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Abstract

In recent years researchers have shown growing interest in the relation between (a) social
capital and individual income and (b) the individual health of people of industrial nations.
The socioeconomic complexity of industrial nations makes it difficult to arrive at firm
conclusions. We partly circumvent the obstacle by using data from a small-scale, pre-
industrial society of foragers and farmers in the Bolivian Amazon (the Tsimane’). We
use a formal statistical model to examine the interactions between the outcome variable,
body-mass index (BMI), and: (i) relative income, (ii) relative social capital, (iii) village
income, and (iv) village social capital. We use BMI because it is a reliable
anthropometric indicator of short-run nutritional status. We test three hypotheses: (a)
people in villages with more social capital should have higher BMI, (b) the positive
association between social capital and BMI will be more marked among the poor, and (c)
the better-off who display generosity will have higher BMI than the better-off who do
not. On the methodological side we show the importance of: (1) focusing on relative
measures of income and social capital, (2) estimating interaction between community and
relative measures of income and social capital, and (3) showing results through easy-to-
read contour plots that summarize the relation between BMI and various pairs of
explanatory variables. On the substantive side we find evidence that: (I) village social
capital and village income complement each other and go with better BMI, particularly
among the poor, (I1) the rich who are stingy have lower BMI than the rich who display
generosity, and (111) increase in the level of village income might undermine individual
incentives to invest in social capital. We explore possible paths between explanatory
variables and BMI, and end by recommending the use of an experimental research design
to obtain unbiased estimate of causal effects.

JEL classification: 112; 132; N33
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Introduction

Recent years have seen a sally of studies of how individual income and community
variables, such as social capital, might influence individual health (Lynch, Harper &
Davey Smith 2003; Subramanian & Kawachi 2003; Subramanian & Kawachi 2004).
Most such studies have drawn on information from industrial nations and have worked
with indices of social capital aggregated over large geographic units, such as states,
departments, census tracts, metropolitan areas (Wagstaff & van Doorslaer 2000). We
know little about the association between social capital and individual health in small-
scale, rural pre-industrial societies (Flegg 1982; Subramanian, Delgado, Jadue, Vega &
Kawachi 2003) and we know even less about how relative income and relative social
capital over smaller geographical units, such as a rural village, might interact with each
other to influence individual health (Subramanian & Kawachi 2003; Subramanian &

Kawachi 2004).

We lament the gaps and think they matter for at least two reasons. First, the countryside
of the developing world contains most of the world’s poor. There, people live face-to-
face in small rural villages. In fact, for most of human history people have lived in such
villages, so knowing about how social capital and income interact and their association
with individual health in a small-scale rural society can tell one a great deal not only
about a large share of today’s population, particularly the poor, but also about a broad
swath of human history. Recent literature reviews from industrial nations suggest that
social capital produces unclear effects on individual health (Lynch, Davey Smith, Harper

& Hillemeier 2004; Lynch, Davey Smith, Harper, Hillemeir, Ross, Kaplan & Wolfson



2004). In industrial nations, ethnic and racial heterogeneity, government transfer,
insurance policies, and immigration have made it hard to estimate with precision the
direct effects of social capital on individual health (LeClere & Soobader 2000;
Subramanian & Kawachi 2003). Besides filling a gap in our spatial and temporal
understanding of how individual health and social capital interact, studying the topic in a
pre-industrial, small-scale society should make it easier to detect relations between
variables of interest in industrial societies because pre-industrial societies lack the
socioeconomic and political complexity that have made it hard to establish relations with

confidence in industrial societies.

The past stress on either community or on individual resources has occluded
understanding of how relative measures of income or social capital might influence
health (Subramanian & Kawachi 2004; Wagstaff & van Doorslaer 2000). It might not be
the inequality or the social capital of the community or the income of the person that
hews individual health, but how far the person deviates from the community norm that
matters most for individual health. This would apply if a person’s health reflects how
they feel after they compare themselves to the relevant reference group. It might not be
the direct effect of relative income or of relative social capital that influences individual
health, but how the two relative measures interact with each other and with community

measures of income and social capital that, in the end, mould individual health.

