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Traditional Versus Agricultural Lifestyle Among Shuar Women of the
Ecuadorian Amazon: Effects on Leptin Levels

Folke Lindgärde, Iréne Widén, Miriam Gebb, and Bo Ahrén

eptin is a key biological marker related to energy balance and development of diabetes and cardiovascular diseases. Its levels

re increased in populations with a high degree of the metabolic syndrome. Life history of evolution has, however, largely

aken place under the ecological context of hunting and gathering. In this study, we explored whether the first steps of

ransition to sedentary agriculture involve a change of body composition, plasma leptin concentration, and markers of the

etabolic syndrome. A total of 59 healthy Shuar Amerindian women living in 5 isolated communities in the Ecuadorian

mazonian rain forest were examined. Women (n � 33) from the largest and oldest community, Yuwientsa, who are more

ependent on agriculture had higher fat mass (11.7 � 3.3 v 14.5 � 4.0 kg; P � .023) but the same body mass index (24.1 � 2.7

23.1 � 2.8 kg/m2; not significant [NS]) and lean body mass (41.0 � 5.0 v 40.2 � 6.2 kg; NS) than women (n � 26) from the

traditional hunter/gather settlements. Furthermore, women from Yuwientsia had higher leptin (5.5 � 3.1 v 4.1 � 2.7 ng/mL;

� .021) and plasma insulin levels (49.8 � 37.4 v 35.5 � 12.7 pmol/L; P � .013). Homeostasis model assessment (HOMA)

alues (8.8 � 4.8 v 6.1 � 2.2; P � .004) and plasma triglyceride levels (2.3 � 1.0 v 1.7 � 0.6 mmol/L; P � .025) as markers of

he metabolic syndrome were also increased in the Yuwientsa population. Mean plasma glucagon concentrations were not

ifferent between the groups. We conclude that body fat and levels of insulin and leptin are higher in the population more

ependent on agriculture for living. In fact, the leptin concentrations from the 4 hunter/gather communities are the lowest

ean value ever reported from a population of healthy females. As there are no genetic or biologic differences between the

huar Indians from the 5 communities, we hypothesize that behavioral responses to a changing environment may be the key

o the development of the metabolic syndrome and elevated plasma leptin concentrations.
2004 Elsevier Inc. All rights reserved.
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RESENT DAY Andean natives are descendants of the
Amazonian groups that migrated eastwards some 3,500

ears ago.1 Their lifestyle has undergone transition from a more
raditional through an agricultural to the urbanized style.2,3 This
ifestyle transition is associated with altered occurrence of
isease states related to the metabolic syndrome. Thus, the
ifestyle in isolated Amerindian populations in the Amazonian
egion seem to protect against the development of hyperten-
ion, obesity, and diabetes,4,5 while high rates of cardiovascular
isk factors are found when an Indian tribe in the Amazonian
egion has undergone rapid and cultural changes.6 Particularly
he rapid lifestyle transition during recent years may be of
mportance, as is evident from studies showing very low rates
f cardiovascular diseases among North American Indians in
he 1960s7 in relation to the Strong Heart Study indicating that
oronary heart disease rates in these groups now exceed rates in
ther US populations.8

A metabolic marker for the change in prevalence of cardio-
ascular diseases is leptin, which is an adipocyte-derived hor-
one of importance as a signal for the regulation of energy

tores.9,10 Thus, hyperleptinemia is associated with develop-
ent of diabetes and cardiovascular diseases.11 Consistent with

he notion that risks for cardiovascular diseases increase in
eruvian Indians undergoing urbanization2 and that this risk is
ssociated with high leptin levels, we recently found that leptin
oncentrations in Quechua-speaking women living in small
ural villages in the high-altitude-situated Cuzco region in Peru
re lower than in women who migrated from the Andean
ighland to Lima.3 This finding thus supports that the transition
o urbanization is associated with elevated leptin levels, which
ay relate to increased occurrence of the metabolic syndrome.
owever, whether the transition of lifestyle from the traditional
unter/gather style to the agricultural style is similarly associ-
ted with altered leptin levels is not known. A study demon-
trating very low plasma leptin levels in healthy female Ache

12
merindians living in eastern Paraguay might support this.

etabolism, Vol 53, No 10 (October), 2004: pp 1355-1358
The purpose of this study was to investigate the impact of the
rst step of transition from hunter/gather communities to sed-
ntary agriculture on plasma leptin concentrations in relation to
ody composition among Amerindian women. To that end, we
xamined women in 4 small settlements in the Amazonian rain
orest in Ecuador characterized by traditional living conditions
n comparison to women living in a larger and older community
hat to some degree is more dependent on agriculture.

