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ABSTRACT Researchers have hypothesized that the
degree to which an individual’s actual behavior approxi-
mates the culturally valued lifestyle encoded in the
dominant cultural model has consequences for physical
and mental health. We contribute to this line of
research by analyzing data from a longitudinal study
composed of five annual surveys (2002—2006 inclusive)
from 791 adults in one society of foragers—farmers in
the Bolivian Amazon, the Tsimane’. We estimate the
association between a standard measure of individual
achievement of the cultural model, cultural consonance,
and three indicators of body morphology. Drawing on
research suggesting that in societies in the early stages
of economic development an increase in socioeconomic
status is associated with an increase in mean body

Since the 1960s, a large and growing body of research
has suggested that cultural context matters in under-
standing the physical and mental health consequences of
exposure to social stressors (Cassel et al., 1960; Henry
and Cassel, 1969). One of the most intensively studied
social stressors is culture change associated with migra-
tion (Janes, 1990) or with integration to the global mar-
ket economy (Chin-Hong and McGarvey, 1996; Steele
et al., 1998; McGarvey, 1999; Dressler and Bindon, 2000;
McDade et al., 2000; McDade, 2001, 2002; Sapolsky,
2004). Researchers have found associations between
stress generated by culture change and several mental
and physical health outcomes, including blood pressure,
depressive symptoms (Bindon et al.,, 1997; McGarvey,
1999; Diener et al., 2003), immune function (McDade,
2002), and nutritional status and body composition
(Dressler et al., 2004, 2008b; Bindon, 2007).

Dressler’s concept of cultural consonance formalizes
the intuition that adequate measurement of social stres-
sors must take into account the culturally defined mean-
ing of potentially stressful experiences. Dressler et al.
define cultural consonance in lifestyle as the degree to
which individuals in their own beliefs and behaviors
approximate the culturally valued lifestyle encoded in
the dominant cultural model (Dressler and Bindon,
2000; Dressler et al., 2005, 2007). Cultural consonance is
operationalized and measured at the individual level and
then used as a predictor of physical and mental health
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mass, we expect to find a positive association between
cultural consonance and three anthropometric measures.
We found the expected positive association between cul-
tural consonance and anthropometric measures—espe-
cially for men—only when using ordinary least square
(OLS) regression models, but not when using fixed-effects
regression models. The real magnitude of the association
was low. The comparison of estimates from OLS and
fixed-effect regression models suggests that previous
findings on the effects of cultural consonance on body
morphology using cross-sectional data should be read
with caution because the association might be largely
explained by fixed characteristics of individuals not
accounted in OLS models. Am J Phys Anthropol 000:000—
000, 2010.  ©2010 Wiley-Liss, Inc.

outcomes. For example, in research in urban Brazil
analyzing the association between cultural consonance
in lifestyle and adult body morphology, Dressler et al.
(2008) found that higher cultural consonance in lifestyle
was associated with lower weight and smaller waist size
and body mass index (BMI). The finding is consistent
with the observation that in contemporary Western soci-
eties there is an inverse association between socioeco-
nomic status and adult body mass (Brown and Konner,
1987; Messer, 1989; Gremillion, 2005). Dressler et al.
(2008) interpret their results as evidence that culture lit-
erally becomes embodied: body mass and composition
may be indicators of an individual’s adherence to cul-
tural norms and expectations for how to live.

Grant sponsor: Cultural and Physical Anthropology Programs,
National Science Foundation (USA).

*Correspondence to: Victoria Reyes-Garcia, ICREA Research Pro-
fessor, Institut de Ciéncia i Tecnologia Ambientals, Universitat
Autonoma de Barcelona, 08193 Bellatera, Barcelona, Spain.

E-mail: victoria.reyes@uab.cat

Received 3 August 2009; accepted 16 February 2010

DOI 10.1002/ajpa.21303
Published online in Wiley InterScience
(www.interscience.wiley.com).



2 V. REYES-GARCIA ET AL.

Although suggestive, an important limitation of this
research—as with most research on culture change,
stress, and health—is that it is cross sectional in design.
Cross-sectional studies are potentially problematic
because a) culture change, by definition, occurs over
time and b) cross-sectional estimates of cultural conso-
nance and other measures of stress exposure may be bi-
ased by fixed attributes of individuals that might influ-
ence both adherence to cultural norms and response to
stressors. Failure to control for individual traits that
remain stable over time would bias the estimated effects
of cultural consonance on health outcomes.

