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Abstract

Introduction——A history of preexisting hypertension is common in people participating in 

mountain activities; however, the relationship between blood pressure (BP), preexisting 

hypertension, and acute mountain sickness (AMS) is not well studied. We sought to determine 

these relationships among trekkers in the Everest region of Nepal.

Methods——This was a prospective observational cohort study of a convenience sample of 

adult, nonpregnant volunteers trekking in the Everest Base Camp region in Nepal. We recorded 

Lake Louise Scores for AMS and measured BP at 2860 m, 3400 m, and 4300 m. The primary 

outcome was AMS.

Results——A total of 672 trekkers (including 60 with history of preexisting hypertension) were 

enrolled at 2860 m. We retained 529 at 3400 m and 363 at 4300 m. At 3400 m, 11% of 

participants had AMS, and 13% had AMS at 4300 m. We found no relationship between AMS and 
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measured BP values (P>0.05), nor was there any relation of BP to AMS severity as measured by 

higher Lake Louise Scores (P>0.05). Preexisting hypertension (odds ratio [OR] 0.16; 95% CI 

0.025‒0.57), male sex (OR 0.59; 95% CI 0.37‒0.96), and increased SpO2 (OR 0.93; 95% CI 

0.87‒0.98) were associated with reduced rates of AMS in multivariate analyses adjusting for 

known risk factors for AMS.

Conclusions——AMS is common in trekkers in Nepal, even at 3400 m. There is no relationship 

between measured BP and AMS. However, a medical history of hypertension may be associated 

with a lower risk of AMS. More work is needed to confirm this novel finding.
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Introduction

Acute mountain sickness (AMS), caused by rapid exposure to high altitude and resultant 

hypoxemic stress, is a common condition among people participating in mountain activities 

and may progress to life-threatening illness. The pathophysiology of AMS is complex and 

involves, among other things, changes in cerebral blood flow (CBF), oxygen delivery, and 

vasodilation—all physiologic responses that may also be affected by both acute or chronic 

blood pressure (BP) changes. Although BP is known to vary with changes in altitude1 and 

hypertension is a common chronic condition in people participating in mountain activities,
2–4 the relationship among acute BP values, chronic hypertension, and altitude-related 

illnesses is not well understood.

People with hypertension frequently consult their physicians about the safety of travel to 

high altitude, but clinicians lack evidence to guide recommendations.5 Prior studies 

examining BP, preexisting hypertension, and AMS are limited and often report conflicting 

results. In 1 prior study of travelers to Summit County, Colorado, the prevalence of AMS 

was not different in those with hypertension versus those without.6 By contrast, in a 

hypobaric chamber study of men with borderline elevated BP and a family history of 

hypertension, 8 of 18 developed AMS versus 0 of 15 normotensive men with no family 

history of hypertension, suggesting a different susceptibility to AMS.7 These studies were 

restricted by focus on travelers at moderate altitudes (<3000 m) or were performed in the 

laboratory setting and may not be applicable to trekkers at higher altitudes. A more recent 

study found no difference in occurrence of AMS in those with preexisting hypertension 

versus those without, but AMS was not evaluated contemporaneously with BP, and the study 

included participants with a wide range of ascent rates, maximum altitudes, and geographic 

locations, introducing several sources of bias.8 Further research is thus warranted to 

determine the risks of travel to high altitude for people with preexisting hypertension and to 

better understand the association of BP changes with AMS.5

In the current study, our objectives were to determine 1) the current prevalence of AMS at 2 

altitudes in the Everest region of Nepal; 2) whether a relationship existed between trekkers’ 

measured BP values and the occurrence of AMS; and 3) whether a diagnosis of preexisting 
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hypertension with its attendant chronic vascular changes was a risk factor for AMS when 

controlling for other previously documented risk factors.

Methods

STUDY SETTING

This was a prospective observational study of trekkers at 2860 m, 3400 m, and 4300 m in the 

Solukhumbu Valley of Nepal from October 8, 2014 through November 2, 2014. The Nepal 

Health Research Council ethics board approved this study.

STUDY POPULATION

This was a convenience sample of trekkers who were recruited after arrival by air to Lukla, 

Nepal, at 2860 m on the trail outside the airport or in nearby tea houses. Trekkers were 

excluded if they were pregnant, were aged <18 y, or did not speak English. Written informed 

consent was obtained from all participants.

