienced significant relief of AMS symptoms, with 
the average LLSS of 2.31 (P=0.0475), implying that drug 
administration prior to ascents could somewhat relieve the 
comprehensive symptoms related to AMS and decrease 
its severity. In the evening of day 5, i.e. after continuing 
the ascent to Dangxiong (altitude 4300 m), serious AMS 
symptoms reappeared among the subjects in the CON 
group, with an average LLSS of 3.17. Until day 9, the 
LLSS values exhibited a downtrend, suggesting that the 
clinical symptoms of AMS had slightly relieved in the 
subjects taking placebos. However, no obvious aggravation 
of the high-altitude symptoms (average LLSS=2.59) 
was observed in the group receiving CDDPs, even upon 
ascending further, and the LLSS values had begun to 
decline as early as day 6. Towards the end of the observation 
period, the separation of the scores between the groups had 
also become increasingly significant, indicating that drug 
administration had enhanced the tolerance of the body and 
had also helped adapt to the high-altitude environment 
quickly. It is significant that the LLSS values in the group 
with CDDPs were again significantly lower than those in 
the CON group in the evening of day 10 and in the morning 
of day 11 (P=0.0367 and P=0.0465, respectively), which 
suggested that taking CDDPs had a more significant carry-
over effect on the subjects who had stayed at high altitudes 
for a long time. The LLSS values for the comprehensive 
clinical symptoms of AMS are given in Figure 3. 

Fig. 3. LLSS values for comprehensive AMS symptoms 
for treatment and CON groups. 
Asterisks indicate P<0.05 between the treatment and CON 
groups at that observation time.
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Fig. 4. LLSS values for single AMS symptoms. (a) LLSS values for headache; (b) LLSS values for gastrointestinal symptoms; (c) 
LLSS values for fatigue/weakness; (d) LLSS values for dizziness/vertigo; (e) LLSS values for sleep disorder; (f) LLSS values for 
mental changes; (g) LLSS values for ataxia, heel-to-toe walking; (h) LLSS values for peripheral edema. 
Asterisks indicate P<0.05 between the treatment and CON groups at that observation time.
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The LLSS values of single clinical symptoms were 
also recorded to more accurately observe any AMS relief. 
As shown in Figure 4, there were no significant differences 
between the treatment and the CON groups for the LLSS 
of most single clinical symptoms. Nevertheless, the LLSS 
of the subjects taking CDDPs were clearly lower than 
those of the CON group after day 5 (pm). Additionally, the 
dizziness and/or light-headedness as well as sleep disorders 
in LLSS exhibited a generally similar trend to those for 
the comprehensive clinical symptoms, demonstrating that 
the subjects receiving CDDPs had developed significantly 
milder symptoms after rapid ascents to high-altitude 
regions (P=0.0070 for dizziness/light-headedness; 
P=0.0106 for sleep disorders, day 3 (p.m.)). No subjects 
in the treatment group had experienced any symptoms of 
mental change or ataxia during the whole study period, 
whereas there was one case of mental change and one 
case of ataxia in the CON group. No cases of peripheral 
edema had also appeared in either group. Thus, these 
results revealed that administration of CDDPs could help 
alleviate the clinical symptoms of AMS at high altitudes 
and improve adaptation to high-altitude environments. 

Time of first incidence of AMS after medication use
As shown in Supplementary Information Table SI, the 

first case of AMS occurred on day 2 in the CON group and 
on day 3 i.e. after rapid ascents to Lhasa (altitude 3658 m), in 
the group with CDDPs. Thus, the incidence of AMS for the 
treatment and CON groups was 13.79% vs. 17.86% on day 3 
(pm). The median times of AMS occurrence were both longer 
than 8 days, with no significant differences between the study 
groups (P>0.05). However, upon staying at high altitudes 
(Dangxiong, altitude 4300 m) for several days, especially on 
day 5 to day 7, the AMS incidence in the treatment group had 
a downtrend compared with that of the CON group.

Effects of CDDPs on vital signs
The two groups did not differ in terms of SaO2 during 

the medication period. However, once administration 
was stopped (i.e. for day 9 to day 11), the SaO2 values 
of the subjects in the group receiving CDDPs exhibited 
a downtrend in contrast to that in the CON group. 
Particularly, on Day 10 (am), the SaO2 value for the 
subjects taking CDDPs was significantly higher than 
that in the CON group (87.86% vs. 85.72%, P=0.0388), 
suggesting that prophylactic drug administration could 
help relieve hypoxia-related symptoms. The complete 
SaO2 results are given in Supplementary Figure S1.

