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Abstract

Mounting evidence suggests that income inequality is associated with worse individual health. But
does the visibility of inequality matter? Using data from a horticultural-foraging society of native
Amazonians in Bolivia (Tsimane’), we examined whether village inequality in resources and
behaviors with greater cultural visibility are more likely to bear a negative association with health
than village inequality in less conspicuous resources. We draw on a nine-year annual panel (2002—
2010) from 13 Tsimane’ villages for our main analysis, and an additional survey to gauge the
cultural visibility of resources. We measured inequality using the Gini coefficient. We tested the
robustness of our results using a shorter two-year annual panel (2008-2009) in another 40
Tsimane’ villages and another measure of inequality (coefficient of variation, CV). Behaviors with
low cultural visibility (e.g., household farm area planted with staples) were less likely to be
associated with individual health, compared to more conspicuous behaviors (e.g., expenditures in
durable goods, consumption of domesticated animals). We find some evidence that property rights
and access to resources matter, with inequality of privately-owned resources showing a larger
effect on health. More inequality was associated with improved perceived health — maybe due to
improved health prospects from increasing wealth — and worse anthropometric indicators. For
example, a unit increase in the Gini coefficient of expenditures in durable goods was associated
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with 0.24 fewer episodes of stress and a six percentage-point lower probability of reporting illness.
A one-point increase in the CV of village inequality in meat consumption was associated with a 4
and 3 percentage-point lower probability of reporting illness and being in bed due to illness, and a
0.05 SD decrease in age-sex standardized arm-muscle area. In small-scale, rural societies at the
periphery of market economies, nominal economic inequality in resources bore an association
with individual health, but did not necessarily harm perceived health. Economic inequalities in
small-scale societies apparently matter, but a thick cultural tapestry of reciprocity norms and
kinship ties makes their effects less predictable than in industrial societies.
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“What man dresses in purple raiment that will be shown to no one? Who feasts in
secret on golden plates? Who lies down under the shade of some rural tree and
displays his splendid luxury all alone? No one gets dressed up just for his own eyes,
or even for a few close friends: he extends the trappings of his faults as the crowd
of onlookers increases” (Lucius Annaeus Seneca)

1. Introduction

Several studies suggest that greater income inequality is associated with worse individual
health (Deaton, 2013; Kawachi and Subramaniam, 2014; Kondo et al., 2009; Pickett and
Wilkinson, 2015), but most studies have focused on people in market economies. The main
paths connecting income inequality and health include absolute income or material living
standards and psychosocial and behavioral mechanisms (Lynch et al., 2000). The latter path
suggests that, beyond the social gradient of health, economic inequality affects health
through social comparisons and cognitive processes. These comparisons erode social capital
and fuel psychosocial stress among all people in a community (contextual effects), which
may harm health through several biological mechanisms (Brunner, 1997; Dickerson and
Kemeny, 2004; McEwen, 2012). Social comparisons matter and may affect health even in
relatively egalitarian small-scale societies (Reyes-Garcia et al., 2008; Saidi et al., 2013;
Undurraga et al., 2016; Von Rueden et al., 2014).

The evidence raises an intriguing question. If social comparisons are associated with health,
does economic inequality in resources with high cultural visibility bear a stronger negative
association with health than those with less cultural visibility? We examine whether
individual health is affected simply by how unequal economic resources are distributed, or
by the visibility of these inequalities. Based on existing evidence, we expect that more
inequality will be associated with worse health outcomes and that this relationship will be
stronger for more visible economic resources.

We draw on data from a horticultural-foraging society of native Amazonians in Bolivia
(Tsimane’), a setting that allows us to limit unmeasured heterogeneities that plague other
studies (e.g., residential segregation, ethnicity). We examine the visibility of inequality by
focusing on the use of conspicuous consumption to signal prestige and status. We draw on
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two decades of ethnographic work and a nine-year annual panel (2002-2010) to estimate the
association between various measures of individual adult health (stress, reported morbidity,
consumption of alcohol and cigarettes, cardiovascular indicators, and anthropometric
indicators of nutritional status) and the Gini coefficient of village inequality in resources that
vary in their cultural visibility. We use the coefficient of variation and a shorter panel in
another 40 villages to assess the robustness of our results.