A hurdle in understanding how community and individual resources influence health

stems from reliance on information from observational rather than from experimental



studies. As a result, researchers have only been able to detect relations using statistical
techniques, and have been limited to interpreting the coincidences found. Without theory
and hypotheses guiding the empirical analysis, one cannot trust the verisimilitude of
relations; one cannot tell whether the relations are causal, or whether they are artificially

created, for example, by a potentially infinite number of confounders.

Given the limitations of observational studies, one can try to control for suspected
confounders whose values one measured (or one knows) and for the complexity of the
world by reflecting them in the statistical model. Part of our goal here is to prevent
drawing flawed inferences from oversimplified models (Deaton 2001; Deaton & Paxson
1999). We cannot adjust for confounders whose value we did not or could not measure,
such as the nutritional intake or the amount of physical exercise of individuals, but we
adjust for complications we suspect might color results and for which we have

information — namely non-linearity and interactions between explanatory variables.

In this article we contribute to the growing literature on how relative and community
measures of social capital and income interact to influence individual health. We do so
by drawing on information from a relatively homogenous, highly autarkic society of
hunters, gatherers, and farmers in the Bolivian Amazon - the Tsimane’. The Tsimane’
are in the early stages of continual exposure to Westerners and the market economy.
With a relatively stable society and economy until now, the Tsimane’ live in small
villages of about 20 households, often related by ties of blood and marriage, so their

settlement pattern makes it ideal to assess how relative income and relative social capital



The baseline survey of 2001 contained 37 villages and 387 households. One village
refused to participate in 2001, so we replaced it with another village of similar
socioeconomic characteristics. Villages differed in market openness and in distance to
the closest market town. In each village we selected at random an average of eight
households for the survey (std dev = 3.25). In each household, we selected at random
between the female or the male head of the household to answer survey questions and to
take anthropometric measures. For questions about the entire household, we allowed
other household members to correct the answer of the household head answering the

questions.

Elsewhere we have described the methods used to collect the information presented here
(Godoy, Reyes-Garcia, Vadez, Leonard, Huanca & Bauchet 2005), including the
selection of the sample and general background of the people and region, so for brevity
we limit the discussion of this section to the methods used to collect information on BMI,

income, and social capital.

We begin with a brief discussion to clarify how the measure of relative and community
income and social capital relate to each other in the analysis and to the hypotheses. In
Table 1 we present income as columns and social capital as rows. We split columns and
rows into two levels -- relative and village — and use italics for the name of variables.
Individual income refers to the income of the person. Village income refers to the
average individual income of the village. Relative income refers to individual income

relative to the village norm, as described later. The same logic applies to the three
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measures of social capital. Table 1 shows that cell A, B, and C bear on hypotheses 1, 2,
and 3, and that Figures 1-3 contain the visual results of the test of hypotheses 1-3.
INSERT TABLE 1 ABOUT HERE

Outcome variable. We use BMI for adults or people over the age of 16. BMI

provides a general and widely used omnibus-type measure of under nutrition and risk of
obesity. We used the protocol of Lohman et al. (Lohman, Roche & Martorell 1988) and
measured all adults in light clothing without shoes or hats. We recorded physical stature
(standing height) to the nearest millimetres using a portable stadiometer or a plastic tape

and body weight to the nearest 0.2 kg using a standing scale.

Explanatory variables. To estimate income, we collected information for the

following economic activities at the level of the household: (i) earnings from wage labor,
(i) earnings from the sale of goods, and (iii) value of goods received in barter during the
two weeks before the day of the interview. To this we added (iv) the value of maize, rice,
and manioc consumed by the household during the seven days before the day of the
interview. After adding i-iv we divided the resulting amount by the number of people in
the household to arrive at an estimate of the income for each person in the household, and

we then took the natural logarithm of that variable to arrive at individual income.

The variable social capital captures the total number of times during the seven days
before the day of the interview that households did the following: (i) gave gifts of home-
fermented drinks, cooked food, maize, rice, manioc, fish, meat, seeds, or medicines, and

(ii) offered help hunting, fishing, farming, running errands, and doing other work. We
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computed the average level of social capital in the household by dividing the total
episodes of generosity of the household by the number of people in the household; we

call the variable individual social capital.