SUBJECTS AND METHODS

he Shuar Communities

Women living in 5 Shuar communities were examined. The villages
re located in the Amazonian rain forest at an altitude of 700 m about
00 miles southeast from Shell Mera in the Pastanza region in Ecuador.
eople living in 4 of the communities, Yampuna, Tinche, Tresmaria,
nd Iniaya have maintained the traditional hunter/gather lifestyle,
hereas people living in the Yuwientsa community have introduced an

gricultural lifestyle. Yuwientsa is the largest and oldest one of the
ommunities, 36 years in existence. The settlement has grown from just

few families to about 120 inhabitants. In contrast to the other
ommunities, it has a small governmental school and through a con-
ribution from a German organization got a cottage where some basic
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1356 LINDGÄRDE ET AL
edications are stocked. Traditional Shuar settlements as the 4 other
nes are located approximately 50 miles from Yuwientsa and range in
ize from 15 to 60 persons. Yampuna, the largest one, with approxi-
ately 50 inhabitants, was founded 18 years ago. Both Yuwientsa and
ampuna are connected to Shell Mera and the hospital by Mission
viation flights and get irregular visits from 1 of us (M.G.). In none of

he villages piped water or electricity are available.

tudy Design

All women aged 20 to 61 years and living in the 5 communities were
nvited to take part in the study. In 2 of the communities, all women
esponded positively to the invitation and participated. In the other
ommunities, all women responded positively, but a few were away
rom the community at the time of the study. Therefore, participation
ate exceeded 95%. Two of the investigators (F.L. and M.G.) per-
ormed the examinations. Body height (m), weight (kg), and waist
ircumferences (cm) were measured after an overnight fast. Body
diposity was measured by a bioelectrical impedance method (The
iodynamic Model 310, version 8.0; Biodynamic Research, Seattle,
A). Measurements were performed with subjects lying on a couch

nd the electrodes placed on the dorsal surfaces of the right hand and
oot. A venous blood sample (6 mL) was obtained in Vacuette test
ubes immediately after aprotinin (250 KIU/mL blood; Bayer AG,
everkusen, Germany) was added. The blood was centrifuged, plasma
as stored in an ice cooler with blue pack ice at 4°C for 24 to 30 hours,

nd kept frozen for 3 days at �20°C, and then brought to Sweden for
nalyses. Insulin, glucagon, and leptin were analyzed with double-
ntibody radioimmunoassay techniques using guinea pig antihuman
nsulin antibodies, human insulin standard, mono-125I-Tyr-human in-
ulin, guinea pig antihuman glucagon antibodies specific for pancreatic
lucagon, 125I-labeled glucagon and glucagon standard, and rabbit
ntihuman leptin antibodies, 125I-labeled human leptin and human
eptin as standard, respectively (Linco Research, St Charles, MO).
lasma glucose was determined using the glucose oxidase procedure.
lood triglycerides and total cholesterol were analyzed by use of a
aper strip. Approval for the study had been given by Hospital

Table 1. Characteristics of Women From the Traditional Shua

Variable
Traditiona
Villages (

Age (yr) 32.0 �

Height (cm) 151.5 �

Weight (kg) 52.7 �

BMI (kg/m2) 23.1 �

Waist circumference (cm) 79.7 �

LBM (kg) 40.2 �

Fat mass (kg) 11.7 �

Fat mass/LBM (ratio) 0.30 �

Fat mass (% of body weight) 22.1 �

Plasma glucose (mmol/L) 3.9 �

Plasma insulin (pmol/L) 35.5 �

HOMA index 6.1 �

Plasma leptin (ng/mL) 4.1 �

Leptin per kg body fat (ng/mL/kg) 0.33 �

Plasma cholesterol (mmol/L) 4.5 �

Plasma triglycerides (mmol/L) 1.7 �

Plasma glucagon (ng/L) 63.3 �

NOTE. P indicates probability level of random difference between
Abbreviations: LBM, lean body mass; HOMA, homeostasis model a
ozandes in Quito, Ecuador. i
tatistical Analyses

All results are presented as mean values � SD. Insulin resistance
as calculated as the homeostasis model assessment (HOMA) index

ccording to the HOMA using the formula fasting insulin � fasting
lucose/22.5.13 Statistical analyses were performed with the SPSS for
indows system (SPSS, Chicago, IL). Differences between the groups
ere analyzed using Mann-Whitney U test, and Pearson’s product
oment correlation coefficients were obtained to estimate linear cor-

elation between variables. A P value of .05 was considered significant.