1.1 Signaling status

To test the idea that people invest in positional goods to enhance their status, Heffetz (2011,
2012) developed the concept of socio-cultural visibility. Cultural and physical visibility need
not overlap; some goods might be physically visible but might be ignorable because they
carry little cultural meaning. People are socialized into different values and preferences that
guide their behaviors and inclinations (Bourdieu, 1984); culture trains us to spot the
observable. Heffetz based his analysis on the Consumer Expenditure Survey of the USA. He
split household expenditures into 31 categories, and surveyed adults to know how long it
would take them to notice a neighbor’s expenditure in each of these categories. From their
answers he developed a cultural visibility index, which explained ~30% of the variation in
total household expenditures. Since then, studies in Germany, South Africa, Indonesia, and
the USA have supported his findings (Chandra et al., 2009; Friehe and Mechtel, 2014; Kaus,
2013; Roth, 2015): people spend resources to acquire goods that others notice because
getting noticed enhances social status.

In industrial societies, status signaling through positional goods happens because
anonymous strangers cannot verify one’s wealth unless one makes it noticeable (Bagwell
and Bernheim, 1996; Glazer and Konrad, 1996). And status is positively associated with
economic well-being (Frank, 1985), good health (Sapolsky, 2005), and reproductive success
(Hudders et al., 2014; Miller, 2011; Newson, 2009). People in remote, rural societies might
not need to display status through conspicuous consumption since interactions occur
between people who know each other; but the need to display status will probably gain
importance as traditional societies transmogrify in the face of globalization (Godoy et al.,
2007a).

1.2 The people

The Tsimane’ live in the tropical rain forest, mostly along the rivers Maniqui and Apere in
the department of Beni, Bolivia. Figure 1 shows the location of the 13 villages in our panel
study. The Tsimane’ are a highly endogamous society, following preferential system of
cross-cousin marriage (Daillant, 1994). Recent population estimates by the Tsimane’
Council, their governing body, suggest that they number approximately 14,200 people,
living in about 95 villages of at least eight households (Undurraga et al., 2015). A village
has about 20 households (standard deviation, SD=24), with an average of six people per
household.

Houses lie scattered in a village, with blood and marriage-related families living around an
open courtyard. Made of palms, poles, and planks, houses have four sides and, in remote
villages, lack walls. In villages closer to towns, it is more common to see locks on doors and
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walls to enclose their homes. A survey of 13 villages in 2002 showed that in remote villages
houses had an average of 2.5 walls (SD=1.6), but a quarter of houses had no walls. In houses
closer to town, houses had 3.3 walls (SD=1.2), and 9% of houses had no walls. Tsimane’
keep many durable goods in lean-to kitchens, and 71% of these sheds had no walls.
Tsimane’ have a lax attitude toward asset ownership; they leave physical assets in their open
courtyards so anyone can easily see what their neighbors own (Godoy and Jacobson, 1999).

In 2004 we did a survey of annual monetary expenditures and had an open-ended question
about the purchase of any durable good during the previous year. People listed all
expenditures in durable goods, with no restrictions on what respondents could list. When
they had finished listing expenditures, we prompted their memory with items other
respondents had listed. We then grouped purchases into animals, clothing, kitchen, health
and hygiene, luxuries, school supplies, tools, and transport (Godoy et al., 2007a). These
categories were not based on socio-cultural visibility, ubiquity, or prices, and except for
luxuries, the definition and identification of a category was unambiguous to an ordinary
observer. For example, we would have classified shirts as clothing, notebooks as school
supplies, etc. Tsimane’ allocated a higher share of expenditures to the purchase of luxuries
than of to the purchase of durable utilitarian goods (e.g., cutlasses), but the study left
unexplored the links between inequality, health, and the cultural salience of a resource.