From the two variables, individual income and individual social capital, we computed the
variables relative income and relative social capital. Relative income stands for the
logarithm of the ratio between individual income and the village geometric mean income
(village income). Relative social capital stands for the difference between individual
social capital and the village-level (arithmetic) average social capital (excluding the
household supplying the information) (village social capital). For the figural analysis we
present contour plots akin to topographical maps, with two covariates plotted along the X
and Y axes and with contours expressing the third dimension, i.e., the level of individual
BMI as a dependent variable (as a height of the BMI surface above the XY plane), while

holding the remaining two explanatory variables at their averages.

Statistical model

We work with a relatively simple model linear in parameters having village-specific
random effects, other effects being fixed. Therefore, we deal with the linear mixed
model (LME) (Davidian & Giltinan 1995; Pinheiro & Bates 2000). The random effect
adds an extra level of variability (besides the residual variability from usual regression
models) useful for handling heterogeneity among villages and the tendency of measures
taken in the same village being more alike or correlated than those taken in different

villages. The concrete form of the model is:
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BMI; = B, +Db, +ﬁ1(R| )ij +ﬂ2(RS)i +ﬂ3(R| )ﬁ +ﬂ4(RS)i2 +ﬂ5(R| )ij '(RS)i +
A )ij +B,(vs), + B, (V1 )ﬁ + B, (VS )} + By (VI )ij (Vs) + Bu(RI )ij'VS)i + B, (VI )ij (Rs), T &

where:

BMI; is the BMI value of the j-th respondent in i-th village (single
representative of a household)

RI; is the relative income value of the j-th respondent in i-th village

VI; is the village income value of the i-th village

RS; is the relative social capital value of the j-th respondent in i-th
village

VS;; is the village social capital value of the i-th village

BosPrs--s o fixed effects

b, ~ N(O,abz) village-specific effects (random intercepts)

g ~N (O, abz) random (observational/measurement) errors

Apart from overall intercept and village-specific intercepts (random coefficients 3, +b, )

we have here effects of:

i) village-level income (V1) as a “typical” or reference value of income for all
inhabitants of the particular village,

i) village-level social capital (VS) as a “typical” or reference value of social capital
for all inhabitants of the particular village,

iii) individual (household)-level relative income (RI) as a comparison of individual
(household) income with relevant VI,

iv) individual (household)-level relative social capital (RS) as a comparison of

individual (household) social capital with relevant VS.
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Besides the simple linear effects VI, VS, RI, RS, we include their squares to capture
suggestions of nonlinearity in the data. Moreover, we introduce interactions (cross-
product terms) to check whether income (1) and social capital (S) combine additively or
whether they interact to potentiate effects. Since we discriminate between the effects of
S and | at the two levels (population and individual), we are also able to discriminate
between individual and population-level interactions (RI*RS and VI*VS). After fitting
this quadratic surface, we explore and present it on contour plots providing three-
dimensional views of BMI as a modeled surface and various pairs of explanatory

variables (out of the total of four: VS, RS, VI, RI).

Main results
Hypothesis 1: If village social capital protects individual health, then, after
conditioning on village income, people in villages with more social capital should have

higher BMI than people in villages with less social capital.

Figure 1 suggests that, after controlling for village income, people in villages with more
village social capital have higher BMI than people in villages with less village social
capital. Holding constant village income, BMI goes up as village social capital rises.
Village social capital has much stronger associations with BMI at low levels of village
income than at high levels of village income. For example, among the poorest villages,
increases in village social capital go with a steady improvement in BMI. Among the
richest villages, however, improvements in village social capital also go with a gradual

improvement in BMI, but the rate of improvement and the level are much lower than
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among the poorest villages. In sum, we find support for the intuition that conditioning on
village income an improvement in village social capital bears a positive association with
individual BMI.
INSERT FIGURE 1 ABOUT HERE
Hypothesis 2: If village social capital protects individual health, then people at
the bottom of the income distribution in villages with abundant social capital should have
higher BMI than people at the bottom of the income distribution in villages with less

social capital.

