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Vagally-mediated hyperinsulinemia is a common abnormality in various rodent models of genetic and hypothalamic obesity
that have a high propensity for type 2 diabetes. We hypothesized that Pima Indians, a population with a high prevalence of
hyperinsulinemia, obesity, and type 2 diabetes also have an increased parasympathetic drive to the pancreas. To test this, we
measured plasma concentrations of insulin and pancreatic polypeptide (PP), a surrogate marker of pancreatic vagal tone, in
lean and obese Pima Indian and Caucasian children (n = 43, 26P/17C, 7 = 1 y) and adults (n = 92, 61P/31C, 31 = 5 y). Pima
Indian children had ~2-fold higher fasting insulin and 57% higher fasting PP concentrations than age- and sex-matched
Caucasian children (P < .05). Although there was no difference in fasting PP concentration between Pima Indian and
Caucasian adults, in response to a mixed meal, Pima Indians had a 51% higher early (30 minutes) PP concentration and 2-fold
higher early insulin concentration than Caucasians (P < .05). PP concentrations at 60 minutes and 120 minutes after the meal were
also markedly higher in both lean and obese Pima Indians compared with lean and obese Caucasians. These results suggest that
Pima Indians may have an increased parasympathetic drive to the pancreas, which could lead to a primary hypersecretion of
insulin and contribute to their high propensity for obesity and diabetes, as is the case in various rodent models of obesity.
Copyright © 2001 by W.B. Saunders Company

HE PIMA INDIANS of Arizona have among the highest Whether an increased parasympathetic drive to the pancreas

reported prevalence rates of obesity and type 2 diabetesontributes to hyperinsulinemia, obesity, and diabetes in hu-
in the world? Like several other ethnic groups with a high mans and whether Pima Indians and/or other obesity and dia-
propensity for obesity and diabete3Pima Indians are char- betes prone populations may have an increased parasympa-
acterized by marked insulin resistance and hyperinsulinéia. thetic drive to the pancreas is unknown. However, a small study
The hyperinsulinemia of Pima Indians appears to be an earlgonducted some 15 years ago suggested that lean Pima Indians
abnormality, because Pima Indian children have higher fastingnight have increased plasma concentrations of pancreatic
insulin concentrations than Caucasian children of similar agepolypeptide (PP3¢ While this original finding was not inter-
and weight€ Prospective studies have established the pathopreted in the context of vagal control of insulin secretion, there
physiologic importance of hyperinsulinemia as a high fastingis now good evidence that plasma PP concentrations can serve
insulin concentration predicts the development of both obesityas a surrogate measure of the parasympathetic drive to the
and diabetes in Pima Indian childréAIn Pima Indian adults, ~Ppancreas’-32 From this new point of view, an increased PP
fasting hyperinsulinemia also predicts diabetes, an effect thagoncentration in Pima Indians would be of considerable patho-
we recently showed is independent of insulin resist&itee  Physiologic interest indicating that an increased parasympa-
reason for the hyperinsulinemia in Pima Indians remains unthetic drive to the pancreas might contribute to their hyperin-
known. To a certain extent, the higher fasting insulin concen-sulinemia and propensity for obesity and diabetes.
trations is likely a secondary adaptation to the high degree of To further examine this question, we measured fasting and
adiposity and insulin resistanéeThis is unlikely the only ~ Postprandial plasma PP and insulin concentrations in a large
explanation, however, because Pima Indians are more hypegroup of Pima Indian and Caucasian adults and children.
insulinemic than Caucasians, even after accounting for their
higher degree of adiposity and insulin resistaho8lterna- )
tively, the marked hyperinsulinemia in Pima Indians could, atSubjects
least in part, be the result of a primary hypersecretion of insulin A total of 87 Pima Indians and 48 Caucasians, on whom plasma
that might be a cause rather than a consequence of the#amples were obtained as part of previous studies of the pathogenesis
adiposity and insulin resistance. of obesity and diabetes were included in this analysis (Table 1). All

Fasting hyperinsulinemia is also a common abnormality Ofsupjects were ryondiabeﬁév,34 healthy according to a physical exami-'

various animal models of genetic or hypothalamic obesity Withnatlon and routine laboratory tests, and none smoked or took medica-
a high propensity for diabetes, such as the ob/ob m&utes
fa/fa rat!112 and rodents with lesions of the ventromedial
hypothalamus (VMH}-3-21|n these animals, the hyperinsulin-  From the Clinical Diabetes and Nutrition Section, National Institute
emia is thought to be in large part due to an exaggerate®f Diabetes and Digestive and Kidney Diseases, National Institutes of
parasympathetic drive to the pancreas, because administratidigath, Phoenix, AZ.

of parasympathicolytic drugs such as atropifi¢5 truncal va- Submitted March 28, 2000; accepted July 28, 2000. .
o . . Address reprint requests to Christian Weyer, MD, Clinical Diabetes
gotomy17-20 or islet cell transplantatidd can almost com-

L. . and Nutrition Section, National Institutes of Health, 4212 N 16th St, Rm
pletely normalize insulin levels and delay or even prevent thes_ 41 phoenix. AZ 85016.