In this article, we contribute to literature on the
health consequences of culture change by examining the
association between cultural consonance in lifestyle and
adult body morphology using 5 years of panel data col-
lected among the Tsimane’, a society of foragers—farmers
in the Bolivian Amazon in the early stages of articula-
tion with the market economy. Five years of panel data,
or repeated measures of the same individual over time,
do not allow us to address the first limitation just notice,
that is, the diachronic measure of cultural change,
because 5 years are a relatively short period of time to
measure a process that most likely occurs over genera-
tions. However, panel data allow us to overcome the sec-
ond limitation, that is, the bias generated by individual-
fixed attributes. In the balance of the article, we com-
pare estimates from ordinary least squares (OLS) linear
regressions, the approach used in previous studies of cul-
tural consonance and health, with estimates from indi-
vidual fixed-effects multivariate linear regressions, an
approach that allows us to remove biases from fixed
attributes of the individual. The comparison of both esti-
mates should provide a deeper understanding of the
potentially causal association between cultural conso-
nance and body morphology.

MATERIALS AND METHODS
Site

The study was conducted with the Tsimane’, a society
of foragers—farmers in the Department of Beni, in the
Bolivian Amazon. Relatively isolated until the mid-20th
century, the Tsimane’ started to engage in more frequent
and prolonged contact with Westerners after the arrival
of Protestant missionaries in the late 1940s and early
1950s (Huanca, 2008). Nowadays, Tsimane’ continue to
live in small villages of ~20 households closely linked by
ties of blood and marriage and follow their traditional
forms of social organization (e.g., cross-cousin marriage).
Although some Tsimane’ continue to be highly autarkic
and practice hunting, plant collection, and slash-and-
burn agriculture for subsistence (Vadez et al., 2004), ex-
posure to the market economy and Westerners have pro-
duced changes in Tsimane’ economy, society, and life-
style. For example, cash cropping and wage labor are
becoming increasingly important economic activities for
Tsimane’ households (Vadez et al., 2008), who use their
cash income to obtain consumption goods (Godoy et al.,
2007).

Sample

Data for these analyses were collected annually during
June—September from 2002 to 2006 (inclusive) among all
adults in 13 Tsimane’ villages differing in their proxim-
ity to San Borja, the only town along the Maniqui river.
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The sample contains 399 females and 392 males over the
age of 18 with complete data for at least 2 survey years.
We included only individuals over 18 years of age
because body composition is more stable after that age.
Pregnant women were excluded from the analysis.

Explanatory variable: Cultural consonance

We have described in detail elsewhere the method
used to measure cultural consonance in lifestyle (Reyes-
Garecia et al., 2010), so here we provide a shorter descrip-
tion. Following prior applications (Dressler and Bindon,
2000), we measured cultural consonance through a four-
step process.

First, we conducted exploratory ethnographic research
to get an emic understanding of how the Tsimane’ con-
ceive the cultural domain of “lifestyle.” Specifically, we
used free listing (n = 35) to elicit a range of items in the
cultural domain of lifestyle or items that Tsimane’ asso-
ciate with a “good life” (Dressler and Bindon, 2000). The
most frequently listed items included behaviors associ-
ated with the traditional way of life for the Tsimane’,
such as spending time with close family, having a good
agricultural plot, having good food, succeeding in hunt-
ing and fishing, enjoying good health, visiting, and being
visited. Tsimane’ also mentioned some behaviors associ-
ated with a more market-oriented way of life, such as
acquiring commercial goods (Reyes-Garcia et al., 2010).
We used our ethnographic understanding to select a
range of material items. The list of material items
included items traditionally owned by the Tsimane’ (i.e.,
machetes, cooking pots), items of recent introduction but
related to Tsimane’ subsistence activities (i.e., shotgun,
fishing net), and items related to a nontraditional life-
style (i.e., radio).

The second step consisted of a confirmatory ethno-
graphic phase to test whether there was sufficient inter-
informant agreement (i.e., cultural consensus) to infer
that there is a shared Tsimane’ cultural model for what
is means to have a “good life.” We asked informants (n =
42) from four villages with different levels of market ex-
posure to rate the lifestyle items identified above on a
scale of “not important at all” (coded as 1), “a little” (2),
or “very important” (3). To evaluate whether there was a
shared cultural model regarding the importance of these
14 items, we used the formal consensus model in the
software ANTHROPAC 4.02 (Analytic Technologies,
Natick, MA). Results show evidence of sufficient agree-
ment to assume that all informants in the sample were
drawing on the same repository of cultural knowledge
(Romney et al., 1986). In particular, the first factor
explained about 78% of the variance and was more than
six times larger than the second. The mean estimate of
cultural knowledge was moderately high (0.70 = 0.17),
and there were no negative knowledge scores. We then
used the factor loading of each informant on the first fac-
tor (the cultural knowledge score) to calculate a
weighted average of the ratings for each of the 14 items
in our list. This procedure created an estimate of the cul-
turally appropriate responses to our questions about the
relative importance of 14 items for living a “good life”
among the Tsimane’.