In Figure 2 we show the relation between village social capital and relative income. If
we hold constant relative income, then improvements in village social capital tend to go
with better measures of individual BMI among the poor. Figure 2 shows that a poor in a
village without much village social capital has an average BMI of 21-22, whereas a poor
in a village at the upper end of the scale in measures of village social capital has an
average BMI of 27-28. The difference is large, meaningful, and significant; copious
social capital goes with an improvement of ~25% in BMI. The finding lends credence to
the idea that in small-scale, pre-industrial rural societies there is some compensative
action of the village social capital against the limitations imposed by low income
(Morduch 1995); stentorian compensation occurs where it is most needed — among the
poor -- and wanes among those at the top of the income distribution.

INSERT FIGURE 2 ABOUT HERE
In the introduction we noted that interactions between explanatory variables could

produce misleading and mutually contradictory results if one simply used an additive
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model. Figure 2 supports the observation. For instance, a study limited to, say, the
south-east region of the plot would produce the impression of insubstantial links between
relative income or village social capital and BMI. Nevertheless, a study in the north-
west corner would show sharper links between BMI and village social capital and
relative income. In a forthcoming chapter, Durlauf and Fafchamps (Durlauf &
Fafchamps 2005) review the contradictory evidence about the effects of social capital on
well-being; one possible reason for the ambiguity they document might have to do with

the insouciance of previous researchers to interaction effects.

In sum, we find that village social capital and relative income intertwine and bear
associations with BMI. In rural, small-scale, face-to-face pre-industrial societies without
formal mechanisms of insurance, people invest in others through various expressions of
generosity to shield themselves against adversity when misfortunes strike (Morduch
1995). They also give gifts and offer help to avoid the animus of others. Gifts and help,
or what we have here termed social capital, form the cultural glue that binds small-scale
rural societies (Abraham & Platteau 2001). This would explain why village social

capital compensates against the negative effects of low income.

Hypothesis 3: If social capital confers health advantages to the person, then those
at the top of the income distribution should invest more in social capital. Facing fewer
resource constraints, those at the higher end of the income distribution will find it more

profitable to be generous than those at the bottom of the income distribution, and will see
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their efforts rewarded in higher BMI; thus, the rich and generous should have higher BMI

than the rich and stingy.

Figure 3 shows the relation between BMI and the interaction of relative social capital
and relative income. If we focus on people at the upper end of the income distribution,
we see that as their relative social capital rises — as they give more gifts and as they help
others more, as they rise in generosity relative to the village norm — their BMI improves.
Rich and stingy villagers — those at the south-east corner of the map -- have the worst
BMI, whereas the rich and generous have the best BMI, as shown by the observations in
the north-east corner of the contour map.

INSERT FIGURE 3 ABOUT HERE
So far we have seen that the better off who invest more in social capital than the village
norm have better BMI than the stingy affluent. Now we examine how village income
interacts with relative social capital and how BMI relates to that resulting interaction.
We want to examine whether the generous have better anthropometric indicators across
different levels of village income. The analysis corresponds to cell D in Table 1. The
analysis matters because it allows one to assess whether economic development or a rise

in average village income might abrade social capital, thereby perhaps harming health.

If we focus on relative social capital, particularly on people above the village norm of
generosity, we see that BMI declines at higher levels of village income, suggesting that
investments in social capital go with higher BMI, but that the returns decline at higher

levels of village income (Figure 4). Take, for instance, the most generous people. One
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can see in Figure 4 that as village income rises, BMI declines monotonically as one
moves from the right-most corner to the top or north, and the opposite occurs among the
misers; as village income rises, the less generous see their BMI improve, again,
monotonically. What Figure 4 highlights starkly is the likely effects of economic
development or growth in the level of village income on the pay-offs to social capital;
growth in village income seems to bring about a reversal in the pay-off to generosity.
Note also that even among people at the mean of relative social capital, or those with
scores of zero, improvements in village income are associated with a slight dip in BMI.
INSERT FIGURE 4 ABOUT HERE
This is an instance of drift toward rules enforced by the majority. When the village is
poor, richer individuals might be “forced” to give more, but when the village is rich, the
village might not support a poorer individual as much. Figure 4 suggest that richer
villages are more likely to support anti-social behavior (think of a move from the south-
east to the north-west in the north-west quarter and x-parallel move in the upper half), but
poor villages support pro-social behavior (think of a move from the south-west to the
north-east in the south-east quarter and x-parallel move in the lower half) when we
consider BMI as a reward. The finding buttresses the idea reviewed earlier that the
waning of social capital affects health and that investments in pro-social behavior in

poorer communities is associated with higher BMI.