SUBJECTS AND METHODS

development of obesity and diabetes. Copyrighte 2001 by W.B. Saunders Company
In humans, the parasympathetic nervous system (PNS) is 0026-0495/01/5002-0006$35.00/0
also involved in the regulation of insulin secretié®5 doi:10.1053/meta.2001.20170
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Table 1. Physical and Metabolic Characteristics of the Study Population
Study 1
Pima Indians Caucasians Study 2 Study 3
Lean Obese Lean Obese Pima Indians Caucasians Pima Indians Caucasians
No., sex (F/M) 7 (3/4) 8 (4/4) 7 (3/4) 8 (4/4) 46 (9/37) 16 (4/12) 26 (12/14) 17 (9/8)
Age (y) 33 + 47 32 + 64 32+ 114 30+ 74 27+ 6 32 = 8t 6.5+ 1.0 6.8 + 0.9
Height (cm) 166 + 74 172 + 8B 169 + 6° 171+ 8 169 + 8 171 £ 1 124 £ 9 118 = 8t
Body weight (kg) 70.3 + 9.6~ 109.0 = 15.28 71.4+9.8% 109.8+16.8% 92.0+19.6 90.7 =244 315+ 104 243+ 43t
BMI (kg/m?) 24.0 = 1.94 379 +6.6% 254 +23° 38.2 = 4.8 32.1 = 6.6 31.1+8.9 20.1 =49 15.4 = 1.4t
Body fat (%) 24 + 74 35 + 5B 22 +9A 35+ 78 29+8 27 £10 28+ 8 16 = 7%
Fat mass (kg) 169 +57° 385+958 158+62% 383+1278 276=115 262+156 13.4+3.7 4.7 = 1.3t
Fat-free mass (kg) 53.4 = 7.5 70.5 = 7.6% 556+ 9.2~ 715+ 1158 644 +11.4 645+ 127 18.1 = 4.0 19.6 + 4.4
Waist-to-thigh ratio  1.56 + 0.15  1.66 + 0.15% 1.55 = 0.09" 1.62 + 0.09® 1.65+0.15 1.49 =0.10f 144 +0.11 1.44 + 0.12%
Fasting glucose
(mmol/L) 4.9 = 0.4 5.3 + 0.4° 4.8 = 0.4~ 5.1 +0.3% 46 +0.5 46 +05 45+04 4.9 * 0.6%

NOTE. Mean + SD. Group comparisons were adjusted for age and sex. Study 1, variables not sharing a common character (A or B) are
significantly different (P < 0.05).
Studies 2 and 3, symbols indicate significant ethnic differences (t P < .01, ¥ P < .001).

tions, which affect the cholinergic system or glucose or insulin metab-antecubital vein for blood sampling and kept patent with a 0.9% saline
olism at the time of the study. The study protocol was approved by theinfusion. Subjects rested quietly in bed throughout the test. At &Q0
Tribal Council of the Gila River Indian Community and by the Insti- after 2 baseline blood samples had been drawnl and 0 minutes,
tutional Review Board of the National Institute of Diabetes and Diges-subjects consumed a standard test meal (toast, butter, jelly, scrambled
tive and Kidney Diseases and all subjects (or their parents) provideaggs, and orange juice) containing 20% of their estimated 24-hour
written informed consent. sedentary energy expenditure distributed as 40%, 44%, and 16% of
calories from carbohydrate, fat, and protein, respectively. All subjects
Study 1: Overall PP and Insulin Responses to a Mixed Meal finished the meal within 15 minutes. Postprandial blood samples were
in Adults drawn at 60, 120, 180, and 240 minutes in study 1, and additionally at

In a first study, plasma PP and insulin concentrations were measure%0 minutes in study 2. All blood samples were drawn with prechilled

in 15 Pima Indian and 15 Caucasian adults before and hourly for 4_syringes, transferred into prechilled tubes and immediately placed on

hours after a standardized mixed meal. Subjects in this study, whichC®: All tubes were cold-centrifuged-4°C) within minutes of collec-

was originally conducted to examine ethnic differences in fasting and'’" and frozen until assay.