STUDY DESIGN AND OUTCOME MEASURES

This was a prospective observational study and conforms to the strengthening the reporting 

of observational studies in epidemiology statement guidelines.9 Details of the study design 

and subject questionnaire have been reported elsewhere.1,2 Briefly, participants were 

administered a written questionnaire for demographic data, past and current medical history 

including history of hypertension, and current medications. We measured physiological 

variables at 2860 m, 3400 m, and 4300 m. For each participant, BP was measured by 

medically trained study volunteers using manual cuffs (Welch Allyn). Participants were in a 

seated position with both feet on the ground for at least 5 min before each measurement. BP 

was measured on the same arm at each altitude. SpO2 and heart rate data were collected 

using Contec CM550D pulse oximeters, also while participants were seated for at least 5 

min at rest with a steady waveform noted. The Lake Louise Score (LLS) for AMS was 

assessed by written questionnaire at 3400 m and 4300 m.

The primary outcome was AMS as defined by an LLS ≥3 with headache.10 To compare 

those with and without underlying hypertension, we defined the “preexisting hypertension” 

group as participants who self-reported a history of hypertension on our questionnaire by 

checking a block labeled “yes” for medical history of high BP (hyper-tension) among a list 

of other medical conditions such as diabetes and asthma. If they selected yes, participants 

were also asked specifically what medicine they took for their high BP.

STATISTICAL ANALYSIS

Data collected on paper questionnaires were transcribed to Microsoft Excel and Google 

Sheets spreadsheets for data analyses. Descriptive statistics were calculated in Microsoft 

Excel and are presented as mean (95% CI) or frequency.

We conducted univariate and multivariate logistic regression models to examine the 

association among AMS, measured BP, and preexisting hypertension. Additional variable 

selection for the model was determined by expert consensus; guided by previously reported 
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risk factors of AMS (age, sex, body mass index [BMI], acetazolamide use, ibuprofen use, 

and SpO2 )11–13 ; and restricted by adherence to the recommended 10:1 ratio of outcomes to 

variables to guard against overfitting. Rate of ascent was excluded as a variable from the 

analysis owing to a uniform ascent rate across all participants (Table 1). Missing data in the 

multivariate logistic model were imputed using random forest imputation (rfImpute, R 

randomForest package). We used the Hosmer-Lemeshow goodness-of-fit test to assess 

overall model performance for AMS and calculated the area under the receiver operating 

characteristic curve to test the discrimination in this model for the same outcome. 

Multicollinearity was checked by variance inflation factor, and influential variables and 

outliers were checked by Cook’s distance. All analyses were performed using Excel and R 

statistical software (v 3.1.1).

Our study had 80% power to detect a 20% difference in the frequency of AMS between 

those with and without preexisting hypertension using a conservative estimate of a 10% 

baseline rate of AMS.

Results

We recruited a total of 672 trekkers in Lukla at 2860 m and retained 529 at 3400 m and 363 

at 4300 m. The others had incomplete data or were lost to follow-up. A similar proportion 

were lost to follow-up in the groups with vs without preexisting hypertension (30% vs 21% 

at 3400 m [P=NS] and 45% and 58% at 4300 m [P=NS]).

Table 2 shows the demographic characteristics of unique participants with and without AMS 

at either altitude. Table 1 shows the proportions of participants with AMS at 3400 m and 

4300 m. Ascent rate did not differ between participants with AMS and without AMS (Table 

1). Of the 60 participants with preexisting hypertension, 50 were taking antihypertensive 

medications (Table 2) and 10 were not taking BP medications.

There was no relationship between AMS and measured BP values at any altitude (Table 1 

and Figure 1). There was also no relationship between measured BP values and AMS 

severity as measured by LLS (P=NS, data not shown). Mean BP did not differ between 

participants who were taking acetazolamide and those who were not (P= NS, data not 

shown). At 4300 m, but not 3400 m, participants with AMS had statistically lower oxygen 

saturations (Tables 1 and 3).