The third step consisted of a survey phase (conducted
each year from 2002 to 2006) in which we measured the
occurrence of behaviors and the ownership of items in
the list derived from step two. For example, we asked
respondents “during the last 7 days, have you spent time



CULTURAL CONSONANCE AND BODY MORPHOLOGY 3

with your close family?” or “How many machetes do you
own?” We coded survey questions as binary variables,
with 1 indicating the presence of a behavior or item and
0 indicating its absence.

Last, our individual-level measure of cultural conso-
nance consisted of the sum of individual responses to
each of the items on the list, calculated separately for
each year of the panel. Presence/absence responses were
weighted by the cultural saliency of each item or behav-
ior, as determined from the culturally appropriate rat-
ings produced by consensus analysis in the confirmatory
ethnographic phase. Responses resulted in a quantita-
tive assessment of cultural consonance at the individual
level, with higher values indicating higher levels of ad-
herence to local norms and expectations (Dressler et al.,
1998; Dressler and Bindon, 2000).

Outcome variables

Each year, we took anthropometric measurements of
all adults in the sample. Measures were taken no later
than 1 week after completing surveys from which the
measure of cultural consonance was derived. Anthropo-
metric measurements were taken according to standard
protocols (Lohman et al., 1988). We measured partici-
pants in light clothing without shoes or hats. Waist cir-
cumference was assessed by placing a tape measure
around the abdomen at the level of the iliac crest. We
measured body weight to the nearest 0.20 kg using a
Tanita Digital standing scale. We recorded stature
(standing height) to the nearest millimeter using a port-
able stadiometer. BMI was calculated as weight in kg/
stature in m?.

Control variables

Control variables included individual- and household-
level variables. Individual-level variables included the
person’s age measured in years, maximum school
attainment, stature (except for regressions using BMI
as outcome), and number of days the person drank
home-fermented beer during the week before the inter-
view (a proxy for individual caloric intake). Control var-
iables at the household level included household income
(amount of cash earned by members of the household
through sale, barter, or wage labor during the 2 weeks
previous to the interview), household wealth (measured
by the monetary value of traditional and modern physi-
cal assets owned by the household), household size
(total number of people living in the household at the
time of the interview), and household caloric intake
(proxied by kilograms of plantains, the Tsimane’ main
staple, consumed by the household the week before the
interview). Control variables also include a set of
dummy variables for community of residency and for
year of the survey.

Estimation strategy

Drawing on evidence that mean body size increases
with socioeconomic status in many societies in the early
stages of economic development (Brown and Konner,
1987; Bindon, 1995; Gremillion, 2005), we expected to
find a positive association between adherence to the pre-
vailing cultural model of lifestyle, or cultural conso-
nance, and measures of body size and proportionality.
We used the following linear panel approximation to

estimate the association between cultural consonance in
lifestyle and three anthropometric measures (waist cir-
cumference, weight, and BMI):

In Yihyt = o + yIn CCipyg + nChvi + BV + ent.- (1)

In Eq. (1), In Y stands for the natural logarithm (here-
after log) of one of the three anthropometric measures of
person i in household % in village v at time (or year) ¢.
Our explanatory variable is InCC, or the log of the an-
nual cultural consonance of person i. We transformed
outcomes and explanatory variables to logs to ease the
interpretation of coefficients; when explanatory and out-
come variables are in logarithms, we can read the coeffi-
cients as elasticity, or a percent increase. C includes con-
trol variables measured at the individual (i.e., age,
schooling, and stature) and household level (e.g., con-
sumption of home-brewed beer, household income and
wealth, household size, and household staple consump-
tion), which might change across years and affect an-
thropometric measures and cultural consonance. V
includes a full set of 12 dummy variables for villages (n
= 13 — 1 = 12) to control for attributes of villages that
remain fixed during 2002-2006 but that might affect an-
thropometric measures and cultural consonance. For
example, some villages are closer to market towns than
others. Proximity to market towns could affect both cul-
tural consonance and the body size and composition of
participants (e.g., through access to different foods). We
also used a full set of dummy variables for year of data
collection.

We ran three separate regressions with each of the an-
thropometric measures as an outcome variable, but
included the same explanatory variables in all three
regressions. Because our outcomes are anthropometric
measures, we conducted the analysis separately for men
and women. To allow comparison with results from pre-
vious research, we first estimated the parameters of
expression [1] using OLS multivariate linear regression,
the estimation strategy previously used in similar
research (Dressler et al., 2008). As we have repeated
measures for each individual, we used clustering by indi-
vidual and robust standard errors. In our second estima-
tion strategy, we used individual fixed-effect panel linear
regressions. The use of individual fixed-effect panel
regression allows us to remove from our estimates the
effect of attributes of the person that remained fixed dur-
ing the study period. For example, some people might
have been more concerned about their weight and about
conforming to social norms, a fixed-effect regression
allows us to remove such fix characteristics. For the sta-
tistical analysis, we used Stata for Windows, 9.0 (Stata
Corporation, College Station, TX).