postprandial plasma concentrations of acylation stimulating prétein, .

were closely matched for age, sex, and body weight with each ethni@nthropometrlc Measurements

group being comprised of 7 lean and 8 obese subjects (Table 1). In adults, body composition was estimated by underwater weighing

Obesity was defined as a body mass index (BMI) above 30 %g/m with determination of residual lung volume by helium dilu®or by

according to the 1995 World Health Organization (WHO) critéfia.  total body dual energy x-ray absorptiometry (DPX-L; Lunar Corp,
Madison, WI)3° In children, body composition was estimated by

Study 2: Early PP and Insulin Responses to a Mixed Meal  pioelectrical impedance (BIA model 103, RIL Systems Inc, Clinton

in Adults Township, MN) or by total body dual energy x-ray absorptiométry.

Postprandial PP responses show a biphasic pattern with an early (1greviously derived conversion equatiéhs were used to make mea-
to 30 minutes) first phase that was not assessed in study 1. This and tf&réments comparable between methods. Waist and thigh circumfer-
fact that hyperinsulinemia in Pima Indians is particularly evident at ©NceS were measured at the umbilicus and the gluteal fold in the supine
early time points after glucose ingestided us measure plasma PP and @nd standing position, respectively, and the waist-to-thigh ratio was
insulin concentrations in samples from a second study in 46 Pima@lculated as an index of body fat distribution.
Indian and 16 Caucasian adults before and at 30 minutes after the same .
standardized mixed meal. Samples for this study had been obtaineAnalytic Procedures
from a longitudinal study of the pathogenesis of diabétes. Plasma glucose concentrations were determined by the glucose ox-
. . . . . idase method (Beckman Instruments, Fullerton, CA). Plasma insulin
Study 3: Fasting PP and Insulin Concentrations in Children  concentrations were measured by radioimmunoassays, using either the
Because hyperinsulinemia in Pima Indians is present at a youfig agdlerbert modificatiof? of the method of Yalow and Berséhor an
and because vagally-mediated insulin hypersecretion is an early abnoputomated analyzer (Concept 4, ICN, Costa Mesa, CA). Plasma con-
mality in animal models of obesif:21we measured fasting plasma PP centrations of PP were determined by 2 different radioimmunoassays
and insulin concentrations in samples from a third study in 26 Pima(Peninsula Laboratories, San Carlos, CA, in study 1; ALPCO, Ltd,
Indian and 17 age- and sex-matched Caucasian children, all between\indham, NH, in studies 2 and 3).

and 8 years of age (no postprandial samples were attained).
Statistical Analyses

Methods Statistical analyses were performed using the software of the SAS
Mixed meal test. Subjects in studies 1 and 2 underwent a standard-Institute (Cary, NC). Plasma concentrations of PP and insulin were log

ized mixed meal test as previously descriBebh brief, at 7:00am after transformed to achieve a normal distribution and were compared be-
a 12-hour overnight fast, an intravenous catheter was placed in atween Pima Indians and Caucasians using general linear regression
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Fig 1. Changes (mean = SEM) in plasma concentrations of insulin

0.50 T T T 1 (A) and PP (B) in response to a standard mixed meal in lean and obese

adult Pima Indians and Caucasians, closely matched for age, sex, and

0.5 1.0 1.5 2.0 2.5 body weight (study 1). (C) Relationship between fasting plasma PP

and insulin concentration. Note that in this study, PP was measured
by a different assay than in the other 2 studies.

log fasting insulin (pmoliL)

models with simultaneous adjustment for age and sex. Linear regredration was not different among the 4 groups, at 60 and 120
sion models with calculation of Pearson correlation coefficients wereminutes after the meal, plasma PP concentrations were 144% and
used to assess the relationships between different measures. Analysggoy, higher in Pima Indians compared with Caucasians, respec-

of variance (ANOVA) for repeated measurements were used to examygye|y (Fig 1B). These differences were evident in both the lean
ine postprandial changes in plasma PP (study 1) and insulin (studies (de obese subgroups (Fig 1B) and in both males and females (no
and 2) concentrations both within groups (time effect) and between

groups (time*group effect). Pairedests were used to test whether PP Slgmflcam gender effect). The ffrletlng plasma P_P ConcentraFlon
concentrations at 30 minutes after the test meal were different fromV&S positively related to the fasting plasma insulin concentration

