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Abstract
Context—The possible role of adiponectin, a protein uniquely produced by the adipose tissue and
significantly reduced in obesity and other insulin-resistant states, in the regulation of energy
expenditure (EE) is still poorly understood.

Objective—The objective of the study was to investigate the relationship between total fasting
plasma adiponectin concentrations and the various components of EE measured in a metabolic
chamber in Pima Indians and to test whether body fat distribution may have a role in this association.

Design—This was a cross-sectional study.

Setting—The study was an inpatient clinical research unit.

Participants—Sixty nondiabetic Pima Indians (45 males and 15 females), aged 18–45 yr, spanning
a wide range of adiposity (body mass index 19.6–46.2 kg/m2) participated in the study.

Main Outcome Measures—Total fasting plasma adiponectin concentrations, EE (24-h
respiratory chamber), insulin sensitivity (euglycemic-hyperisulinemic clamp), body composition
(dual-energy x-ray absorptiometry), and body fat distribution (waist to thigh ratio) were the main
outcome measures.

Results—Total fasting plasma adiponectin concentrations are negatively associated with sleep EE
adjusted for sex, age, fat-free mass, and fat mass. This correlation is still significant, although
attenuated, after inclusion of insulin-stimulated glucose disposal among the regressors and further
attenuated when adjusted also for waist to thigh ratio.

Conclusions—The decrease in total fasting plasma adiponectin concentrations that accompanies
fat accumulation may be a mechanism to prevent further weight gain by decreasing insulin sensitivity
and increasing energy expenditure.
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Abbreviations
EE, Energy expenditure; M, insulin-stimulated glucose disposal; min-max, minimum-maximum;
RMR, resting metabolic rate; SLEEP, sleep EE; SPA, spontaneous physical activity; WTR, waist to
thigh ratio

Plasma concentrations of adiponectin are significantly reduced in obese and diabetic mice and
humans as well as patients with hypertension and cardiovascular diseases (1). Conversely,
weight loss is associated with an increase in adiponectin concentrations in some (2) but not all
(3) studies. Total fasting plasma adiponectin concentrations are lower in Pima Indians, a
population with a high prevalence of obesity and type 2 diabetes, compared with Caucasians,
although this ethnic difference is no longer significant after adjusting for insulin sensitivity
(4).

The role of adiponectin in energy balance is yet to be established. Animal studies have provided
contradictory results, indicating both a positive (5) and negative (6) effect of adiponectin on
energy expenditure (EE). Human studies have shown a negative association between resting
metabolic rate (RMR) measured by the ventilated hood technique and plasma adiponectin in
both male and female Caucasians (7). A previous study of Pima Indians and Caucasians did
not show a significant association between 24-h EE, as measured in a metabolic chamber, and
total fasting plasma adiponectin concentrations but did not assess the various components of
daily metabolic rate (8).

Central fat is a stronger determinant of plasma adiponectin concentrations than overall
adiposity (4). Central fat accumulation is associated with higher EE, an observation also found
in Pima Indians (9). Therefore, we hypothesized that body fat distribution may mediate the
relationship between adiponectin and metabolic rates.

The aims of this study were to investigate the relationship between total fasting plasma
adiponectin concentrations and the different components of daily EE in a group of Pima Indian
men and women spanning a wide range of adiposity and to test whether body fat distribution
may have a role in this association. EE was measured in a respiratory chamber, which provides
an accurate measure of a person’s 24-h EE.

Subjects and Methods
Subjects

Sixty nondiabetic Pima Indians [45 male and 15 females, aged 28 ± 7 yr (range 18–45)] from
the Gila River Indian Community were included in the study. The analysis focused on only
those subjects, part of a larger study of metabolic predictors of type 2 diabetes in Pima Indians
and Caucasians, for whom both insulin-stimulated glucose disposal and EE along with total
fasting plasma adiponectin concentrations were available. Before participation, volunteers
were fully informed of the nature and purpose of the study, and written informed consent was
obtained. The experimental protocol was approved by the Institutional Review Board of the
National Institute of Diabetes and Digestive and Kidney Diseases and the Tribal Council of
the Gila River Indian Community. All subjects were found to be free of disease according to
physical examination, medical history, and laboratory testing. On admission to the metabolic
ward, subjects were placed on a standard weight maintenance diet (20, 30, and 50% of daily
calories provided as protein, fat, and carbohydrate, respectively) for 3 d before testing. Glucose
tolerance was assessed by a 75-g oral glucose tolerance test according to the criteria of the
World Health Organization. Only nondiabetic subjects were studied. Body composition was
measured by dual-energy x-ray absorptiometry (DPX-L, Lunar Corp., Madison, WI).
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EE
EE was measured in a respiratory chamber. Volunteers entered the chamber at 0745 h after an
overnight fast and remained there for 23½ h. Meals were provided at 0800, 1130, 1600, and
1900 h (an evening snack). The rate of EE was measured continuously, calculated for each 15-
min interval, and then extrapolated to 24 h (24-h EE). Spontaneous physical activity (SPA)
was detected by radar sensors and expressed as percentage of time over the 24-h period in
which activity was detected. Sleep EE (SLEEP) was defined as the average EE of all 15-min
periods between 2330 and 0500 h during which SPA was less than 1.5%. SLEEP is an estimate
of the basal metabolism necessary to support life. Physical activity-related EE was calculated
by multiplying the mean SPA values by the slope of the regression line of 24-h EE vs. SPA.