The heart rates in the subjects taking CDDPs and 
the placebo all remained within normal range throughout 
the study, and no obvious abnormality was observed 
in fluctuations. The average value of heart rates in the 

subjects receiving treatment was 79.03/min in the evening 
of day 2, which was significantly lower than those in the 
CON group (average 85.34/min, P=0.0158). In addition, 
there were no statistically significant differences between 
the two groups with regard to heart rates for the rest of time 
points (illustrated in Supplementary Fig. S2). The results 
for blood pressures were also similar to those for heart 
rates (P>0.05 for systolic pressures) except for the diastolic 
ones, whose average values in the group with CDDPs were 
significantly higher than those in the CON group on day 
10 (am) (88.38 mmHg vs. 83.69 mmHg, P=0.0452) and 
day 11 (am) (89.66 mmHg vs. 84.76 mmHg, P=0.0382). 
Nevertheless, both systolic and diastolic pressures of 
all the subjects were still in the normal range without 
any obvious abnormalities in fluctuations. The results 
for the blood pressures of all the subjects are shown in 
Supplementary Figure S3.

Table II. Adverse events in groups receiving CDDPs for 
AMS.

Adverse event  (Preferred 
term)

Group with 
CDDPs (n=29)

CON group 
(n=29)

Upper respiratory tract infection 4(13.79%) 4(13.79)
Amygdalitis 1(3.45%) 1(3.45)

Nausea 0(0.00%) 1(3.45%)
Non-infectious gingivitis 1(3.45%) 0(0.00%)

Abdominal discomfort 1(3.45%) 0(0.00%)
Vomiting 0(0.00%) 1(3.45%)
Headache 0(0.00%) 1(3.45%)
Backache 1(3.45%) 0(0.00%)

Hypertension 0(0.00%) 1(3.45%)

Adverse events
During the medication period, no CDDP-related 

effects were observed. The incidence of adverse events 
was also by 20.69%. Only two subjects withdrew from 
the trial because of adverse events, including one case 
who exhibited a serious adverse event. The details are 
as follows: A 25-year-old female subject who had not 
previously ascended to high-altitude regions took regular 
medications on the way to Lhasa by train. On day 3 (am) 
she developed a serious headache and faintness, which 
impaired her ability to have meals, but showed no obvious 
coughing. So, administration of CDDPs was stopped and 
oxygen inhalation was administered to her. Her vital signs 
were also found to be basically normal, namely, her body 
temperature was 36.7°C, her blood pressure was 105/75 
mmHg, her respiration was 24/min, and her SaO2 was by 
88% prior to oxygen treatment. These symptoms were 
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considered to be unrelated to the medication according to 
the investigators’ judgments. Details on the adverse events 
during the research period are presented in Table II.

DISCUSSION

In this study, AMS-related symptoms as well as 
AMS severity were analyzed and assessed using the LLSS 
values of diagnostic criteria as formulated by the ISMM. 
The results indicated that administration of prophylactic 
CDDPs was effective for the relief of high-altitude-
induced hypoxemia, improvement of long-term tolerance 
to high altitudes, and acclimatization to mountainous 
environments. These effects were particularly notable 
in the relief of high-altitude-related faintness and sleep 
disorders on the day of rapid ascents to the plateau. All 
the subjects also underwent rapid acclimatization owing to 
the relief of fatigue through adequate rest and sleep on the 
train, with the AMS symptoms remaining in a relatively 
stable state and no obvious fluctuations in vital signs up 
to day 4 (am) and day 5 (am). However, the subjects in 
the CON group consistently experienced aggravated AMS 
symptoms upon rapidly ascending to high altitudes or 
continued ascents, with the symptoms that decreased until 
day 9. However, there was no obvious exacerbation of AMS 
symptoms for unacclimatized individuals taking CDDPs, 
even when rapidly ascending to high altitudes, especially 
in terms of altitude-related dizziness and sleep disorders. 
It is notable that, as early as the morning of day 6, the 
LLSS values began to have downtrend until the end of the 
observation period, suggesting that the changes in AMS 
symptom scores in the CON group were in accordance 
with the characteristics of staircase acclimatization, and 
that prophylactic drug administration could help promote 
high-altitude acclimatization and enhance adaptability to 
hypoxic environments.