RESULTS

Table 1 shows the descriptive statistics for variables
included in the analysis. Over the 5 years of research,
the average male in the sample had a cultural conso-
nance score of 11.40, slightly higher than the cultural
consonance of the average female (mean = 7.67). We
found low variation in both samples (SD = 3.55, min =
1.72, max = 22.93 for the sample of men, and SD =
3.25, min = 1.6, max = 19.22 for the sample of women).
To examine the consistency of cultural consonance across
years, we ran a series of Pearson correlations between
the individual measures of cultural consonance for each
year. We found a high (» > 0.5) and statistically signifi-
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TABLE 1. Definition and summary statistics of variables measured annually and used in the regressions

Men Women
Variable Definition N Mean SD N Mean SD
I. Explanatory variable (in regressions entered in natural logarithms)
Cultural consonance Degree to which individuals in their 1,208 11.4 3.55 1,244 7.67 3.25
own beliefs and behaviors approximate
shared cultural models
II. Outcome variables (in regressions entered in natural logarithms)
Waist circumference Cms around the abdomen at the level of 1,033  83.33 6.78 816  84.32 8.71
the iliac crest
Weight Kilograms 1,035  62.37 7.26 816  53.86 8.04
BMI Body mass index (kg/m?) 1,034  23.56 2.27 816  23.59 3.08
III. Control variables
Individual level
Age Age of participant (years) 1,208 36.28 1740 1,244 3540 17.61
Schooling Maximum school grade achieved by 1,146 2.58 2.69 1,196 1.29 1.54
participant
Home-fermented beer Number of days the person drank 1,205 0.56 0.79 1,242 0.34 0.65
home-fermented beer during the
week before the interview
Household level
N Mean SD
Household income Monetary income from sale, barter, and 1,230 260.71 405.01
wage labor, in Bolivianos
Household wealth Monetary value of a basket of traditional 1,212 3138.41 2387.45
and modern physical assets owned by
the household, in Bolivianos
Household size Number of people in the household 1,230 6.26 2.86
Household plantain consumption  Kilograms of plantains consumed by the 1,212 49.84 28.98

household the week before the

interview

Cells contain the aggregate of the research period (2002—2006, inclusive).

cant correlation (P < 0.0001) between measures of cul-
tural consonance for the same individual taken in differ-
ent years. Cultural consonance score did not change sig-
nificantly across years of the survey for the sample of
males (P = 0.5), but the passage of a year increased
female’s cultural consonance score by 2.6% (P = 0.06).
Thus, our measure of cultural consonance displays rela-
tively low variation across individuals, interpersonal
consistency across years, and no significant change over
the study period for the male sample, and a slight
improvement for the female sample.

Tsimane’ in our sample fall in the normal range of
BMI. The average male had a BMI of 23.56 (SD = 2.27),
whereas the average female had a BMI of 23.59 (Table
1), both within the normal or healthy range of BMI
(Shetty and James, 1994). We examined the association
among the three anthropometric measures and found
that they were associated in a positive and statistically
significant way (r = 0.75, P < 0.0001 for BMI and waist
circumference; r = 0.89, P < 0.0001 for BMI and
weight). We observed an increase in two of our anthropo-
metric measures over the duration of the study. Weight
increased by 0.8%/year for the female sample and by
0.5%/year for the sample of men, whereas BMI increased
by 0.6 and 0.5%/year (P < 0.001 in all cases). In con-
trast, waist circumference decreased among women and
did not change significantly among men in our sample.

Tables 2 and 3 show the results of the multivariate
regressions of cultural consonance in lifestyle (explana-
tory variable) and the three anthropometric measures
for the sample of males and females. When using OLS
multivariate regressions with the sample of men (Table
2, columns [a], [c], and [f]), we find the expected positive
association between cultural consonance in lifestyle and

American Journal of Physical Anthropology

measures of body size and composition. However, the
real effect of the association is low. A 1% increase in the
measure of cultural consonance is associated with about
a 0.017% increase in men’s waist circumference (P =
0.05), 0.025% increase in men’s weight (P = 0.04), and
0.026% increase in men’s BMI (P = 0.03). The associa-
tion implies, for example, that a 10% increase in the
measure of cultural consonance would result in an
increase in men’s BMI of ~ 0.26%. Additionally, we
found that schooling bears a positive and statistically
significant association with two of the three outcomes
measured (weight and BMI). Household income and
household wealth are associated in a positive way with
our measures of body morphology, but the coefficient of
the association is low in real terms and insignificant in
statistical terms.