Two-step hyperinsulinemic-euglycemic glucose clamp
Insulin-stimulated glucose disposal (M) was assessed at physiological and supraphysiological
insulin concentrations using a two-step hyper-insulinemic-euglycemic glucose clamp, as
previously described (10).

Analytical measurements
Blood samples were drawn after an overnight fast, at least 3 full days after subjects had
consumed a weight-maintenance diet on the metabolic ward. Plasma glucose concentrations
were measured using the glucose oxidase method (Beckman Instruments Inc., Fullerton, CA).
Plasma insulin concentrations were measured with an automated RIA (Concept 4, ICN
Biochemicals, Costa Mesa, CA). Plasma adiponectin concentrations were measured with a
validated sandwich ELISA using an adiponectin-specific antibody (intra- and interassay
coefficients of variation were 3.3 and 7.4%, respectively), as previously reported (4).

Data analysis
All statistical analyses were performed using software of the SAS Institute (SAS version 8.2;
Cary, NC). Throughout the text, the data are expressed as means ± SD. Relationships between
total fasting plasma adiponectin concentrations and the other study variables were assessed
using Spearman correlation coefficients. Linear regression analysis was used to model the
effects of adiponectin on the EE parameters as well as the effects of selected anthropometric
and metabolic variables on total fasting plasma adiponectin concentrations.

Results
Total fasting plasma adiponectin concentrations [median (minimum-maximum [min-max]):
6.7 (3.1–15.3) μg/ml] were negatively associated with body mass index (mean ± SD: 31.4 ± 6
kg/m2; r = −0.36, P = 0.004), percent body fat (mean ± SD: 30 ± 7%; r = −0.31, P = 0.02),
waist circumference (mean ± SD: 104 ± 14 cm; r = −0.33, P = 0.01), waist to thigh ratio (WTR;
mean ± SD: 1.6 ± 0.1; r = −0.36, P = 0.004), fasting concentrations of glucose (mean ± SD:
84 ± 10 mg/dl; r = −0.34, P = 0.007), fasting concentrations of insulin (median [min-max]: 40
(7–108) μIU/ml; r = −0.44, P = 0.0004), and SLEEP (mean ± SD: 1634 ± 249 kcal per 24 h; r
= −0.42, P = 0.0009, Fig. 1) but not 24-h EE (mean ± SD: 2338 ± 359 kcal per 24 h; r = −0.25,
P = 0.06) and positively correlated with M [median (min-max): 2.2 (1.7–6.9) mg/kg estimated
metabolic body size−1/min−1; r = 0.49, P < 0.0001]. M and WTR, but not percent body fat,
were significant independent determinants of total fasting plasma adiponectin concentrations,
explaining a total of 40% of the variance in this measure (Table 1).

We have previously reported in a larger sample (9) that SLEEP is determined by fat-free mass,
fat mass, sex, and age (Table 2, model 1 in this study population). Total fasting plasma
adiponectin concentrations were negatively associated with SLEEP after adjustment for sex,
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age, fat-free mass, and fat mass using general linear modeling and explained an additional 3%
of the variance of SLEEP (Table 2, model 2). The correlation between total fasting plasma
adiponectin concentrations and SLEEP was still significant, although attenuated, after
inclusion of M among the regressors (Table 2, model 3). This association was further attenuated
when adjusted also for WTR (Table 2, model 4).

No independent associations were found between total fasting plasma adiponectin
concentrations and 24-h EE or physical activity-related EE.