Participants without a medical history of hypertension had a higher frequency of AMS 

compared with participants with a history of preexisting hypertension at 3400 m (Figure 2 

and Table 1; at 3400 m: odds ratio [OR] 6.1; 95% CI 0.8‒4; P=0.04), but this finding was 

not statistically significant at 4300 m (OR 4.8; 95% CI 0.6‒35; P=NS) (Table 1). A similar 

proportion in each group was taking acetazolamide (70 [11%] without vs 9 [15%] with 

preexisting hypertension; P=0.5) and ibuprofen (40 [7%] without vs 3 [5%] with preexisting 

hypertension; P=0.7). Two people with preexisting hypertension developed AMS, 1 at 3400 

m who was not taking antihypertensive medication, and 1 at 4300 m who was taking a beta-

blocker.
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Overall, the proportion of participants taking acetazolamide was similar in those with and 

without AMS (Tables 1 and 2). A similar pattern was seen with ibuprofen use. We could not 

determine dosage of the medication or whether these medications were being taken 

prophylactically or therapeutically.

Results of the multivariate analysis to investigate the association between history of 

preexisting hypertension and measured BP values with AMS at either altitude, taking into 

account known risk factors, are given in Table 3. Male sex (OR 0.59; 95% CI 0.37‒0.96; 

P=0.033), history of hypertension (OR 0.16; 95% CI 0.025‒0.57; P=0.016), and higher 

SpO2 (OR 0.93; 95% CI 0.87‒0.98; P=0.011) were associated with lower odds ratio of 

AMS. Measured BP, BMI, and use of acetazolamide or ibuprofen were not associated with 

risk of AMS.

Discussion

In our large observational cohort of trekkers, AMS was common at 3400 m and 4300 m. We 

found no relationship between the physiological variable of measured BP and AMS 

prevalence or severity. In fact, none of the physiological variables differed in a clinically 

meaningful way between participants with and without AMS. This highlights the lack of 

physiologic markers of this illness and the clinical nature of the diagnosis. Although our 

clinical experience suggests that travelers to high altitude worry about their BP causing 

symptoms of AMS, our data do not support this concern.

In contrast, we found that a history of preexisting hypertension was associated with a lower 

risk of AMS. The physiologic mechanism for this observation remains unclear, but 

regulation of CBF may play a role. At lowland elevations, control of CBF involves a 

complex interplay of pressure regulation by cerebral arterioles, coupling of blood flow to 

metabolism, and neurogenic regulation mediated by astrocytes and the endothelium.14 In 

hypertensive individuals, the hypertrophy of arteries and decreased production of the 

vasodilator nitric oxide results in lower baseline CBF.15 The hypoxic conditions of high 

altitude stress the homeostasis of CBF. The brain is exquisitely sensitive to hypoxia, so the 

hypoxemia drives increased ventilation, which results in hypocapnia. This results in 

opposing forces on blood vessel diameter because hypoxia has a dilatory effect, whereas 

hypocapnia has a constrictive effect. However, the vasodilator effect is dominant, resulting in 

an increase in CBF.16 Classically, AMS is thought to be due to cerebral vasogenic edema 

with increased CBF as the driving etiology.17 Supporting this hypothesis, 2 studies found 

that individuals that developed AMS were less able to regulate increased CBF than those 

that did not.18,19 It is possible, therefore, that increased arterial thickness, decreased 

production of the vasodilator nitric oxide, and lower baseline CBF enable individuals with 

hypertension to more effectively buffer against a pathogenic increase in CBF.

Another possibility, perhaps even in conjunction with altered cerebral vascular 

hemodynamics, is that the medications taken by individuals with preexisting hypertension 

alter their susceptibility to AMS. Sympathetic activation and subsequent activation of the 

reninangiotensin-aldosterone system may contribute to the development of AMS.17,20 Thus, 

taking beta-blockers, angiotensin converting enzyme inhibitors, or angiotensin receptor 
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blockers for hypertension theoretically could blunt the effects of these pathways in the 

development of AMS. Retrospective studies have shown that beta-blockers are not 

associated with increased or decreased risk of AMS,8,21 but whether angiotensin converting 

enzyme inhibitors and angiotensin receptor blockers influence AMS susceptibility has not 

been documented. Theoretically, both may affect susceptibility to AMS and other altitude-

related illnesses such as high altitude pulmonary edema.22 This is clearly an area where 

further research is needed.