We also found a positive association between cultural
consonance in lifestyle and our three measures of body
composition for the sample of women (Table 3, columns
[al, [c], and [f]). However, the magnitude of the associa-
tions for the sample of women is lower than for the sam-
ple of men and statistically significant only when using
waist circumference as the outcome variable. Specifically,
a 1% increase in the measure of cultural consonance is
associated with a 0.016% increase in women’s waist cir-
cumference (P = 0.05). Schooling had a negative and
statistically significant (P = 0.05) association with wom-
en’s waist circumference but not with weight or BMI.
The other two indicators of socioeconomic status, house-
hold income and household wealth, were not significant
predictors of body morphology.

Columns [b], [d], and [f] show results of the individual
fixed-effects regressions for the sample of men (Table 2)
and women (Table 3). Once we control for fixed attrib-
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utes of the individual, evidence for the associations
between cultural consonance in lifestyle and body mor-
phology becomes insignificant in both real and statisti-
cal terms. The lack of significant and meaningful asso-
ciation is consistent for the three measures of body
composition both for the sample of men and for the
sample of women. Among the three indicators of socioe-
conomic status used as control, only household wealth
bears a positive and statistically significant association
with the three outcomes measured, and then only for
the sample of women.

Table 4 presents the results of sensitivity analysis to
test the robustness of our findings. Regressions in Ta-
ble 4 resemble those in Table 2 (for men) and Table 3
(for women) except for changes market on the first col-
umn. In our first sensitivity analysis, we used raw data
(rows [2]). For the results presented in Tables 2 and 3,
we used log-transformed outcomes and explanatory
variables to ease the interpretation of coefficients. Pre-
vious work on cultural consonance has not used such
transformations. Therefore, we recomputed the regres-
sions using raw rather than log-transformed data to
test the robustness of our findings. We found essen-
tially the same results with one exception. When using
raw rather than log-transformed data, we found a stat-
istically significant association between waist circum-
ference and cultural consonance in the fixed-effect
model (P = 0.02). This association was not evident
using log-transformed data (P = 0.14).

In rows [3] to [6] (Table 4), we used different defini-
tions of cultural consonance with log transformed (rows
[3] and [5]) and raw (rows [4] and [6]) data. In rows [3]
and [4], we used a definition of cultural consonance
that only includes items from the cultural domain of
material lifestyle (versus the cultural domain of life-
style defined in emic terms used in rows [1] and [2]).
We did so because previous research in the topic has
focused on material lifestyle (Dressler and Bindon,
2000), and it is possible that items belonging to this do-
main might have different patterns of associations with
body morphology. In rows [5] and [6], we used a more
stringent definition of cultural consonance and only
included items that exceeded a weighted average of 2.0
(Dressler and Bindon, 2000). The definition provides a
very minimalist interpretation of lifestyle, since only
includes five items (far fewer than in other studies),
but presents a more coherent set of items belonging to
a cultural domain. Two findings stand out. First,
results using cultural consonance in material lifestyle
resemble results from the core mode both when using
raw and log-transformed data. Again the only differ-
ence is the statistically significant association between
waist circumference and cultural consonance for the
sample of women. Second, none of the regressions
using the stringent definition of cultural consonance on
material lifestyle is statistically significant. We return
to the significance of those findings in the discussion.

DISCUSSION

In this article, we have examined the association
between cultural consonance in lifestyle and adult body
morphology using panel data from a society of forag-
ers—farmers in the Bolivian Amazon in the early stages
of integration with the surrounding market economy.
Drawing on previous evidence that mean body size
increases with socioeconomic status in societies in the
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TABLE 4. Robustness analysis: OLS and individual fixed-effect linear regressions of cultural consonance and measures of adult body morphology

BML, log

Weight, log

Waist circumference, log

Changes

Men

[f]
Fixed effects

[b] [c] [d] [e]
OLS Fixed effects OLS

Fixed effects

[a]

OLS

V. REYES-GARCIA ET AL.

0.004 (0.005)
0.004 (0.012)
0.006 (0.005)
0.012 (0.014)
0.001 (0.005)
0.016 (0.024)

0.026%* (0.012)

0.002 (0.005)
—0.007 (0.030)

0.025%* (0.012)

0.009 (0.006)
0.044 (0.046)
0.002 (0.006)
0.023 (0.056)
—0.006 (0.006)
—0.014 (0.094)

0.017% (0.009)
0.120* (0.075)
0.15% (0.008)
0.016% (0.083)
0.012 (0.009)
0.156 (0.157)

Cultural consonance in lifestyle, log

[1]
(2]
(3]
(4]
(5]
(6]

0.050* (0.029)
0.026%* (0.011)
0.074** (0.033)

0.127* (0.075)
0.25%*% (0.011)
0.185%* (0.087)

Cultural consonance in lifestyle, raw data

0.005 (0.005)

Cultural consonance in material lifestyle, log

0.011 (0.035)
—0.002 (0.005)

Cultural consonance in material lifestyle, raw data

0.014 (0.013)
0.056 (0.063)