We used ethnographic research to identify the range of asset wealth owned by adults. We
split physical assets into domesticated animals, industrial goods acquired in the market, and
locally-produced assets. The range of goods allows one to define the relative wealth level of
each adult. For example, even the most asset-poor women own chickens, fishhooks, and
cotton bags, and even the most asset-poor men own bows and arrows, but only the most
asset-rich people own pigs, cattle, rifles, or shotguns. We obtained a measure of asset wealth
based on the village selling price of the assets, if the good was locally produced and had
been sold/bartered in the village during the last month. If nobody in the village had sold/
bartered the good, we imputed the price from the closest village. For goods that were rarely
sold in villages (e.g. shotguns), we used the value in the nearest town. Since children own
some assets (e.g., chickens), they were included when computing household wealth.

In 2009, mean daily monetary income per person among the Tsimane’ reached US$0.90
(SD=2.1). The mean annual village Gini coefficient of asset wealth inequality in the 13
villages of the panel study (2002-2010) was 0.31 (SD=0.07) based on household wealth and
0.49 (SD=0.06) based on individual adult wealth. We found more village inequality in
monetary earnings of adults (Gini=0.73) than in durable-asset wealth (Gini=0.31; 0.49)
because only adults (and mostly men) have access to wage earnings in logging camps or in
cattle ranches, whereas everyone has access to physical assets (e.g., poultry). International
studies suggest that a Gini >0.30 is needed before country income inequality is associated
with poorer health (Kondo et al., 2009).

Tsimane’ have clear concepts of private ownership, but they often borrow, share, and
exchange goods and labor. Short of cash stacked away, economic resources are not exactly
open for anyone to take. But they are accessible to others through multiple channels,
including gifts, borrowing, and petty theft, which are made easier by a lax attitude toward
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planted crops and physical assets. The prevalence of gift-giving, reciprocity, sharing, and, to
a lesser extent, tolerated theft as a way of buffering future consumption among native
Amazonians, including the Tsimane’, have been well documented (Godoy et al., 2007b;
Hooper et al., 2015; Jaeggi and Gurven, 2013; Overing and Passes, 2007; Undurraga et al.,
2014). Several environmental and socio-economic constraints make it hard to accumulate
wealth; instead of relying on material accumulation, Tsimane’ cope with mishaps through
sharing and reciprocity (Undurraga et al., 2014). However, some evidence suggests that the
Tsimane’ have a stingy side, particularly with food (Ellis, 1996; Henrich et al., 2004), so it
remains unclear whether cultural norms attenuate village inequalities or simply co-exists
with them.

2. Methods

2.1 Datasets

We used two main datasets: (1) a study to measure and rank goods by their cultural
visibility, and (2) an annual panel in 13 Tsimane’ villages (2002-2010; hereafter long-
panel). We assess the robustness of our results using a short panel (2008-2009; hereafter
short-panel) in 40 different villages.

In 2006 Heffetz adapted the index of cultural visibility from the USA to the Tsimane’. Using
these data, we chose six behaviors that spanned the continuum of cultural visibility and were
included in our panels. Using Tsimane’ rankings, we grouped behaviors into high, medium,
and low cultural visibility. High visibility included consumption of wildlife and meat from
domesticated animals. Monetary expenditures in luxuries (e.g., jewelry) and durable assets
(e.g., metal tools) were classified as “medium visibility”. Low visibility included forest area
cleared by a household for horticulture, and household farm area planted with staples
(manioc, rice, maize, plantains).

We note three caveats about the index of cultural visibility. First, the cultural visibility of a
resource might vary in relation to its price, mode of acquisition, and/or ownership (e.g.,
individual versus communal). A resource, such as a canoe, might be nominally owned by a
person, but informally shared. If so, cultural visibility might overlap with other attributes of
the resource. Second, while some resources are individually owned and controlled (e.g.,
expenditure in luxuries), other resources might be nominally owned by the individual, but
jointly managed (e.g., area planted by a household). Third, cultural visibility is not
necessarily a proxy for prestige. More prestigious individuals, in principle, should be more
likely to engage in highly visible behaviors, unless lower-ranking people are trying to move
up the hierarchy.