those at baseline (study 2). (Fig 1C), a correlation that remained significant after adjustment
for age, percent body fat, and the fasting plasma glucose concen-
RESULTS tration (partialr = .51, P = .05). Although postprandial PP and
The physical and metabolic characteristics of the subjects iinsulin concentrations were both positively related to their respec-
the 3 studies are given in Table 1. tive fasting levels, PP and insulin concentrations at postprandial

time points were not correlated with one another. Neither fasting
Study 1: Overall PP and Insulin Responses to a Mixed Meal nor postprandial PP concentrations were related to measures of
in Adults adiposity (BMI or percent body fat).

The fasting plasma insulin concentration was higher in obese ) .

Pima Indians as compared with obese Caucasians and to Ie;ﬁfUdy 2: Early PP and Insulin Responses to a Mixed Meal
subjectsP < .05, Fig 1A). At 60, 120, 180, and 240 minutes after " Adults
the meal, plasma insulin concentrations were higher in obese than As in study 1, the fasting plasma insulin concentration was
in lean subjects with no ethnic differences within the lean andhigher in Pima Indians than in Caucasians (Fig 2A ané B;
obese groups (Fig 1A). Although the fasting plasma PP concen:01), a difference that remained significaft € .05) after
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Fig 2. Changes (mean = SEM) in plasma concentrations of insulin
° (lines) and PP (bars) in response to a standard mixed meal in 46 adult
Pima Indians (A) and 16 adult Caucasians (B) (study 2). Asterisks
0.75 T Y r 1 indicate significantly (P < .01) higher fasting and 30-minute insulin
concentrations and higher 30-minute, but not fasting, PP concentra-
1000 2000 3000 4000 5000 tions in Pima Indians compared with Caucasians. (C) Relationship
birth weight (g) between fasting plasma PP concentrations and birth weight in 39 of

the 46 Pima Indians.

adjustment for percent body fat. Also, as in study 1, the fastinghe lower fasting glucose concentration (Table 1). The fasting
PP concentration was not significantly higher in Pima IndiansPP concentration was 57% higher in Pima Indian than in
than in Caucasians (33:t 20.5v 18.4+ 7.5 pmol/L) (Fig 2A  Caucasian childrenP( < .05, Fig 3B). As with adults, the
and B). However, 30 minutes after ingestion of the meal, Pimafasting PP concentration was positively related to the fasting
Indians had not only a more than 2-fold higher insulin concen-insulin concentration (Fig 3C). However, unlike in adults, PP
tration, but also a 51% higher PP concentration than Caucasiarncentrations were also positively related to percent body fat
(Fig 2A and B). In 39 of the 46 Pima Indians in whom birth (r = .45,P < .01), and the relationship between fasting PP and
weight data were available, fasting PP concentrations werénsulin concentrations was no longer significant after adjust-
positively related to birth weight (Fig 2C), a correlation that ment for percent body fat (partial= .13, not significant).
remained significant after adjustment for body weight at the

time of the study (partiat = .37, P < .05). As in study 1, DISCUSSION
neither fasting nor postprandial PP concentrations were related In the present study, we hypothesized that the Pima Indians
to BMI or percent body fat. of Arizona, a population with marked hyperinsulineffi&and

a very high propensity for obesity and type 2 diabetes/e an
increased parasympathetic drive to the pancreas. To test our
Compared with the age- and sex-matched Caucasian chilypothesis, we measured fasting and postprandial plasma con-
dren, Pima Indian children were significantly taller and heaviercentrations of PP in Pima Indian and Caucasian children and
and had higher fat mass, but similar fat-free mass. The fastingdults. We found that Pima Indian children had not only mark-
insulin concentration was higher in Pima Indian than in Cau-edly higher fasting insulin concentrations, but also higher fast-
casian childrenR < .001, Fig 3A), a difference that remained ing PP concentrations than age- and sex-matched Caucasian
significant after adjustment for the higher percent body fat ancchildren. Although there were no differences in fasting PP

Study 3: Fasting PP and Insulin Concentrations in Children
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Preliminary evidence that Pima Indians might have an ex-
100 - 80 4 . aggerated PP response to food intake was reported some 15
years ago, but this finding was based on comparison with a
50 rather small reference group of lean Caucasians and was not
interpreted in the context of parasympathetic innervation of the
40 4 pancreas. The results of our first study not only demonstrate
that Pima Indians have markedly higher postprandial PP re-
30 I sponses than Caucasians, but also that this ethnic difference is
evident in both lean and obese subjects and in both males and
females.