Extensions and paths
We next explore why social capital might be associated with better BMI and consider two

paths for which we have information: consumption smoothing and mirth. To do so, we
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draw on a survey of 13 villages done in 2004 in which we asked adults or people over the
age of 16 to list all mishaps they had experienced during the month before the day of the
interview, and, for each mishap, to tell us how they had coped with the mishap. If social
capital gets activated in a prudential way to help people cope with misfortunes, then we
should see people reporting reliance on friends or kin outside the household to cope with
adverse events. In Table 2 we tabulate the answers Tsimane’ gave us about the way they

had coped with mishaps.

INSERT TABLE 2 ABOUT HERE

Contrary to what one might have expected, social capital in the form of help from family
or friends did not gain prominence after a misfortune. Only about 20% of people relied
on social safety nets (and only 11% would correspond to out-of-household social safety
nets that are accounted for by social capital as defined and used in our model here). The
results are not unique to the study of 2004; they also echo the results from an earlier
study with the same ethnic group over five consecutive quarters done during 1999-2000
in two villages with a total of about 60 households. In the study of 1999-2000 we found
that 82.08% of people experiencing a negative shock coped with the misfortune on their
own, without help from kith or kin (Godoy, Reyes-Garcia, Vadez, Leonard & Byron

2005).

Another possible path centers on the effect of social capital on mirth and, through mirth,
on body weight. Using the information from the survey of 2004, we explore whether
social capital might go with enhanced subjective well-being. We asked people to list up

to four events that had made them happy during the seven days before the day of the
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interview. In Table 3 we present the results of the tabulation. Close to a quarter
(24.27%) of the answers about what made people happy centered on the quality of their
social relations, so we find some evidence that social capital might contribute to
subjective well-being, but how about the link between subjective well-being and BMI?
INSERT TABLE 3 ABOUT HERE
In still another study done during 2003-2004 over five consecutive quarters with 329
women and 350 Tsimane’ men over 16 years of age in the same 13 villages as the study
of 2004, we found that people who displayed mirth through smiles, laughter, or both
during interviews lasting about two hours had 2.4%-5.4% higher BMI than somber
people who neither smiled nor laughed (Godoy, Huanca, Reyes-Garcia, Tanner, Leonard,
McDade & Vadez 2005). In research in progress we find that anhedonia is associated
with lower growth rates in BMI and that melancholy hurts nutritional status through
social capital. We show that melancholy at baseline or during the first quarter went hand
in hand with fewer expressions of generosity or pro-social behavior over the subsequent
four quarters. Sad people at baseline or during the first quarter engaged in one less
episode of communal labor or helping behavior toward other villagers at follow up during
the fifth quarter (t=1.79, p<0.07; mean=0.31, std dev = 0.57). In sum, the evidence
suggest that the association between social capital and BMI probably has more to do with
subjective well-being than with consumption smoothing. We do not have information on
time allocation to assess whether social capital affects BMI through reduced work load.
Nor do we have information on net exchanges of goods and services between households
to assess how social capital contributes to net food consumption. These two paths, time

allocation and exchanges, require attention in future empirical research.
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Conclusions

In this paper we have tried to make a methodological and empirical contribution to the
understanding of the links between income, social capital, and individual health. On the
methodological side we have shown the importance of: (a) focusing on individual
measures of income and social capital relative to the community norm, (b) estimating
interaction effects between community and relative measures of income and social
capital, and (c) showing results through easy-to-read contour plots that summarize the

relation between BMI and various pairs of explanatory variables.

On the substantive side, we find evidence that (a) village social capital and village
income complement each in going with better BMI, particularly among those at the
bottom of the income distribution, (b) the better-off who display generosity have higher
BMI than the better-off who do not display generosity, and (c) village income levels
might undermine individual incentives to invest in social capital. In short, relative
measures of income and social capital seem to be associated with improved nutritional

status even in a small-scale, face-to-face, highly autarkic pre-industrial society.

