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A

n association between adipokines and insulin
resistance has been noted in both diabetic and
nondiabetic states (1–3). Of particular interest
have been the recent demonstrations that
adiponectin may play a direct role in determining insulinmediated glucose uptake (3–7). However, since adiponectin is the major adipokine secreted by fat cells and is
closely linked to obesity (8,9), it is unclear to what extent
the association of adiponectin with insulin resistance is
independent of its relationship with obesity. Understanding this association is of importance because it may clarify
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mechanisms of insulin resistance and influence our understanding and use of therapeutic modalities, such as weight
loss or exercise to enhance insulin sensitivity.
Studies have documented that adiponectin concentrations are significantly related to various measures of body
fat (8 –11) and that significant weight loss leads to a rise in
adiponectin levels (9,10). However, it is possible that the
relationship between obesity and adiponectin is due in
part to metabolic changes frequently associated with
obesity. For example, insulin resistance and hyperinsulinemia are frequently associated with obesity, and both
decline with weight loss (12–14). Importantly, both in vitro
and in vivo studies (15,16) have demonstrated that insulin
itself may lead to downregulation of adiponectin secretion
from fat cells. Moreover, several studies (15–17) have
reported that improving insulin resistance and reducing
insulin levels with an insulin-sensitizing agent markedly
increases adiponectin concentrations, even in the absence
of or after adjustment of changes in weight. One way to
determine whether insulin resistance is associated with
adiponectin independently of obesity is to take advantage
of the fact that both obese and nonobese individuals can
be insulin sensitive as well as insulin resistant (12–14,18).
We have used this approach in this study and have
compared plasma adiponectin levels in nonobese and
obese individuals, stratified at baseline into insulin-sensitive and insulin-resistant groups.
RESEARCH DESIGN AND METHODS
Subjects included 20 men and 40 women volunteers from the San Francisco
Bay Area who had participated in studies conducted at Stanford University
within the past 3 years to investigate relationships of insulin resistance and
weight. The Stanford Human Subjects Committee had approved all studies,
and written informed consent had been obtained from all subjects. In each
study, blood was drawn after an overnight fast, plasma was separated, and
aliquots prepared for determination of glucose, free fatty acid (FFA), insulin,
lipid, and lipoprotein concentrations as previously described (13,14) or frozen
for additional assays. In each of the studies, insulin-mediated glucose disposal
was also quantified by a modification (19) of the insulin suppression test as
originally described and validated (20). Briefly, subjects were infused for 180
min with octreotide acetate (0.27 g 䡠 m⫺2 䡠 min⫺1), insulin (32 mU 䡠 m⫺2 䡠
min⫺1), and glucose (267 mg 䡠 m⫺2 䡠 min⫺1). Blood was drawn at 10-min
intervals from 150 –180 min of the infusion to measure plasma glucose and
insulin concentrations, and the mean of these four values was used as the
steady-state plasma insulin and glucose (SSPG) concentration for each
individual. As steady-state plasma insulin concentrations were similar in all
subjects during these tests, the SSPG concentration provided a direct measure
of the ability of insulin to mediate disposal of an infused glucose load; the
higher the SSPG concentration, the more insulin resistant the individual.
From the cohort of subjects studied during the past 3 years, we selected a
subset of individuals who both met the criteria described below and had
plasma that had been carefully frozen at ⫺80°C for ⬍3 years and was available
for measurement of adiponectin. Participants were required to be in good
general health as determined by a complete medical history and physical
585

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/53/3/585/656725/zdb00304000585.pdf by guest on 30 September 2022

Insulin resistance and obesity are both associated with
lower plasma adiponectin concentrations. Since insulin
resistance and obesity are related, the extent to which
the association of adiponectin with insulin resistance is
dependent on its relationship with obesity is unclear. To
address this issue, fasting plasma adiponectin concentrations were measured in 60 nondiabetic subjects,
stratified into four equal groups on the basis of both
their degree of adiposity and insulin resistance. Insulin
resistance was quantified by determining the steadystate plasma glucose (SSPG) concentration in response
to an infusion of octreotide, glucose, and insulin, and
degree of adiposity was assessed by BMI. Subjects were
defined as obese (BMI >30.0 kg/m2) or nonobese (<27.0
kg/m2) and as either insulin sensitive (SSPG <100 mg/dl)
or insulin resistant (>190 mg/dl). Insulin-resistant subjects had significantly (P < 0.001) lower (mean ⴞ SD)
adiponectin concentrations, whether they were obese
(17.1 ⴞ 5.9 g/ml) or nonobese (16.3 ⴞ 7.5 g/ml) as
compared with either obese, insulin-sensitive (34.3 ⴞ
13.1 g/ml) or nonobese, insulin-sensitive (29.8 ⴞ 15.3
g/ml) subjects. Finally, adiponectin levels in insulinsensitive subjects varied to a significantly greater degree than in insulin-resistant subjects. These results
suggest that adiponectin concentrations are more closely related to differences in insulin-mediated glucose
disposal than obesity. Diabetes 53:585–590, 2004
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TABLE 1
Demographic and clinical characteristics of the nonobese and obese volunteers divided into insulin-sensitive and insulin-resistant
groups
Characteristic