0.014 (0.013)
0.134 (0.164)

Cultural consonance with items with high consensus, log

0.007 (0.061)

Cultural consonance with items with high consensus, raw data

‘Women

Fixed effects OLS Fixed effects OLS Fixed effects

OLS

0.001 (0.005)
0.019 (0.019)
0.003 (0.005)

0.011 (0.011)
0.047 (0.044)
0.007 (0.012)
0.045 (0.053)
0.005 (0.013)
0.030 (0.068)

—0.00003 (0.005)

0.011 (0.011)
0.121 (0.099)
0.007 (0.012)
0.125 (0.124)
0.006 (0.013)
0.092 (0.155)

0.010 (0.006)
0.202%* (0.087)

0.016** (0.008)
0.287%* (0.117)

[1]
[2]
(3]

Cultural consonance in lifestyle, log

0.010 (0.038)
0.001 (0.004)
—0.003 (0.047)
—0.002 (0.005)
—0.029 (0.058)

Cultural consonance in lifestyle, raw data

0.012* (0.006)
0.170* (0.106)

0.016* (0.009)
0.292%* (0.142)

Cultural consonance in material lifestyle, log

0.022 (0.023)
—0.001 (0.005)

Cultural consonance in material lifestyle, raw data

[4]
[5]
(6]

0.011 (0.008)
0.194 (0.133)

0.011 (0.010)
0.249 (0.182)

Cultural consonance with items with high consensus, log

0.002 (0.029)

Cultural consonance with items with high consensus, raw data

Regressions resemble those in Table 2 (for men) and Table 3 (women) except for changes noted on the column “Changes.” Regressions include the same controls than in Table 2, a

full set of dummy variables for villages and years, and a constant (not shown). Standard errors in brackets. ***, ** and * significant at <10, 5, and 1%, respectively.
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early stages of economic development (Brown and Kon-
ner, 1987; Bindon, 1995; Gremillion, 2005), we expected
to find a positive association between adherence to the
cultural model, or cultural consonance, and measures of
body morphology. Four main findings emerge from the
work presented here. First, Tsimane’ understanding of
the categories that constitute their lifestyle differs from
categories used in previous research. Second, once we
take into account cultural consonance, measures of socio-
economic status are not associated with measures of
body morphology among the Tsimane’. Third, we found
the expected positive association between cultural conso-
nance and anthropometric measures mostly for the sam-
ple of men. The association was low in real terms. Last,
the association found mostly held when using OLS
regression models, but not when using fixed-effects
regression models. We organize the discussion around
those four findings.

Our first finding relates to the construction of the
index of cultural consonance in lifestyle. We used an
emic perspective to define Tsimane’ understanding of
lifestyle. Our data suggest that the analytic distinction
between material lifestyle and social relations does not
apply well to how Tsimane’ see the world. When asked
to list items associated with a “good life,” Tsimane’ men-
tioned items that previous research has integrated in
two different analytic categories: “material” and “social”
lifestyle. Thus, Tsimane’ own definition of lifestyle limits
the possibility to test whether the expected association
with body morphology follows the patterns found in pre-
vious research. Previous research in the topic has
focused in “material” lifestyle (Dressler and Bindon,
2000). In our robustness analysis, we test the idea that
consonance in material—but not social—lifestyle has a
strong association with body morphology. The results,
however, should be taken with caution because those
definitions present an etic understanding of what repre-
sents a “good life” for the Tsimane’. In sum, differences
between previously used and Tsimane’ own definition of
the cultural domain of lifestyle hamper our ability to
directly compare our findings with previous findings.

Keeping this methodological caveat in mind, we center
the rest of the discussion on three substantive findings
from our core model. Previous researchers have proposed
that, for societies in the earliest stages of economic de-
velopment, socioeconomic status is directly associated
with body mass because people with high socioeconomic
status have ample access to food resources without the
associated energy expenditure of heavy physical labor
(Brown and Konner, 1987; Bindon, 1995; Gremillion,
2005). Apparently, this pattern does not hold for the Tsi-
mane’. In our OLS estimation models and mainly for the
sample of men, we found that cultural consonance is
generally associated positively with body morphology,
but none the standard indicators of socioeconomic status
has a meaningful association with body morphology. A
potential explanation for the lack of association is that,
as reported for other societies (Ezeamama Amara et al.,
2006), insufficient variability in socioeconomic status in
the sample and the relatively limited opportunity for
upward mobility among the Tsimane’ (Godoy et al., in
press) attenuate the association between socioeconomic
status and fatness. This argument is especially helpful
in explaining why for the sample of women none of the
standard measures of socioeconomic status, including
cultural consonance, is consistently associated with body
morphology.