The proportion of trekkers with AMS in our study is lower than previously reported in this 

area of Nepal.23,24 This may be due to the proportion of participants taking prophylactic 

medications such as acetazolamide and ibuprofen, or it may be related to the ascent profile, 

which had little variation and reflected the recommended rate of ascent from guidelines25 

because most of our participants were recruited from organized groups of travelers. We 

found no studies that have previously reported the prevalence of AMS in Namche Bazaar. 

More than 10% of participants had AMS at this relatively lower altitude, and this was similar 

to the proportion who reported AMS at 4300 m. Given the high number of visitors to 

Namche Bazaar, this proportion translates into a large number of trekkers with AMS at this 

common tourist destination, where the burden of disease may not be adequately appreciated. 

These data are important for local provision of healthcare to trekkers. Also noteworthy is 

that the proportion of trekkers taking acetazolamide was the same in those with and without 

AMS. We cannot determine whether the medication was being taken prophylactically or for 

treatment; however, it may be that acetazolamide is not as effective in an uncontrolled 

setting as in controlled trials.

Our analyses included the commonly reported risk factors for AMS. In our study, male sex 

conferred a lower risk for AMS. Other studies have had disparate results about sex 

differences and AMS susceptibility.11,26–31 The reasons for these differing results are 

unclear. No value of BMI was found to be associated with increased risk of developing AMS 

in our cohort. Although several previous articles suggested higher BMI was a risk factor for 

AMS,11,13, other research is consistent with ours in that no association was found.12,29,31 

Because BMI does not distinguish between lean muscle and fat and is simply a height to 

weight ratio, it cannot provide reliable information about fitness or other physiologic 

attributes related to acclimatization and therefore is unlikely to be an independent predictor 

of AMS susceptibility. Higher SpO2 was also associated with less AMS, but only at 4300 m. 

The differences we observed in measured SpO2 are small, however, and unlikely to be 

clinically significant.

Further research is warranted to determine whether the apparent protective effect of 

preexisting hypertension is reproducible in other populations and with different ascent 

profiles. In addition, work pursuing the physiologic basis for the inverse association between 

AMS and preexisting hypertension might further elucidate the mechanisms of AMS and 

identify new targets for treatment and prevention. Studies evaluating ambulatory and 

nocturnal BP may be particularly helpful and provide more accurate information about 

arterial pressure response to high altitude.
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LIMITATIONS

As an observational cohort study, a number of factors may pose limitations. We enrolled a 

convenience sample, and this may have resulted in selection bias, wherein only healthy 

trekkers chose to participate; alternatively, less healthy people who wanted additional health 

monitoring during their trek may have been more likely to enroll. Because the past medical 

health information recorded in this study is self-reported, it is possible that participants’ 

medical histories do not match their recollection and some participants with preexisting 

hypertension may have been misclassified. It is also possible that some participants 

identified themselves as having the chronic medical condition of hypertension, when in fact 

they do not. Participants enrolled were primarily English speaking, which may limit the 

generalizability of the findings.

Many participants were lost to follow-up during the study, especially at higher sites. We 

cannot exclude the possibility that sick trekkers were more likely to drop out. This would 

skew the data to include fewer patients who developed AMS, and our reported rates may be 

underestimates. The rate of drop-out was similar between those with and without preexisting 

hypertension. We cannot determine how more participants with AMS would influence our 

analyses of risks.

Because of the number of classes of antihypertensive medication taken and the small number 

of participants taking each class, we could not determine the relationship of specific classes 

of antihypertensive medicine and AMS. Medications were self-administered by participants, 

and many did not know their dosages. We also could not verify compliance with taking the 

listed medications. Other nonpharmaceutical agents such as caffeine and alcohol may have 

been used by participants to varying degrees, and it is not known how this may have affected 

our results, although usage likely was similar between groups, given the demographic 

similarities. Dietary options are fairly consistent throughout the Khumbu valley, and diet was 

unlikely to differ greatly between groups.

