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The mountainous regions of mainland Southeast Asia are shaped by the
interactions, conflicts and negotiations between lowland and upland societies. Prior studies
attempting to understand the lowland-upland relationship have emphasized the superior agricultural
productivity in the lowlands. However, the diverse and complex relationships between lowland and
upland societies cannot be adequately encapsulated by the prevailing model. In constructing an
alternative model, we concentrated on the health and physical condition of the inhabitants. We found
that agricultural productivity does not dictate health status, as evidenced by the lack of
significant variation in body size between lowland and upland populations, despite lower rice yield
and production in swidden farming. Furthermore, health risk appear to be higher among lowland
populations due to greater exposure to trace elements.



The mountainous regions of mainland Southeast Asia represent a unique area, shaped by the
interactions, conflicts and negotiations between lowland and upland soci eties that have devel oped
under contrasting ecological conditions.

Notably, it has been posited that valley states held significant political sway over upland
communities. These valley states primarily relied on wet rice farming, resulting in the emergence
of chiefdom societies characterized by hierarchical socia structures. These chiefdom societies
subsequently established afederation, which in turn exerted control over the upland communities.

Conversely, upland regions served as refuges from centralized power. Although some upland
inhabitants were subordinate to the state, others evaded its control and established egalitarian and
highly mobile societies. It has been suggested that their agricultural practices, such as swidden
farming, were deliberately designed to maintain distance from valley states and minimize undue
interference.

To understand the lowland-upland relationship, previous studies have emphasized superior
agricultural productivity inthelowlands. Technically, theyield and production of wet rice farming
in these regions surpass those of swidden farming, leading to larger populations in lowland
communities.

However, the applicability of thelowland dominance model may be confined to areaswith sizable
valleys, where royal capitals were established, and historical resources are accessible. Given that
smaller valleys are more prevalent in this region, there is ample room to scrutinize whether this
model can be universally applied. Interestingly, the population ratio of upland inhabitants has
consistently exceeded that of the lowlanders. This implies a substantial degree of difficultiesis
required for lowland dwellers to sustain their political dominance. As such, this study posits the
existence of diverse, complex relationships between lowland and upland societies that cannot be
encapsulated by the prevailing model.

In constructing an alternative model, we concentrated on the health and physical condition of the

inhabitants. We postulated that if agricultural productivity has been a key determinant of
population size, it should also be reflected in the residents’ health status.

To test the hypothesis, we assessed the severity of food shortages, habitability of both lowland



and upland regions, the adaptability to local ecosystems, and the nutritional intake of both lowland
and upland dwellers.

Research sites: This study was carried out in three villages in the Oudomxay province of Northern
Laos. Nam Nyon village, situated in aremote upland area, sustainsitslivelihood through swidden
and wet ricefarming, aswell asgathering wild plants. Na Savang village, located in asmall valley,
has a population primarily engaged in wet rice farming for an extended period. Lastly, Na Lae
village liesin alarger valley housing provincia capita, where residents are involved in wet rice
farming and small-scal e businesses.

The research was undertaken during both the rainy and dry seasons in 2018 and 2019, with the
study's components as follows:

The severity of food shortages: We conducted anthropometric measurements, such as the height
and weight of residents, were conducted. These metrics, along with BMI, were subsequently
compared across the three villages.

Habitability: Oxidative stress levels were used as an index. We collected urine samples from all
three villages and measured urinary 8-OHdG, 8-isoprostane concentrations and telomere length.
In paralel, we also quantified the urinary concentration of trace elements, including arsenic,
cadmium, lead, and selenium was also measured.

Adaptability: We established the diversity of gut microbiome as the index of adaptability. Feca
samples were collected from all three villages, which the gut microbiome was enumerated and
analyzed.

Nutritional intakes: The dietary patterns, nutritional intakes and livelihood of Nam Nyon village
were surveyed.

Upon analyzing the BMI and height of individuals aged 20 to 60 years old of both sexes, no
significant differences were observed between lowland and upland dwellers. This suggests that
variations in agricultural practices are not likely to influence health status. Consequently, the
lower productivity associated with swidden farming cannot be attributed to health status.

Conversely, within the upland village, the dietary patterns varied significantly different between
households practicing wet rice and swidden farming. Households reliant on swidden farming
consumed more wild plants and wild boar, leading to higher dietary fiber and vitamin C intake.
In contrast, househol ds practicing wet rice farming consumed more gourd leaves, aguatic animals
and salt, resulting in higher niacin and vitamin B12 intake.



A significant differencein the diversity of gut microbiome was observed between the upland and
lowland villages, even though the villages were merely 10km apart asthe crow flies. The diversity
in Nam Nyon village was remarkably higher than in Na Savang village. While the former was
estimated to have between 400 to 2000 species, the latter only hosted 200 to 900 species. These
differences in gut microbiomes diversity are attributable to the variations in landscape, natural
resources use, and the diversity of wild plants consumed. Additionally, a more diverse gut
microbiome implies a broader adaptability to arange of natural conditions.

Popul ation demonstrating higher levels of oxidative stress were observed in the lowland villages.
Although it was plausi bl e that moderni zation exerted a considerable influence on oxidative stress,
variations in ecosystems also likely contributed to these stress levels. The urinary concentration
of arsenic was higher in the lowland village, while cadmium exposure was more preva ent in the
upland village. Despite exposure to both these trace elements can cause DNA and lipid damage,
increasing oxidative stress, the level was higher in the lowland village. This suggests that,
aongside modernization, differences in livelihoods--including natura resources use influenced
by ecosystems--could a so be factors impacting hedth status.

In conclusion, agricultural productivity does not necessarily correspond to differences in health
status. This is suggested by the lack of significant variation in body size between lowland and
upland populations, despite the lower yield and production of rice in swidden farming.
Additionally, health risk appears to be higher among lowland popul ations due to greater exposure
to trace elements. Lastly, lowland and upland populations seem to adopt distinct adaptation
strategies to their environment. Lowland populations utilize a specialist strategy, while upland
populations adopt a generalist approach.
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