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Abstract: This article critically reviews literature on altitude-dependent lung function impacts,
focusing on China's Hengduan Mountains. The unique altitude gradient of the Hengduan Mountains
influences respiratory function significantly, hence its importance for study. The introduction
acknowledges global research on lung function at high altitudes and highlights the Hengduan
Mountains' geographical uniqueness. High altitudes lead to increased ventilation, pulmonary artery
pressure, and altered lung volumes, as observed in the Qinghai-Tibetan plateau. These effects, however,
vary across populations, necessitating more research in the Hengduan region. The review
acknowledges that altitude and exposure duration proportionally affect lung function, with metrics like
forced vital capacity (FVC) and forced expiratory volume in one second (FEVI) decreasing with
altitude. Similar impacts are anticipated in the Hengduan Mountains, necessitating more
comprehensive studies. The article recognizes genetic variations across populations and their potential
role in high altitude physiological responses. Studying the diverse ethnic groups in the Hengduan
Mountains, including the Yi, Lisu, and Tibetans, is crucial as their altitude responses may vary. The
introduction concludes by emphasizing the need for more Hengduan Mountains research. Such studies
could deepen our understanding of high-altitude physiology and guide interventions to protect high-
altitude residents.
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1. Introduction

High altitudes exert significant impacts on human physiology, prominently influencing the
respiratory system [1-2]. This intricate relationship has been extensively probed, with researchers
scrutinizing various lung function parameters in high-altitude settings [3-4]. These investigations have
laid the foundation for understanding the physiological transitions humans undergo when ascending
from sea level to elevated altitudes.

The Hengduan Mountains in Southwest China represent an extraordinary setting for delving deeper
into altitude's effects on lung function due to their considerable altitude gradients [5]. Encompassing a
spectrum of altitudinal zones, these mountains offer a unique chance to study the adaptive changes in
lung function across differing altitudes within a single geographical context.

Moreover, the Hengduan Mountains' unique biodiversity and distinct climate enrich the scope of
this study. The local populations, having evolved in these high-altitude settings over many generations,
may provide valuable insights into human adaptation to such environments [6].

This literature review intends to collate and scrutinize global findings on altitude's impact on lung
function, specifically in the Hengduan Mountains context. By assimilating current research and
offering a comprehensive outlook, we aim to pinpoint existing knowledge gaps, underscore potential
areas for future exploration, and deliberate on the implications for high-altitude dwellers and visitors,
such as those in the Hengduan Mountains [7].
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2. Impacts on Lung Function

High-altitude conditions instigate notable physiological adaptations in the human body. One of the
crucial areas affected is the respiratory system [8]. In essence, high altitude settings, characterized by
lower atmospheric pressure and hypobaric hypoxia, trigger a host of respiratory adjustments, including
enhanced ventilation, increased pulmonary artery pressure, and modifications in lung volumes [9-10].

Enhanced ventilation or hyperventilation emerges as a primary response to sustain arterial oxygen
saturation in the face of limited oxygen availability [8-10]. This process is typically accompanied by a
surge in tidal volume, while the respiratory rate might remain largely constant [11].

Another significant adaptation is the rise in pulmonary artery pressure, a response to hypoxic
pulmonary vasoconstriction. This adaptation could potentially culminate in high altitude pulmonary
edema (HAPE) in predisposed individuals [12]. Simultaneously, alterations in lung volumes, such as a
decrease in forced vital capacity (FVC), are noteworthy and are ascribed to an increase in pulmonary
blood volume in high altitudes [13].

These adaptations were particularly observed in a study on Tibetan and Han populations inhabiting
the Qinghai-Tibetan plateau, another high-altitude region in China [12-13]. This pattern of adaptations
is associated with the 'cascade' model of oxygen transport in humans, denoting a series of declining
oxygen levels from inhaled air to capillaries, where it ultimately diffuses into the mitochondria. At a
higher altitude of 4,540 meters, the pressure of inspired oxygen is significantly lower, thereby reducing
the pressure differences at various stages of oxygen transport and resulting in a slower diffusion rate
(Figure 1). This phenomenon suggests multiple potential adaptation points to facilitate mitochondrial
energy production under extremely low oxygen conditions (Figure 1).
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Figure 1: The depiction of the oxygen transport cascade at sea level (denoted by a solid line) and at the
significant height of 4,540 meters (indicated by a dashed line) provides a visualization of the oxygen
amounts at crucial stages of oxygen distribution. This suggests possible areas for functional adaptation
[11-13], as indicated by the data sourced from reference 31.