The idea that social capital is associated with better health in rural settings of developing
nations is not unique to this study. In a study of households in KwaZulu-Natal, South
Africa, Carter and Maluccio (Carter & Maluccio 2003) found that households that
participated more in community groups coped better with adverse economic shocks and,

so, had children with better height-for-age Z scores. They also found an interaction
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between individual and community income. A household that suffered a mishap fared

worse if it lived in a community experiencing a large mishap.

Standard explanations for why social capital might contribute to better health typically
point to the protective effect of social capital in the face of economic misfortunes, as in
the study of Carter and Maluccio, or as is in the case of the literature from social
epidemiology reviewed earlier. Among the Tsimane’ we found weak evidence that social
capital acts as insurance to protect health or that village income inequality hurts
anthropometric indices of nutritional status (Godoy, Reyes-Garcia, Vadez, Leonard,
Huanca & Bauchet 2005; Godoy, Byron, Reyes-Garcia, Vadez, Leonard, Apaza, Huanca
& Perez 2005). Rather, the protective effect of social capital on BMI probably gets
played out through more subtle channels having to do with mirth, absence of anhedonia,
and with a general sense of well-being. Expressions of pro-social behavior in small-
scale, pre-industrial societies get paid back with gifts and labor services that likely
produce net increases in consumption, possible reduced work load, and, in consequence,
better nutritional status. Much remains to be known about the paths by which social

capital — whether own, relative, or village — influence nutritional status.

We end with a suggestion for future research. Perhaps the single most important
conclusion to emerge from the study centers on the non-linear, complex interactions
between BMI and relative and village income and social capital. As noted, observational
studies, including this one, make it difficult to detect with precision how individual,

relative, and village income and social capital interact to shape nutritional status. The use
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of instrumental variables has been no panacea (Durlauf & Fafchamps 2005). A novel
approach to circumvent the hurdle would center in randomly changing both the level of
income and income inequality of communities by, for instance, making income transfer
to people in the bottom half of the income distribution. By varying at random both the
level of individual income and the income distribution of the community, one could
assess with more precision how individual and relative income might influence social
capital and individual health. The simple experiment would go a long way in helping to

move the debate toward denouement.
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Figure 1. Hypothesis 1: Relation between BMI, village social capital, and village income
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Figure 2. Hypothesis 2: Relation between BMI, village social capital, and relative

income
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Figure 3. Hypothesis 4: Relation between BMI, relative income, and relative social
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Figure 4. Relation between BMI, village income, and relative social capital
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Table 1. Interactions between village and relative measures of income and social capital:

Hypotheses and legend for name of variables (in italics) and figures

Income:

Village average

(village income)

Relative

(relative income)

Social capital:

Village average A B
(village social capital) Hypothesis 1 Hypothesis 2
Figure 1 Figure 2
Relative D C
(relative social capital) Hypothesis 3
Figure 4 Figure 3
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Table 2. Mechanisms of coping with misfortunes among Tsimane’ adults (16+ years of

age) in the Bolivian Amazon, 2004

Mechanism to cope with

shock: Frequency: Percent:
Did nothing 96 46.83
Social capital:
Family | 17 8.29
Outside family | 23 11.22
Total 40 19.51
Solved it by myself 24 11.71
Helped by missionaries 9 4.39
Helped by tribal 8 3.90
government
Asked for credit 4 1.95
Worked 4 1.95
Sold animals 2 0.98
Sold rice 1 0.49
Other 17 8.29
TOTAL 205 100.00
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Table 3. Self-reported reasons for feeling happy during the seven days before the day of

interview among Tsimane’ adults (16+ years of age), Bolivia, 2004

Reason: Frequency: Percent:
Social capital:

Enjoy company of non-kin 14 1.82

Enjoy company of kin 40 5.19

Visit relatives 6 0.78

Receive visits 52 6.75

Be with friends 7 0.91

Drink home-fermented drinks 31 4.02

(chicha)

Be in village festivities 30 3.89

Return of a relative 3 0.39

Share food with others 2 0.26

Receive gifts 1 0.13

Work with villagers 1 0.13

(Sub-total) | 187 (24.27)
Other 584 75.77
TOTAL 771 100.00
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