Altitude acclimatization is associated with 
physiological stress response that protects cells from 
damages caused by entering high-altitude hypoxic 
environments from low-altitude normoxic regions 
(Nussbaumer-Ochsner et al., 2012). The ability of low-
altitude residents to rapidly acclimatize to altitude exposure 
is accordingly dependent on physiological tolerance of 
the body to hypoxia (Oliver et al., 2012), altitude (higher 
altitudes are more difficult to acclimatize to) (Droma et al., 
2006), ascent rates (Castellani et al., 2010), use of daily 
endurance exercises during ascents (Roach et al., 2000), 
and individual variability (Fulco et al., 2013). AMS and 
large decrements in endurance performance can also occur 
after rapid ascents to high-altitude environments owing to 
poor oxygen intake and difficulties in maintaining body 
homeostasis. Under these circumstances, physiological 

regulation mechanisms to accommodate the effects 
of hypoxia are triggered (Schoonman et al., 2008). 
Subsequently, the subjects will suffer mild AMS, generally 
lasting for several days, during which symptomatic relief 
takes about three days, and individual tolerance will be 
obtained in just less than one week (Dipasquale et al., 
2015). This response is more obvious for subjects who 
have not taken prophylactic drugs, especially after rapid 
ascents. Therefore, acclimatization time in untreated 
subjects is relatively prolonged. 

Pre-treatment with CDDPs helped to minimize 
hypoxia-induced AMS and correspondingly facilitated 
acclimatization. In this line, the results demonstrated 
that variations in heart rates and blood pressures in the 
treatment group were within the normal range and similar 
to those in the CON group (P>0.05). However, the SaO2 of 
the subjects taking CDDPs was significantly higher than 
those receiving placebos on day 10 (P<0.05). It should be 
noted that compensation for reduction in ambient oxygen 
is the foundation of altitude acclimatization, as the best 
strategy for AMS prevention, which allows individuals to 
retain their maximum physical and cognitive performance 
(Luks et al., 2019). Severely decreased SaO2 is also 
considered as an indicator of inadequate acclimatization 
and impending AMS, and elevated heart rates cannot be 
used to accurately predict impending AMS at altitudes 
of 4300 or 5300 m (Karinen et al., 2010). In this respect, 
Compte-Torrero et al. (2005) had observed that SaO2 in 
normal individuals had been affected to some extent by 
variations in altitudes. Normally, it was slightly lower after 
rapid ascents to a given altitude and increased gradually 
with acclimatization. The results of this study showed 
that taking CDDPs for several days prior to ascents could 
successfully maintain and somewhat enhance SaO2, thus 
minimizing AMS effects during periods at high altitudes. 
These results were significantly consistent with the 
assessments of clinical symptoms described above.

Numerous studies had further reported that 
prophylaxis with suitable drugs could prevent or alleviate 
AMS symptoms. Such drugs included acetazolamide, 
dexamethasone, nifedipine, sumatriptan, ginkgo biloba, 
and aspirin, which all had shown significant efficacy 
in comparison with a placebo (Davis and Hackett, 
2017; Seupaul et al., 2012; Muhammad et al., 2019). 
Dexamethasone and acetazolamide are currently the 
most popular prophylactic agents for AMS prevention, 
and acetazolamide, approved by the Food and Drug 
Administration (FDA), is typically the first choice for 
preventing altitude-related sickness (Davis and Hackett, 
2017). Moreover, Basnyat et al. had studied the effects of 
different doses of acetazolamide on altitude-related AMS 
and had found that the incidence rates of AMS at altitudes 
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of 4280 m were 17% and 10% for subjects receiving 
250 and 750 mg doses of acetazolamide; respectively. 
However, the incidence had risen by 56% for 250 mg 
acetazolamide and it had decreased to 17% with 750 mg 
acetazolamide, indicating that altitude surge required 
an increase in the dosage of the medication (Basnyat et 
al., 2006). Regrettably, larger dosages of acetazolamide 
are associated with specific adverse effects in certain 
individuals, such as limb and facial numbness, lethargy, 
tinnitus, and gastrointestinal discomfort (Douglas et al., 
1994). Consequently, it is prudent to make decisions 
regarding drug dosages following ascents to altitudes 
above 4000 m. For acetazolamide-intolerant subjects, 
dexamethasone is also considered as a good alternative. 
As well, dexamethasone helps substantially lower the 
incidence of AMS at a ratio of 6.03 (95% CI, 2.23 to 
21.00) compared with a placebo (Tang et al., 2014). 
However, dexamethasone is a glucocorticoid and long-
term treatment with this medication is likely to cause 
severe adrenal cortical dysfunction, low immunity, 
and other serious side effects (Vardy et al., 2006). 
Additionally, Dumont had observed that dexamethasone 
at dosages of 8-16 mg could prevent AMS above 4000 m, 
but adverse reactions including gastrointestinal symptoms 
during treatment and depression after abrupt cassation, 
had occurred during the trial (Dumont et al., 2000). 
Thus, many chemical drugs are associated with specific 
adverse effects, and only high doses of acetazolamide 
are effective for AMS prevention. Accordingly, there is 
an urgent need to investigate extra alternatives. Among 
various TCM, Rhodiola crenulata is widely used to 
prevent AMS in the Himalayan areas and in Tibet. In 
the trials on AMS prevention using prophylactic herbal 
medication, Ginkgo biloba was the one mostly studied 
(Lee et al., 2013). For example, Chiu et al. had reflected 
on its efficacy in AMS prevention, however, the results 
had shown no significant differences in the incidence of 
AMS between R. crenulata extract and placebo groups 
(all 60.8%; CI=0.69-1.52), denoting that R. crenulata 
was not effective in reducing AMS incidence or severity 
as compared with placebo (Chiu et al., 2013). This was 
similar to the reports in the present study. However, it 
was indicated that prophylactic CDDPs administration 
was effective for the relief of high-altitude-induced 
hypoxemia and improvement of long-term tolerance to 
high altitudes.