Our second dataset was the long-panel. We collected annual panel data from all adults
(n=1036; >16 years of age) in all households (n=401) of 13 villages. Adults were surveyed
in a range of core topics, including: demography, asset wealth, monetary earnings, barter,
reciprocity, self-perceived health and emotions, and anthropometric indicators of short and
long-run nutritional status, as described elsewhere (Leonard et al., 2015).
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Our robustness analysis is based on panel data collected for a randomized-controlled trial in
another 40 villages (2008-2009), described elsewhere (Saidi et al., 2013; Undurraga et al.,
2016). Treatments included unconditional income transfers only to the poorest households or
to all households in a village, with untreated households as controls. The survey topics
covered in both panels were similar, except that the short panel included cardiovascular
health and finer measures of stress (Cohen et al., 1983).

2.2 Health outcomes

Health outcomes fell into three categories: perceived or subjective health (stress and
morbidity), behavioral health (addiction), and objective health (anthropometric indicators of
short-run nutritional status). Perceived stress and addiction proxy for psychological health;
research suggests that these indicators (along with perceived morbidity) are more likely to
respond in the short run to changes in economic inequality (Kawachi and Subramaniam,
2014; Pickett and Wilkinson, 2015). Table 1 shows the definition of outcomes and covariates
used in the main regressions, and summary statistics for the latest (2010) survey in the long-
panel.

2.3 Analysis strategy

We analyzed data using the following OLS model:

Hinvij=a+® - Inequality 4+ - Resourcejnyii+6 - Controlsiny+e [1]

where A stands for the health of individual 7of household #in village vat time £ jindexes
for health outcome. /nequality stands for the inequality index of resource kin village vat
time ¢. Resource stands for resource k (e.g., expenditure in luxuries) of individual /at time ¢
Controlsincluded age, gender, education, travel time from village to town, median annual
value of & for the village, annual village population size, and number of times the person
was surveyed.

We included education and level of resource K'to condition for the effects of economic
inequality on individual health on resources that might protect health. By including median
annual value of & for the village and individual level of resource K, we are conditioning the
results to the mean availability of the resource in the village in each year and also by
individual consumption of that resource. We included village-to-town travel time to adjust
for healthcare access, and village population as a proxy for the likelihood of social
comparisons. Regressions included robust standard errors, adjusted for clustering at the
village level, and year-fixed effects.

As a robustness check, we followed the practice of using different measures of village
economic inequality (coefficient of variation, CV) to ensure results do not hinge on how we
measured inequality (De Maio, 2007; Kawachi and Kennedy, 1997; Wagstaff et al., 1991).
The CV might provide a more precise measure of inequality for right-skewed distributions.
In the results section, “a one-point increase” in the Gini coefficient refers to one unit in a 0
100 index (Supplementary material, Appendix A).
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3. Results

3.1 Main results

Table 2 contains two noteworthy results. First, we found evidence that village inequalities in
behaviors with the least amount of cultural visibility bore no statistically significant
association with health outcomes. Second, we found that greater village inequality was
associated with better perceived health but worse anthropometric indicators of nutritional
status. (Full regressions are shown in the Supplementary material, Appendix B.)

Village inequality in behaviors with low cultural visibility (area planted and deforested;
Table 2, section 111) bore no association with health. However, village inequalities in
resources with medium visibility were significantly associated with improved self-perceived
stress and illness. Last, village inequality in meat consumption (highest cultural visibility)
was associated with lower anthropometrics. These results provide partial support for the
hypothesis that inequality in resources with less visibility are less likely to be associated
with health than more conspicuous resources. Interestingly, the inequalities most likely to be
associated with individual health were those with medium cultural visibility. To illustrate the
results, a one-point increase in the Gini of village inequality in meat consumption was
associated with a 0.56 SD decrease in age- and sex-standardized arm-muscle area and a
1.70-point decrease in BMI. Among resources with medium visibility, a one-point increase
in the Gini coefficient of village inequality in expenditures in durable goods was associated
with 0.24 fewer episodes of stress and a six percentage-point lower probability of reporting
illness. An increase in the Gini coefficient of village inequality in expenditure in luxuries
was also associated with 2.5 fewer episodes of stress and a 22 percentage-points lower
probability of reporting illness.