Because hyperinsulinemia in Pima Indians is most prominent
at early time points after glucose ingesttaend because the
postprandial PP response is known to follow a biphasic pattern
Pima  Cauc. T Pima Cauc. with an early first phase (initial 30 minutes) and a prolonged
second phase (30 minutes to 6 ho#s)Swe measured plasma
insulin and PP concentrations in samples from a second study
that were taken at an earlier postprandial time point. We found

A

w

80 4
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40 4
20 4

20 4

fasting plasma insulin (pmol/L.)
fasting plasma PP {pmol/L)

C 225 r=034, p<0.05 ' : that 30 min_utes a_fter Fhe meal, Pima Indians not on_Iy had a
' ¢ Pima Indians markedly higher insulin concentration than Caucasians, but
200 . o [OCaucasians also a 51% higher PP concentration. Thus, both first and second
g phase PP secretion is exaggerated in Pima Indians.
E (751 In animal models of obesity such as in rats with ventromedial
& hypothalamic lesions, vagus-mediated insulin hypersecretion
.§ 150 4 represents one of the earliest detectable metabolic abnormali-
& ties that precedes weight gain and glycemic deterior&tion.
g 125 Because hyperinsulinemia in the Pima Indians is also present at
° o a young agé,we measured fasting plasma concentrations of PP
1.00 r : —— and insulin in samples from a third study in Pima Indian and
05 1.0 18 2.0 25 Caucasian children. We found that by the age of 5 to 8 years,
log fasting insulin (pmol/L) Pima Indian children were not only substantially more obese

and had higher fasting insulin concentrations, but also had 57%
Fig 3. Fasting plasma insulin (A) and PP (B) concentrations in  inhor tasiing PP concentrations. The anthropometric differ-
Pima Indian and Caucasian children matched for age and sex (* P < . K . ) X .
.05. ** P < .01) (study 3). (C) Relationship between fasting plasma PP ences in this study have to be interpreted with caution, as some
and insulin concentrations. of the Caucasian children were selected from a study in twins,
which likely contributed to their lower body weight at birth and

concentrations between Pima Indian and Caucasian adults, iIﬁ\ter in life. It is known, however, that even after controlling for
response to a mixed meal, Pima Indians had markedly higheperinatal factors, Pima Indian childrgn are heavier and fatter
early and late phase PP responses than Caucasians. Thdd@n age- and sex-matched Caucasian chiléliearthermore,
findings are consistent with the hypothesis that Pima Indiand"€ ethnic differences in fasting insulin and PP concentrations
have an increased parasympathetic drive to the pancreas, whigmained significant after adjustment for percent body fat.
might contribute to their hyperinsulinemia and high propensityASS“m'ng that fasting PP concentrations are an indicator of
for obesity and diabetes. basal vagal-pancreatic tone, then our findings in children sug-
The secretion of PP has been recognized as a unique indf€st that an increased parasympathetic drive to the pancreas is
cator for studies of vagal control of endocrine systémi  an early abnormality in Pima Indians, detectable at a young age
animals and humans, vagotomy decreases fasting PP conce®d even under basal conditions.
trations and almost completely abolishes the PP response to The above findings are of considerable pathophysiologic
food intake and other secretory stim@fi3© In patients with interest. Consistent with metabolic abnormalities found in an-
long-standing diabetes, PP responses decrease in direct propéfal models of genetic and hypothalamic obeSity, Pima
tion to the loss of peripheral sensation, leading to the suggedndians appear to have complex disturbances in autonomic
tion that PP secretion might be used as a sensitive marker in thiggulation that may include not only low sympathetic nervous
quantification of autonomic (vagal) neuropatiiyin contrast, ~ System activity’ but also an increased parasympathetic drive to
electrical stimulation of the vagus nerve dose-dependently inthe pancreas. This leaves the possibility that central (eg, hypo-
creases circulating PP concentration in figbloreover, basal  thalamic) factors might be responsible, in part, for the hyper-
PP concentrations and gastric acid secretion fluctuate in paralléhsulinemia and propensity for obesity and diabetes in Pima
with a periodicity similar to the ultradian rhythm of the auto- Indians. Although there is strong evidence that exaggerated PP
nomic nervous systeAt.Based on these and other findings, PP secretion is reflective of an increased parasympathetic drive to
concentrations are considered to be a useful surrogate measutee pancread;32 our study does not ultimately prove this
of the parasympathetic drive to the pancree®.44 notion, nor does it provide direct evidence that this abnormality
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contributes to the marked hyperinsulinemia in Pima Indians, asigh birth weight is associated with an increased parasympa-
it does in animal models of obesity. While the finding of a thetic drive to the pancreas later in life. High birth weight is
positive relationship between the fasting insulin and PP con+ypical of offspring of mothers with diabetes or glucose intol-
centrations in both children and adults suggests that fastingrance, presumably because of compensatory fetal hyperinsu-
insulinemia may be influenced by the basal vagal tone, thdinemia. Studies in roderfig54 have shown that fetal or neo-
ethnic difference in insulin and PP concentrations is mostnatal hyperinsulinemia leads to structural disorganization of the
prominent in the postprandial period in which insulin and PPventromedial hypothalamus associated with hyperinsulinemia
concentrations were unrelated. This does not necessarily argugnd increased propensity to obesity and diabetes later in life.
against a role of vagal activity in meal-related insulin secretion,Based on these findings, it might be proposed that fetal hyper-
however, given that postprandial insulin secretion is affected byinsulinemia could cause subtle hypothalamic defects leading to
numerous other factors such as the rate of gastric emptying anéduced sympathetic and increased parasympathetic tone,
the degree of underlying insulin resistance. In fact, several linesyhich in turn, may predispose to hyperinsulinemia, obesity,
of evidence indicate an important role of vagal tone in thegnd diabetes later in life.