As an observational study, our results reflect the complicated “real world” situation that 

most high-altitude travelers experience. Given that we could not control participants’ 

trekking experience, our data should be interpreted as hypothesis generating. Future 

controlled studies should verify our findings in hypobaric chamber studies or other 

controlled settings and compare groups based on BP medicine class and randomized use of 

acetazolamide and/or ibuprofen.

Conclusions

We found no relationship between measured BP values and AMS. However, our results 

suggest that the risk of AMS may be lower in people with a history of preexisting 

hypertension. This novel finding requires confirmation in future studies with larger numbers 

of participants with preexisting hypertension and with more detailed monitoring, such as 

with 24-h ambulatory BP. Although prevalence of AMS in our study was lower than 

previously reported in the Everest region, altitude illness remains an important concern for 

trekkers in Nepal, even at lower destinations such as Namche Bazaar.
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Figure 1. 
Individual participants’ systolic blood pressure and diastolic blood pressures with (•) and 

without (×) acute mountain sickness at 3400 m (A) and 4300 m (B).
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Figure 2. 
Percentage of participants with acute mountain sickness at 3400 m and 4300 m (total and in 

subgroups of those with preexisting hypertension and no history of hypertension). See Table 

2 for numbers in each group. aP=0.04.
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Table 2.

Characteristics of study participants with and without acute mountain sickness

No AMS (n=574) AMS (n=98)

Sex, n (%)

 Male 347 (61) 47 (48)

 Female 224 (39) 51 (52)

Anthropometries, mean (95% CI)

 Height (cm) 173 (173–174) 172 (170–174)

 Weight (kg) 72 (71–73) 71 (68–74)

 BMI (kg-m−2) 24.0 (23.7–24.2) 23.7 (23.0–24.5)

Athletic ability, n (%)

 Sedentary 8 (1) 0 (0)

 Average 228 (41) 48 (51)

 Athletic 264 (48) 38 (40)

 Very athletic 53 (10) 9 (9)

Medical history, n (%)

 Prior AMS 53 (10) 10 (11)

 Hypertension 58 (10) 2 (2)

 Diabetes 11 (2) 1 (1)

 High cholesterol 44 (8) 12 (12)

 Asthma 25 (4) 6 (6)

 Migraines 31 (5) 9 (9)

 Heart disease 14 (2) 0 (0)

 Thyroid disease 30 (5) 7 (7)

 Smoking 31 (5) 5 (5)

 Prior hospitalization 43 (8) 11 (11)

Medication types, n (%)

 Antihypertensives
a 50 (9) 1 (1)

 Diabetes 6 (1) 0 (0)

 Migraine 9 (2) 3 (3)

 Heart disease 8 (1) 0 (0)

 Thyroid disease 25 (4) 8 (8)

 Aspirin 37 (6) 3 (3)

 Acetazolamide 69 (12) 11 (11)

 Dexamethasone 1 (0.2) 1 (1)

 Acetaminophen 11 (2) 3 (3)

 Ibuprofen 33 (6) 10 (10)

a
Included the following classes of drugs (n): angiotensin converting enzyme inhibitor/angiotensin receptor blocker (21), beta-blocker (3), calcium 

channel blocker (7), renin inhibitor (1), thiazide (1), 2 drug combination (11), 3 or more drug combinations (3), and unknown (3).
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Table 3.

Results of multivariate analyses on outcome of acute mountain sickness at any altitude for all unique 

participants

Variable OR (95% CI)

Age 1.00 (0.98–1.02) P=0.87

Male sex 0.59 (0.37–0.96) P=0.033
a

History of HTN 0.16 (0.03–0.57) P=0.016
a

Acetazolamide use 0.96 (0.45–1.92) P=0.91

Ibuprofen use 1.86 (0.80–4.06) P=0.13

BMI 1.01 (0.94–1.08) P=0.80

SpO2 0.93 (0.87–0.98) P=0.011
a

SBP measured 1.01 (0.99–1.02) P=0.40

a
P<0.05.

Wilderness Environ Med. Author manuscript; available in PMC 2020 June 24.


	Abstract
	Introduction
	Methods
	STUDY SETTING
	STUDY POPULATION
	STUDY DESIGN AND OUTCOME MEASURES
	STATISTICAL ANALYSIS

	Results
	Discussion
	LIMITATIONS

	Conclusions
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