Our third important finding relates to the low real
magnitude of the association found for the sample of
men. For example, our data suggest that a 10% increase
in cultural consonance is associated to a 0.16% increase
in waist circumference. One would have to double cul-
tural consonance (an unlikely event due to the low varia-
tion in this measure) to observe a not so large 1.7%
increase in waist circumference. Thus, although the
association is significant in statistical terms, its real
magnitude is low.

Our last important finding relates to the contradictory
findings in OLS and fixed-effect models regarding the ex-
pectation that cultural consonance will be associated to
anthropometric measures. Remember that the associa-
tion discussed before mostly holds for estimations using
OLS models and only holds for estimations using fixed
effects with the raw data for the sample of women. What
accounts for the difference? As explained before, an indi-
vidual fixed-effect model removes the confounding role of
all time-invariant attributes that might bias results of
an OLS estimate. Results from our fixed-effect regres-
sion suggest that there is no association between cul-
tural consonance and body morphology after conditioning
for fixed attributes of the individual. What invariable
characteristics of the individual might be associated both
with an individual’s desire and ability to converge with
the norm and with her body morphology? Potential can-
didates are genes and stable personality traits. For
example, some stable personality traits might contribute
to both a person’s desire to converge to the group cul-
tural norms and also influence her decisions about exer-
cise and diet and—through these paths—affect body
composition. It is also possible that the effect of cultural
consonance on body morphology was established in child-
hood or adolescence (for example by associating a given
lifestyle with a given body morphology) and thus it is
“fixed” for the purpose of our estimations.

The previous explanation, however, leaves unanswered
the apparent association between cultural consonance
and waist circumference for the sample of women when
using fixed-effects models. We do not have a clear expla-
nation for this finding other than waist circumference
for women—more than the other two anthropometric
measures—might be explained by the number of preg-
nancies and the proximity of those to the time of mea-
surement. As we did not have information to control for
those factors, the association found might be bias for the
role of those omitted third variables.

In sum, overall our findings do not provide enough
support to the idea that, among the Tsimane’, adherence
to the cultural model, or cultural consonance, is associ-
ated in a positive and meaningful real way to measures
of body morphology. When we found such association
(i.e., mostly for the sample of men and mostly using OLS
estimations) the magnitude was low. Furthermore, our
fixed-effect estimations suggest that results from OLS
estimations inflate both the level of statistical signifi-
cance and the magnitude of the parameters estimated by
omitting individual fixed attributes that affect both the
explanatory and the outcome variables measured. The
comparison of estimates from OLS and fixed-effect
regressions suggests that previous findings on the effects
of cultural consonance on body morphology and other
health outcomes using cross-sectional data should be
read with caution, because the association might vanish
once one takes into account fixed characteristics of indi-
viduals.

American Journal of Physical Anthropology



8 V. REYES-GARCIA ET AL.

ACKNOWLEDGMENTS

The Great Tsimane’ Council approved the study. The
authors obtained assent from study participants before
enrollment in the study. They thank R. Godoy, two anon-
ymous reviewers, and the editorial board of AJPA for
comments to a previous version of the article. Dr. Reyes-
Garcia thanks ICRISAT-Patancheru for providing office
facilities.

LITERATURE CITED

Bindon J. 1995. Polynesian responses to modernization: over-
weight and obesity in the South Pacific. In: de Garine I, Pol-
lock N, editors. Social aspects of obesity. Amsterdam: Gordon
and Breach. p 227-252.

Bindon J. 2007. Biocultural linkages—cultural consensus, cul-
tural consonance, and human biological research. Coll Anthro-
pol 31:3-10.

Bindon JR, Knight A, Dressler WW, Crews DE. 1997. Social
context and psychosocial influences on blood pressure among
American Samoans. Am J Phys Anthropol 103:7-18.

Brown P, Konner M. 1987. An anthropological perspective on
obesity. Ann N Y Acad Sci 499:29-46.

Cassel JC, Patrick R, Jenkins D. 1960. Epidemiological analysis
of the health consequences of culture change. Ann N Y Acad
Sci 84:938-949.

Chin-Hong PV, McGarvey T. 1996. Lifestyle incongruity and adult
blood pressure in western Samoa. Psychosom Med 58:130-137.

Diener E, Oishi S, Lucas R. 2003. Personality, culture, and sub-
jective well-being: emotional and cognitive evaluations of life.
Annu Rev Psychol 54:403-425.

Dressler WW, Balieiro MC, Ribeiro RP, dos Santos JE. 2005.
Cultural consonance and arterial blood pressure in urban
Brazil. Soc Sci Med 61:527-540.

Dressler WW, Balleiro MC, Ribeiro RP, dos Santos JE. 2007. A
prospective study of cultural consonance and depressive
symptoms in urban Brazil. Soc Sci Med 65:2058-2069.

Dressler WW, Bindon JR. 2000. The health consequences of cul-
tural consonance: cultural dimensions of lifestyle, social sup-
port, and arterial blood pressure in an African American com-
munity. Am Anthropol 102:244-260.