A denser capillary network might potentially improve oxygen delivery and perfusion as each
capillary would be responsible for a smaller tissue area, thereby shortening the oxygen diffusion
distance. The sample for this study included Sherpas, an ethnic group that migrated from Tibet to Nepal
about 500 years ago. These Tibetans, who are native to high altitudes, have a higher muscle capillary
density than natives of the Andean highlands, Tibetans born and raised at low altitudes, or inhabitants
of lowland regions (as depicted in Figure. 2) [14]. This finding suggests that Tibetans might particularly
leverage an increased diffusion rate as an alternative mechanism to counter extremely low arterial
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oxygen content. The diffusion process could potentially be augmented by facilitating the
disengagement of oxygen from hemoglobin. Nevertheless, oxygen dissociation appears to be normal in
both Tibetan and Andean populations [15-16]. The complexities of these physiological changes,
however, remain to be fully elucidated. Multiple studies have reported varying effects across different
populations, possibly attributable to genetic differences and varying degrees of acclimatization [17-13].
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Figure 2: Native Tibetans residing at high altitudes exhibit a greater capillary density compared to

both Andean high-altitude dwellers and those populations living at lower altitudes. Moreover, both

Tibetan and Andean highlanders display a reduced mitochondrial volume relative to populations at
lower altitudes[12], as indicated by the data from references 30, 31 and 32.

Certain high-altitude native populations, such as Tibetans, have displayed unique features like
increased resting ventilation and superior hypoxic ventilatory response, compared to low-altitude
dwellers [14]. These findings suggest potential genetic adaptations over generations that enhance their
ability to thrive in high-altitude environments. In the context of the Hengduan Mountain region, studies
focusing on high-altitude impacts on lung function are relatively few. The distinct altitude gradient and
varied resident populations of this region present a promising avenue for further study. Such research
would not only deepen our understanding of high-altitude physiology but also guide effective
healthcare strategies for residents and visitors of high altitudes [18].

3. Variations with Altitude

Significant correlations between lung function changes, respiratory physiology, altitude, and
duration of exposure have been observed. Studies report a decrease in key lung function measures, such
as forced vital capacity (FVC) and forced expiratory volume in one second (FEV1), with altitude
increase [19]. For example, a study in the Himalayas showed that residents at higher altitudes had a
10% decrease in both FEV1 and FVC compared to sea-level dwellers [20]. Further, altitude-related
fluctuations in arterial blood oxygen saturation (SaO2) have been reported. SaO2 declines notably with
altitude, contributing to the hypoxic conditions that trigger respiratory adaptations [21]. It's suggested
that for each 1000m ascent, SaO2 drops around 1-2% [22]. While the Hengduan Mountains may not
match the Himalayas or Andes in altitude, they exhibit considerable altitude gradients, so similar
effects on lung function could be expected. However, to date, no comprehensive study has examined
these impacts specifically in the Hengduan Mountains, underscoring the need for further research [23].
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4. Population Differences

The impact of genetic factors on altitude adaptation seems to vary among populations, further
influencing lung function changes [24]. Populations such as Tibetan and Andean highlanders display
distinct physiological responses to high altitude, suggesting different evolutionary pathways to altitude
adaptation [25]. For instance, Tibetans are known for their increased resting ventilation and superior
hypoxic ventilatory response compared to lowlanders [14-23]. Conversely, Andeans show a higher
hemoglobin concentration at altitude, enhancing oxygen transport but also increasing blood viscosity
[26]. These findings have compelling implications for the Hengduan Mountains, which hosts a mix of
ethnic groups like the Yi, Lisu, and Tibetans. These groups' varied physiological responses to altitude
changes could be influenced by both genetic and environmental factors, necessitating further research
[27].

5. Conclusion

The extensive global research on high altitude's impact on lung function provides a crucial resource
for understanding potential physiological adaptations in the Hengduan Mountains. However, the unique
characteristics of the Hengduan Mountains, including their distinct altitude gradients and diverse ethnic
composition, make these findings' application challenging [27]. The Hengduan Mountains' altitude
ranges could result in different degrees of respiratory adaptations among residents, warranting further
exploration [28]. Additionally, the region's ethnic diversity could lead to distinct physiological
responses to altitude change due to genetic differences in altitude adaptation [28]. It's clear that targeted
research in the Hengduan Mountains is needed. While this research could draw on foundational
knowledge from other high-altitude studies, it would need to account for the region's unique
geographical and demographic characteristics [29]. Such research could deepen our understanding of
high-altitude physiology, especially changes in lung function associated with different altitude
gradients and population groups [30]. Importantly, it could also inform interventions to safeguard high-
altitude inhabitants' health, including strategies for preventing and treating altitude-related illnesses and
optimizing lung function and overall health among the Hengduan Mountains' residents [31].
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