Table 2 also suggests that as village economic inequality increases, perceived and behavioral
health improve, but anthropometric indicators weaken. An increase in the Gini coefficient of
village inequality in expenditures in durable assets or luxuries was associated with lower
perceived stress, lower perceived morbidity, and lower addiction. However, an increase in
the Gini coefficient of village inequality in meat consumption of domesticated animals was
associated with lower mid-arm muscle area and lower BMI. A decline in BMI and arm
muscle area is adverse because the Tsimane’ are physically fit (Zeng et al., 2013).

3.2 Robustness

3.2.1 Coefficient of variation as a measure of inequality—Table 3 shows the main
coefficients for the same regressions, but using the CV instead of the Gini coefficient to
measure village economic inequality. The results of Table 3 largely support the earlier
results. Four of the six statistically significant coefficients in Table 2 remained significant
and retained their sign. Irrespective of visibility, more village inequality was associated with
both improved perceived health and with worse anthropometrics.

However, Table 3 shows two new findings that were not apparent in Table 2. First, whereas
in Table 2 behaviors with low cultural visibility bore no significant association with any
health outcomes, Table 3 shows that a unit increase in the CV of forest area cleared was
associated with a 14 percentage-point lower probability of reporting illness,, a 0.28 SD
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decrease in age- and sex-standardized arm-muscle area and a 1.16-point decrease in BMI,
and a negative association with consumption of cigarettes and alcohol. Hence, by itself,
Table 3 provides no support for the hypothesis that resources with lower visibility would be
less likely to be associated with health. Second, we found several more significant
associations among behaviors with high visibility, suggesting that our hypothesis might
hinge on the measure of inequality used. Village inequality in the consumption of meat from
domesticated animals also bore a negative association with stress and illness, and village
inequality in the consumption of wildlife bore a negative association with arm muscle area.
A one-point increase in the CV of village inequality in meat consumption was associated
with a 4 and 3 percentage-point lower probability of reporting illness and being in bed due to
illness respectively, and a 0.05 SD decrease in standardized arm-muscle area. A unit increase
in the CV of village inequality in the consumption of wildlife was associated with a 0.18 SD
decrease in standardized arm-muscle area.

3.2.2 Fresh sample and improved outcomes—To be sure about our findings, we
repeated the analysis of tables 2—-3 using a larger dataset of 40 different villages measured
over two years (2008-2009), including an improved measure of stress and cardiovascular
health. Table 4 shows the main results the additional analysis using Gini and CV as
indicators of inequality.

In Table 4, as in tables 2—-3, the measures of inequality based on the CV were more likely to
show statistically significant results than those estimated with the Gini coefficient. For
example, using CV (sections IV=VI, Table 4) we found a total of 11 statistically-significant
coefficients, but only six were significant when using the Gini coefficient (I-111, Table 4).
Like Tables 2—3 together, Table 4 suggest that village inequality in resources with low
visibility were less likely to show statistically-significant associations with health than those
with higher cultural visibility. As an additional robustness check to compare the relative
importance of the visibility of inequality, we reran all the regressions presented so far, but
including all inequality domains simultaneously (Supplementary material, Appendix C,
tables C3 and C4). The results confirmed our finding that resources with low visibility were
less likely to be associated with health outcomes.

Tables 2-3 unambiguously suggested that village inequalities were associated with better
perceived health but worse anthropometrics. Table 4 shows more ambiguous results. For
instance, village inequalities in durable goods or in luxuries were associated with improved
BMI, but higher systolic blood pressure. Village inequality in planted area was associated
with more stress and higher pulse rate (1, Table 4). Higher levels of self-reported addiction
were associated with less village inequality in forest area cleared (section 111, Table 4) and
durable goods (section V, Table 4), but with more inequality in village meat consumption
(section 1V, Table 4).