TCM is becoming increasing popular globally. For 
example, approximately 50% of residents in the United 
States use some form of alternative medicine to relieve 
specific symptoms (Wang et al., 2013). CDDPs are also 
efficacious for reducing the symptoms of coronary heart 
disease (CHD) and hastening the recovery of affected 

individuals without obvious flaws. This suggests that 
CDDPs have potential benefits for treating AMS. 
Additionally, there is ample evidence to support the 
potential of CDDPs for AMS prevention. For example, 
improving blood circulation is helpful for relieving high-
altitude headaches as well as improving SaO2 (Wang et 
al., 2006). In this line, Jun et al. had found that rabbits 
taking CDDPs had exhibited decreased oxidative stress 
and inflammatory responses as well as improved cardiac 
functions compared with those in untreated animals. 
Naturally, this could be beneficial for lessening intracranial 
pressure, improving peripheral edema, and thus preventing 
individuals from developing more severe AMS-related 
manifestations such as HACE and HAPE. 

Beside appropriate drugs, gradual ascents, keeping 
warm, avoiding fatigue, restricting alcohol, maintaining 
adequate hydration, and adhering to a high-carbohydrate 
diet were also beneficial to prevent AMS (Luo et al., 2013). 
To reach a better understanding of the AMS mechanisms, 
serum and urine samples could be collected and subjected 
to metabonomic analysis, which might help provide new 
insights into the effects of CDDPs in AMS treatment (Zou 
et al., 2015).

CONCLUSION

Administration of prophylactic CDDPs relieves 
faintness, sleep disorders, as well as other hypoxia-
induced symptoms experienced at high altitudes, 
especially those occurring after rapid ascents, improving 
tolerance to hypoxial environments, and facilitating 
altitude acclimatization for unacclimatized individuals. 
Mitigating the clinical manifestations of AMS, treatment 
with CDDPs is also able to delay the onset of AMS and 
to reduce its incidence to a certain extent without any 
specific adverse effects. This research provides a relatively 
effective and safe alternative prophylactic AMS treatment 
for both unacclimatized individuals living at low altitudes 
and clinicians offering medication guidance. To achieve 
a more comprehensive understanding of the effects 
of CDDPs on humans, detailed pharmacokinetics and 
pharmacodynamics as well as mechanistic studies should 
be performed in the future.
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Supplementary Fig. S1. SaO2 for subjects taking CDDPs or placebos at each time point.
The asterisk indicates p<0.05 between the treatment and CON groups at that observation time.
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Supplementary Fig. S2. Heart rates of subjects taking 
CDDPs or placebos at each time point. 
The asterisk indicates p<0.05 between the treatment and 
CON groups at that observation time.

Supplementary Fig. S3. Blood pressures of subjects taking 
CDDPs or the placebo at each time point. 
(a) Systolic blood pressure (mmHg). (b) Diastolic blood 
pressure (mmHg). 
Asterisks indicate p<0.05 between the treatment and CON 
groups at that observation time.

Supplementary Table SI. Kaplan-Meier estimation of 
the AMS incidence at each time point.

Item Treatment group 
(N = 29)

CON group 
(N = 29)

Incidence time (d) 
(Log-Rank test=0.00, 
P = 0.9479)
 1 0.00(.,.) 0.00(.,.)
 2 0.00(.,.) 3.45(0.49,22.05)
 3 13.79(5.41,32.69) 17.24(7.57,36.57)
 4 24.14(12.31,44.06) 20.69(9.87,40.36)
 5 24.14(12.31,44.06) 27.59(14.87,47.66)
 6 24.14(12.31,44.06) 27.59(14.87,47.66)
 7 24.14(12.31,44.06) 27.59(14.87,47.66)
 8 27.59(14.87,47.66) 27.59(14.87,47.66)
 25% survival 
(95%CI)

8.00(3.00,.) 5.00(3.00,.)

 50% survival 
(95%CI)

.(.,.) .(.,.)

 75% survival 
(95%CI)

.(.,.) .(.,.)

 Censoring rate (%)  72.41  72.41
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