RESULTS

The characteristics of the 59 Amazonian Shuar women from
cuador are shown in Table 1, divided into 2 subsets, “Tradi-

ional Shuar villages” (n � 26) and “Yuwientsa community”
n � 33). All subjects had normal fasting glucose values, and
here were no differences between the 2 groups with respect to
ge, waist circumference, height, body weight, body mass
ndex (BMI), lean body mass (LBM), plasma glucose, plasma
lucagons, and total blood cholesterol concentrations. In con-
rast, women from Yuwientsa had a higher amount of body fat,
n increased percentage of body fat, and a higher body fat
ass/LBM ratio than women from the other communities.
urthermore, concentrations of fasting triglycerides, leptin, and

nsulin were higher in women from Yuwientsa. As an indicator
f peripheral insulin resistance, the HOMA values were higher
n the Yuwientsa group. Across the entire study population,
eptin correlated to insulin (r � 0.28; P � .035), HOMA (r �
.27; P � .040), and percent body fat (r � 0.55, P � .001).

DISCUSSION

The main finding of this study is that the rather modest
hange of social structure taking place within a relatively short
ime period of these Amerindian women results in increased
lasma leptin and insulin levels and body fatness. The findings,

ages in Relation to Women From the Yuwientsa Community

r
)

Yuwientsa
Community (n � 33) P

36.9 � 2.1 NS
151.1 � 4.3 NS
56.5 � 7.4 NS
24.1 � 2.7 NS
84.2 � 8.3 NS
41.0 � 5.0 NS
14.5 � 4.0 .023
0.35 � 0.09 .004
25.4 � 4.9 .032
4.1 � 0.6 NS

49.8 � 37.4 .013
8.8 � 4.8 .004
5.5 � 3.1 .021

0.36 � 0.03 .032
4.5 � 0.4 NS
2.3 � 1.0 .025

61.0 � 13.0 NS

oups.
sment; NS, not significant.
r Vill

l Shua
n � 26

2.2
4.1
6.8
2.8
8.2
6.2
3.3
0.08
4.9
0.58
12.7
2.2
2.7
0.03
0.7
0.6
29.1

the gr
n fact, suggest that the changes in lifestyle are associated with
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1357LEPTIN IN ECUADORIAN AMERINDIANS
evelopment of insulin resistance, as for example, both fasting
nsulin and HOMA values are increased, and development of
arly signs of the metabolic syndrome, as for example, trglyc-
rides levels are elevated. The change in lifestyle is of short
uration, because until the late 1970s, people in Yuwientsa
ubsisted on full-time forest foraging. Thereafter, this commu-
ity has transformed into a more agricultural community,
hereas the 4 other villages that are smaller have retained the

raditional household-focused economy that embraces a mixed
trategy of hunting, fishing, horticulture, and gathering.14 Game
n the vicinity of established human settlements in Amazon
asin is extremely scarce.15 Hunters in Yuwientsa had to go 8

o 10 hours to hunt larger animals, such as deer and wild pork
peccary).

The mean plasma leptin level in the Shuar population, 4.9
g/mL, was found to be very low in comparison to rural
merindians women who have an agricultural lifestyle as those

n Andean highlands, 9.7 ng/mL, even though BMI is not
ifferent.3 Similarly, the leptin levels in the Shuar population
re lower than those in Mexican Pima Indians, 10.9 ng/mL,16

ut similar to what was observed among Ache Amerindians
iving in eastern Paraguay, 5.6 ng/mL, who until the late 1970s
ubsisted on full-time forest foraging, but now live primarily
hrough farming.12 Parkatêjê Indians living in the southeast of
he state of Pará, part of the Amazon Region of Brazil, a tribe
hat has undergone a rapid and intensive change in lifestyle
ince the 1960s, present at medical examinations a high rate of
ardiovascular risk factors with a mean plasma leptin value of
0.0 ng/mL.5 A Swedish age-matched sample of women with
ormal fasting plasma glucose and the same BMI as the Shuar
nd Cuzco groups had a mean plasma leptin concentration of
6.1 ng/mL2 emphasizing the hypothesis that chronic environ-
ental factors may play an important role in leptin variation.
We thus show in this study that a first step of transition in

ifestyle, from the hunter/gather lifestyle to the agricultural
ifestyle is associated with increased fat body mass with con-
omitant increase in circulating insulin and leptin. Hypotheti-
ally, these alterations may be due to adoption of a more

edentary lifestyle and altered dietary habits. We did not in- e
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In contrast to leptin values, mean plasma glucagon concen-
ration was in this study within the range observed in Cauca-
ians and Pima Indians17 and, as in Pima Indians, there was no
elation for glucagon levels to body adiposity.18 Therefore, the
hange in lifestyle does not seem to be associated with altered
lucagon levels.
As human evolution has occurred largely during conditions

imilar to those existing in the traditional Shuar villages, eg,
unting and gathering, the observed low plasma leptin conen-
ration may represent “the normal” range of this hormone.
erhaps due to greater adiposity and lower energetic stress,
omen with similar genetic background have adopted to sed-

ntary agriculture as Andean3 and Mexican Pima Indians16

hrough a transition phase as Ache females12 and women in
uwientsa. Also this transition phase thus seems to represent

n increased risk for cardiovascular diseases.
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