pOSth’andial insulin Secretion in humans. Blockade Of the para- If an increased parasympathetic drive to the pancreas con-
sympathetic drive to the pancreas by vagotomy or atropine nofriputes to hyperinsulinemia, and possibly to the development
only completely blocks postprandial PP responses, but alsgf gpesity and diabetes, in some human populations, as the case
dose-dependently attenuates meal-induced insulin secretion i some rodent models, then the question arises whether vagal
humang223 In contrast, cholinergic activation increases PP hyperinsulinemia should be attenuated. In humans with hypo-
concentration and augments insulin secretfords pointed  hajamic obesity, truncal vagotomy leads to a marked reduction
out*s interpretation of such studies is complicated by the, the hyperinsulinemia associated with weight 1858 pa-
simultaneous effect of the vagus nerve on gastric emptyinGients with more common forms of obesity, attenuation of
Interestingly, patients with Prader-Willi syndrome, a rare form hyperinsulinemia as achieved by vagotSf# or nonvagal

of hypothalamic obesity, have remarkably low fasting andechanisms such as treatment with diazo¥iddso seems to
postprandial PP and insulin concentratiéhsuggesting a hy-  56r weight loss. In the end, long-term intervention studies are
pothalamic defect that is associated with a reduced parasyn,qjired to test whether attenuation of (vagally-mediated) in-

pzthgnc _drlve t%éhe pan(I:ISeas.dlg commogAJCI)Drgws of humansu"n hypersecretion might be an option in the prevention of
obesity, increasetf, normal4s and decreasé concen- obesity and/or diabetes in humans.

tratic_;ns h_ave been r_eported_, indicgting that human obesity 'S n summary, the present study demonstrates that Pima Indi-
not invariably associated with an increased parasympathetlgms have not only higher fasting and early postprandial insulin

drive to the pancreas. . . concentrations, but also a markedly exaggerated PP response to
Interestingly, increased PP concentrations have previousl . : . . . .
: . : - 1ood intake compared with Caucasians. In Pima Indian chil-
been reported in a remote unacculturated American Indian tribe ) . . .
. . . .~ ~dren, fasting plasma concentrations of both insulin and PP are
in the Brazilian Amazort? An increased parasympathetic drive

. ; . igher than in Caucasian children. These results suggest that
to the pancreas might therefore be a phenotypic expression qf. - . . X
— C . . ima Indians have an increased parasympathetic drive to the
the “thrifty genotype,*® which is commonly invoked to explain

. . . I . ancreas. Whether this abnormality contributes to the high
the high propensity for diabetes and obesity in populations thagrevalence of hyperinsulinemia, obesity, and diabetes in this

have rapidly transitioned from a traditional rural lifestyle to a . : . . . : .
Westernized one such as the Pima Indians. As early as 196Q0pulatlon, as it does in animal models of obesity with high

NeePo suggested that expression of these thrifty gene(s) Woulcﬁjlabetes propensity remains to be elucidated.
result in a “quick insulin trigger” that favors energy storage in
times of feast as a survival advantage in times of famine. ACKNOWLEDGMENT
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