4. Discussion

Our analysis showed several noteworthy results. First, we found that the index used to
measure village economic inequality mattered, in accord with previous studies of inequality
(De Maio, 2007; Kawachi and Kennedy, 1997). The inequality index did not change the
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direction of the association, but the Gini coefficient resulted in wider confidence intervals
than the CV. A connected lesson relates to the value of robustness checks using a fresh
sample, which allowed for a more nuanced interpretation of findings.

Second, behaviors with low visibility were less likely to be associated with health than more
conspicuous behaviors. But we found no evidence of a gradient in the magnitude of these
effects. Interestingly, behaviors with medium visibility were the most likely to be associated
with health, probably for two reasons. Resources with medium visibility were more likely to
be individually owned, whereas the use of wildlife meat and area planted or deforested have
laxer property rules. People are expected to share in the success of a hunting or a fishing
expedition (Gurven and Von Rueden, 2006; Undurraga et al., 2014), or to share meat (Ellis,
1996), and the same applies to area cultivated. People without enough food can
surreptitiously take planted crops from others’ fields. Thus, it might not be simply cultural
visibility that matters, but also tenure and formal or informal access to the resource. If
inequality triggers resentment, thereby harming health, then goods and behaviors with
intermediate cultural visibility are the most likely culprits since people have informal access
to some of each other’s crops and catch from the wild. Measurement error could be another
explanation. With shared resources there might have been some double counting.
Consumption of shared resource K might have included the amount received in gifts or
pilfered. If so, we would expect some measurement error both around K and village
inequality in K, which may attenuate the effects of inequality. These errors would be less
marked with privately-owned resources, of which people are more likely to know how much
they own.

Third, we found an apparently ambiguous association between economic inequality and
health. The results from the long-panel (tables 2-3) suggest that higher village inequality
was associated with improved perceived health and worse anthropometrics, but this finding
was not robust (Table 4). This ambiguity could reflect noise or omitted-variable bias,
particular to each health outcome and resource inequality. For instance, unmeasured
reciprocity norms might be associated with better anthropometric outcomes, but would be
negatively associated with inequality in nominal resource ownership. If so, failure to control
for these norms may attenuate the association between inequality and anthropometrics (but
maybe not the association between inequality and perceived health). We reran the
regressions including an indicator of whether the participant had given or received any gifts
during the seven days before the survey (Supplementary material, Appendix C, section 3.3).
The results largely held, except for the regressions of the 13-village panel using CV as a
measure of inequality. Despite the limitations in the reciprocity variable, four
anthropometric indicators were no longer significantly associated with resource inequality,
which hints at the idea that reciprocity may mediate the relation between inequality and
health. Relative rank could be another confounder, although we partially controlled for rank
by including the individual level of resource K| and elsewhere we show that rank is stable
over time and has a small effect on health (Undurraga et al., 2010).

We think that a more plausible explanation for our findings relates to the differences
between perceived and objective health. People’s perceptions may be a relatively poor
indicator of actual health (Sen, 2002), but may instead indicate perceived health prospects.
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Considering Tsimane’ reciprocity norms and lax property rights, villages with higher
inequality may be villages with increasing wealth availability, and more so for industrial
goods (medium visibility). If so, the finding that higher village inequality was associated
with better perceived health and worse objective outcomes should not come as a surprise.
But results from Table 4 are less clear-cut. The positive association between village
inequality in industrial goods and BMI (non-significant in tables 2-3) is, however, consistent
with this explanation: inequality in industrial goods may signal greater availability of outside
wealth.

Empirical ambiguity in results are not unique to our study. While a large literature supports
the relation between community inequality and health, harmful effects of inequality are
more likely when inequality is measured over large units (e.g., nations), outcomes include
objective rather than subjective measures of health, outcomes have a steep social gradient,
inequalities are computed from individual rather than from household data, and when using
longer panels (Kawachi and Subramaniam, 2014; Kondo et al., 2009; Pickett and Wilkinson,
2015). Because each of the two datasets we used has specific strengths and shortcomings
(Leonard et al., 2015; Undurraga et al., 2016), it is difficult to place more confidence in one
over the other.