Discussion
Adiponectin is an adipocyte-specific protein that circulates in the bloodstream at concentrations
100- to 1000-fold higher than those of other hormones and cytokines, and, in contrast to all
other adipocytokines, plasma concentrations of adiponectin are markedly decreased in obesity,
type 2 diabetes, and coronary artery disease (1). In this study, and similar to a recent report in
Caucasians using the ventilated hood technique to measure RMR (7), total fasting plasma
adiponectin concentrations were negatively associated with sleep energy expenditure in Pima
Indians, independent of sex, age, and body composition.

Adiponectin circulates as lower-molecular-weight hexamers and larger multimers of high
molecular weight (11). The percentage of high-molecular-weight adiponectin is a better
predictor of insulin sensitivity under thiazolidinedione treatment (12) and glucose intolerance
than total adiponectin (13). Therefore, total plasma adiponectin concentrations may not
represent as accurate an estimate of the physiological effects of this protein as the ratio between
its isoforms.

This cross-sectional analysis did not allow us to determine whether energy expenditure affects
adiponectin concentrations or whether adiponectin lowers metabolic rate. In their study of
Caucasians, however, Ruige et al. (7) proposed that higher plasma adiponectin concentrations
occur as a defense against comorbidities of obesity in subjects with lower RMR. On the other
hand, adiponectin might lower EE as well. A negative association between adiponectin and
other adipocytokines known to stimulate thermogenesis, such as leptin and TNFα, has been
reported (14). Moreover, adiponectin inhibits the activation of signal transducer and activator
of transcription-3, which is central to the effects of leptin on EE (15).

Adiponectin is a unique adipocytokine in that its plasma concentrations are markedly decreased
in obesity, leading to a reduction in insulin sensitivity (4). Obesity-associated insulin resistance
may represent a mechanism to counteract further expansion of body fat and therefore limit
obesity, despite the drawback of an increased risk of developing type 2 diabetes. The decrease
in plasma adiponectin concentrations with weight gain may also help to prevent fat
accumulation by allowing for a higher EE. In fact, lower total fasting plasma adiponectin
concentrations were associated with less weight gain in a prospective study of Pima Indians
(16).

Eventually reduced concentrations of adiponectin may help to limit obesity but, at the same
time, impair insulin sensitivity, thus leading to glucose intolerance and type 2 diabetes. The
function of low plasma adiponectin as an independent predictor of type 2 diabetes has
previously been established (17). Interestingly, SLEEP was higher in Pima Indians with either
type 2 diabetes or impaired glucose tolerance, compared with normal glucose-tolerant subjects
(18). Furthermore, a progressive increase in resting EE and insulin-induced thermogenesis
paralleled the deterioration of glucose tolerance from normal glucose tolerance to impaired
glucose tolerance to type 2 diabetes in that study (18). Determinants of higher EE in glucose
intolerance include hepatic glucose production, insulin-mediated glucose disposal, and fasting
concentrations of insulin and free fatty acids (18). Lower total fasting plasma adiponectin
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concentrations are associated with higher hepatic glucose production in Pima Indians (19).
Therefore, low concentration of circulating adiponectin may explain the higher EE observed
in glucose intolerance.

The present study also demonstrated that total fasting plasma adiponectin concentrations in
Pima Indians are more closely related to body fat distribution than to overall adiposity, as
previously reported (4). The role of central fat in reducing adiponectin concentration may offer
insight into the negative association between this adipocytokine and sleep EE. In fact, a positive
correlation between central fat accumulation and EE has been established in previous studies
of both Caucasians (20) and Pima Indians (9), and further adjustment of the association between
adiponectin and adjusted sleep EE for WTR in the present study attenuated the strength of the
correlation.

In conclusion, there is a negative association between total adiponectin and EE in Pima Indians
that may be mediated, in part, by body fat distribution. We speculate that the decreased total
adiponectin concentration associated with overweight and especially with central fat
accumulation may represent a mechanism inhibiting further weight gain by affecting both
insulin sensitivity (decrease) and EE (increase).
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Fig. 1.
Spearman correlation between total fasting plasma adiponectin concentrations and SLEEP.
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TABLE 1
Determinants of total fasting plasma adiponectin concentrationsa

Variable β P

Sex (male) 0.05 0.35
Age (yr) 0.01 0.33
Body fat (%) 0.01 0.52
WTR −0.36 0.02
Fasting glucose (mg/dl) −0.01 0.07
Fasting insulin (μIU/ml) −0.08 0.47
Insulin-stimulated glucose disposal 0.39 0.03
(mg/kg·EMBS−1·min−1)

EMBS, Estimated metabolic body size.

a
Using multiple linear regression modeling.
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