Dressler WW, Bindon JR, Neggers YH. 1998. Culture, socioeco-
nomic status, and coronary heart disease risk factors in an
African American community. J Behav Med 21:527-544.

Dressler WW, Oths KS, Ribeiro RP, Balieiro MC, dos Santos JE.
2008. Cultural consonance and adult body composition in
urban Brazil. Am J Hum Biol 20:15-22.

Dressler WW, Ribeiro RP, Balieiro MC, Oths KS, dos Santos JE.
2004. Eating, drinking and being depressed: the social, cul-
tural and psychological context of alcohol consumption and
nutrition in a Brazilian community. Soc Sci Med 59:709-720.

Ezeamama Amara E, Viali S, Tuitele J, McGarvey ST. 2006.
The influence of socioeconomic factors on cardiovascular dis-
ease risk factors in the context of economic development in
the Samoan archipelago. Soc Sci Med 63:2533—-2545.

Godoy R, Nyberg C, Goodman E, Eisenberg DTA, Magvanjav O,
Reyes-Garcia V, Huanca T, Leonard WR, McDade TW, Tanner
S, Vadez V. 2009. Individual wealth rank, community wealth

American Journal of Physical Anthropology

inequality, and self-reported adult poor health: a test of
hypotheses with panel data (2002-2006) from native Amazo-
nians, Bolivia. Med Anthropol Q, in press.

Godoy RA, Reyes-Garcia V, Huanca T, Leonard WR, McDade
TW, Tanner S, Vadez V. 2007. Signaling by consumption in a
native Amazonian society. Evol Hum Behav 28:124-134.

Gremillion H. 2005. The cultural politics of body size. Annu Rev
Anthropol 34:13-32.

Henry JP, Cassel JC. 1969. Psychosocial factors in essential
hypertension: recent epidemiologic and animal experimental
evidence. Am J Epidemiol 90:171-200.

Huanca T. 2008. Tsimane’ oral tradition, landscape, and identity
in tropical forest. La Paz: Imprenta Wagui.

Janes CR. 1990. Migration, social change and health. Stanford,
CA: Stanford University Press.

Lohman TG, Roche AF, Martorell R. 1988. Anthropometric
standardization reference manual (abridged edition). Windsor,
Ontario: Human Kinetics Publishers.

McDade TW. 2001. Lifestyle incongruity, social integration, and
immune function in Samoan adolescents. Soc Sci Med 53:
1351-1362.

McDade TW. 2002. Status incongruity in Samoan youth: a bio-
cultural analysis of culture change, stress, and immune func-
tion. Med Anthropol Q 16:123-150.

McDade TW, Stallings JF, Worthman CM. 2000. Culture change
and stress in Western Samoan youth: methodological issues
in the cross-cultural study of stress and immune function. Am
J Hum Biol 12:792-802.

McGarvey ST. 1999. Modernization, psychosocial factors, insu-
lin, and cardiovascular health. In: Panter-Brick C, Worthman
CM, editors. Hormones, health and behavior. Cambridge:
Cambridge University Press. p 244-280.

Messer E. 1989. Seasonality in food systems: an anthropological
perspective on household food security. In: Sahn DE, editor.
Seasonal variability in Third World agriculture. Baltimore:
Johns Hopkins University Press. p 151-175.

Romney AK, Weller S, Batchelder W. 1986. Culture as consen-
sus: A theory of culture and informant accuracy. Ann Anthrop
88:313-338.

Reyes-Garcia V, Gravlee CC, McDade TW, Huanca T, Leonard
WR, Tanner S. 2010. Cultural consonance and psychological
well-being. Estimates with longitudinal data from an Amazo-
nian society. Cult Med Psychiatry 34:186—-203.

Sapolsky RM. 2004. Social status and health in humans and
other animals. Annu Rev Anthropol 33:393-418.

Shetty P, James W. 1994. Body mass index: a measure of
chronic energy deficiency in adults. Rome: FAO Food and
Nutrition Papers.

Steele MS, McGarvey ST, Bereiter DA. 1998. Urinary catechol-
amine excretion and lifestyle incongruity in Western Samoan
adults. Am J Hum Biol 10:135-136.

Vadez V, Reyes-Garcia V, Godoy RA, Apaza VL, Byron E,
Huanca T, Leonard WR, Perez E, Wilkie D. 2004. Does inte-
gration to the market threaten agricultural diversity? Panel
and cross-sectional data from a horticultural-foraging society
in the Bolivian Amazon. Hum Ecol 32:635-646.

Vadez V, Reyes-Garcia V, Huanca T, Leonard WR. 2008. Cash
cropping, farm technologies, and deforestation: what are the
connections? A model with empirical data from the Bolivian
Amazon. Hum Org 67:384-396.