Our study has several limitations. Owing to limited funds, we had to limit the panel to 13
villages and nine annual surveys. These villages vary in their levels of acculturation and
market exposure. Self-reported measures of health have limitations, as has been shown
elsewhere (Sen, 2002). Measures of income or expenditures in goods in a rural society such
as the Tsimane’, where money is of limited use, are limited compared to these same
measures in societies with well-established markets. Because our study relies on
observational data, our results are limited by well-known endogeneity bias. We present
associations between the inequality in resources with different levels of visibility and health
outcomes; it is also possible that inequalities are caused by differences in health (Deaton,
2013). Last, some variables may be problematic to identify the relation between inequality
and health. For example, as is true for other native Amazonians, hunting game is a
prestigious activity among the Tsimane’ and is a costly investment that may bring benefits
beyond nutrition (Gurven, 2004; Gurven et al., 2006). But it is also true that consuming meat
has a direct effect on health, particularly considering some evidence suggesting that the
Tsimane’ diet is rich in carbohydrates and calories but may be poor in animal protein (Foster
et al., 2005). Another example may be a potential relation between inequality and
agricultural productivity; although previous studies have found little evidence to support this
hypothesis (Godoy et al., 2004).

5. Conclusions

The main strengths of our analysis include the use of a unique dataset to rule-out common
confounders, alternative measures of inequality, and two distinct samples. We went beyond
the literature relating inequality and health by examining the effects of inequality in goods
that varied in their cultural salience. We found evidence for the importance of the visibility
of inequality, with less visible resources being less likely to show an association with health
than more conspicuous resources, particularly those of medium visibility. Tenure rights and
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access to resources also matter, with inequality of less accessible resources showing a bigger
effect on health. Last, our main results showed that inequality in various economic resources
was associated with better perceived health (or health prospects) and worse objective health
indicators, but results were not robust to a different sample. Large income differences in
industrial nations are associated with worse health and other social problems. But this need
not be so across societies of a different ilk. When economic inequalities intertwine with a
thick tapestry of reciprocity norms and Kinship ties, their effects on well-being become less
predictable. Economic inequalities in small-scale societies might matter, but in ways we do
not yet fully understand.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research highlights

. Does village economic inequality affect health in small-scale rural
societies?

. Cultural visibility of inequality and tenure rights over resources matter.

. Inconspicuous resources have smaller effect on health than conspicuous
resources.

. Economic inequality was not necessarily adverse for subjective health.

. Reciprocity norms and kinship probably attenuate the harmful effects
of inequality.
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Figure 1. Map of the 13 Tsimane’ villages that participate in the annual panel study (2002-2010)
Note: The shading of the territory denotes elevation (mamsl=meters above sea level). The

square symbols and letters in each town are approximately proportional in size to town
population. Tsimane’ villages include the 13 villages of the annual (2002—-2010) Tsimane’
Amazonian Panel Study (TAPS). The Tsimane’ territory is an administrative division that
does not reflect all the lands inhabited by the Tsimane’.
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Definition of variables used in the regressions, and summary statistics for the latest survey (2010)
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Name Definition N Mean SD
[A] Outcome variables:
[i] Perceived stress and perceived morbidity:
Stress “During the last 7 days how often did you feel...... ?” 607 4.35 1.33
Negative emotions included: sad, fear, angry, and unhappy
Mean of total episodes of negative emotions used.
Bedd Person reported being bed-ridden in last 2 weeks=1; zero otherwise. 612 0.21 0.41
ma Person reported having had an illness or symptom of illness in last 2 weeks=1; zero otherwise. 612 0.51 0.50
[ii] Addiction:
Addiction? Principal component factor analysis used to create a Z score for consumption in last seven days of 657 0 1
commercial cigarettes and alcoholic beverages.
[iii] Anthropometric indicators of nutritional status:
Arm (muscle)¢ Age and sex-Z score of arm muscle area based on Frisancho (2008) norms 611 -0.62 0.87
BM19 Body-mass index (weight [kg]/standing height [m?]) 454 2386 293
[B] Gini coefficients of village inequality (H, M, and L = high, medium, and low visibility):
Wildlife Kg of wildlife (wild meat, fish, and birds) eaten by person in last 7 days/# of household residents. 13 0.43 0.09
Per capita indices computed from household data’household size (H)
Meat Kg of meat from chickens, pigs, cattle, and ducks eaten by person in last 7 days/# of household 13 0.57 0.14
residents. Per capita indices computed from household data’household size (H)
Durables€ Monetary expenditures in physical durable assets in last 7 days (e.g., metal tools, plastic buckets). 13 0.88 0.27
Per capita indices computed from individual data (M)
Luxuries Monetary expenditures in luxuries in last seven days (e.g., watches, perfume). Per capita indices 13 0.83 0.06
computed from individual data (M)
Plantings Hectares (ha) planted with main crops last year: manioc, rice, maize, plantains. Per capita indices 13 0.36 0.06
computed from household data (L)
Forest Hectares (ha) of old-growth and fallow forest cleared for farming last year. Per capita indices 13 0.38 0.07
computed from household data (L)
[C] Control variables:
Male Subject’s sex (male=1; female=0) 612 0.49 0.5
Education Maximum school grade attained by subject 612 3.0 29
Age Subject’s age in years 612 36 16
Year Survey year
Count # of times person was surveyed in panel 612 7.2 2.6

Notes: We limited the recall period for our measures of expenditures in the panel surveys to seven days for two reasons. First, we piloted several
different ways of measuring socioeconomic variables. As is true in other native Amazonian societies (Gordon, 2004; Pica et al., 2004) among the
Tsimane’ one finds limited cultural significance for numbers (Piantadosi et al., 2014; Undurraga et al., 2013). Because of Tsimane’ limited use of
numbers and thus faulty recall we have found it hard to obtain reliable measures of expenditures, particularly in ordinary goods compared with
salient goods. Second, because asking about expenditures and consumption over longer recall periods takes more time, we limited recall to one
week in the 9-year panel study.

a . . . L . . - . . - . .
The variables bedand J// capture different points in the continuum of perceived morbidity, with Bed capturing morbidity that is perceived as so
severe that it restricts the person to bed and limits ordinary activities.

bWe used addiction as a proxy for stress and negative emotions. Previous research suggest that economic inequalities affect mental health,
including addiction (Pickett and Wilkinson, 2015), although some have argued that poorer health is rather a consequence of differing lifestyle and
habits by socioeconomic status (Costa-Font et al., 2014). We also collected data on consumption of coca leaves and of a traditional home-fermented
beverage (chicha), but did not include them as addictive substances. Chewing coca leaves is a highland trait that Tsimane’ have adopted to relieve
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fatigue, hunger, and thirst when doing strenuous physical work. The consumption of chicha s a traditional form of displaying sociability, takes
place at home with guests, and is associated with a festive group spirit and not with drunkenness, as is the consumption of commercial alcoholic
beverages, which is often done alone. By construction, addiction has mean=0 and SD=1.

C . . . .
We used calipers to measure mid-arm muscle area following the norms of Frisancho (2008).

dWe followed Lohman’s protocol to measure standing height and body weight (Lohman et al., 1988), and excluded pregnant and lactating women
(Zeng et al., 2013). Unlike other native Amazonian populations, the Tsimane’ show little evidence of increased obesity (Zeng et al., 2013). Previous
studies have found a significant association between BMI and wealth inequality (Carson, 2013).

e . . . Lo . . . ] .

The durable category includes the value of industrial goods acquired in the market, including knives, fishhooks, cutlasses, axes, and cooking pots,
rifles, shotguns, fishnets, mosquito nets, radios watches, bicycles, and grinders. In contrast, locally-produced assets included the value of canoes,
bows and arrows, cotton bags, grinding platforms, and wooden mortars.

Controls variables also include village-to-town travel time, annual village median of the resources whose inequality we measured, subject’s level

of resource k in section [B] (e.qg., if regression includes Gini of luxuries, resource=person’s expenditure in luxuries), total number of households in
the village each year, and number of annual measures taken from the subject during the nine-years of the panel.
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