15
71 ⫾ 14
52 ⫾ 9
5/10
24.5 ⫾ 0.7
69.0 ⫾ 8.5
119 ⫾ 14
70 ⫾ 10
199 ⫾ 25
122 ⫾ 22
56 ⫾ 11
102 ⫾ 50
91 ⫾ 11
663 ⫾ 265
5⫾1

15
242 ⫾ 32†
47 ⫾ 12
5/10
25.2 ⫾ 1.5
70.5 ⫾ 10.3
125 ⫾ 12
74 ⫾ 9
220 ⫾ 38
129 ⫾ 33
44 ⫾ 12§
235 ⫾ 114㛳
97 ⫾ 10
759 ⫾ 225
11 ⫾ 6㛳

Obese
Insulin sensitive
Insulin resistant
15
74 ⫾ 14
48 ⫾ 9
4/11
31.7 ⫾ 1.2‡
90.8 ⫾ 8.4‡
122 ⫾ 12
72 ⫾ 10
199 ⫾ 34
121 ⫾ 32
57 ⫾ 20
104 ⫾ 41
92 ⫾ 9
675 ⫾ 229
7⫾3

15
241 ⫾ 27†
49 ⫾ 12
6/9
31.8 ⫾ 1.4‡
94.1 ⫾ 10.9‡
122 ⫾ 16
74 ⫾ 10
208 ⫾ 35
125 ⫾ 27
43 ⫾ 12㛳
199 ⫾ 140㛳
100 ⫾ 8
781 ⫾ 140
15 ⫾ 10㛳

P*
⬍0.001
0.51
0.90
⬍0.001
⬍0.001
0.69
0.54
0.26
0.86
0.004
⬍0.001
0.07
0.22
⬍0.001

Data are means ⫾ SD. *P values are for the differences among the four groups by one-way ANOVA; †P ⬍ 0.001; ‡P ⬍ 0.001 for pairwise
comparisons, nonobese versus obese within each insulin action category; §P ⱕ 0.06 for pairwise comparisons, insulin sensitive versus insulin
resistant within each category; 㛳P ⬍ 0.05.
examination and a normal blood count and chemistry screening battery. Four
equal groups of volunteers meeting these general criteria were then created on
the basis of both BMI and SSPG concentration. Subjects were classified as
being either obese or nonobese on the basis of BMI. The BMI cut points chosen
to make this distinction were values of ⱖ30.0 or ⬍27.0 kg/m2, respectively, to
correspond to suggested criteria for classifying individuals as being either
obese or not heavy enough to merit the use of U.S. Food and Drug
Administration–approved weight loss drugs (21). Subjects were classified as
insulin resistant or insulin sensitive on the basis of having an SSPG concentration in the upper (⬎190 mg/dl) or lower (⬍100 mg/dl) tertile, respectively,
of measurements of insulin-mediated glucose disposal in 490 healthy volunteers (22). Tertiles of SSPG concentrations were used to make this distinction
on the basis of results of prospective studies (23,24) showing that individuals
in the upper tertile of SSPG concentration developed a variety of adverse
outcomes, none of which occurred in those in the lowest SSPG tertile. In
additional analyses, the Adult Treatment Panel III waist circumference criteria
(25) were also used to classify subjects with measurements of waist circumference (n ⫽ 33) into those with and without visceral obesity.
Plasma adiponectin was measured with a radioimmunoassay established
by Linco Research (St. Charles, MO). This assay has a sensitivity of 0.01 mg/dl
and intra- and interassay coefficients of variation (CVs) of ⬍8%.
Summary statistics are expressed as mean ⫾ SD. Adiponectin, HDL
cholesterol, triglyceride, insulin, and FFA concentrations were log transformed to obtain a more normal distribution for statistical tests. Demographic
and metabolic characteristics of the four study groups were compared by
one-way ANOVA, except for sex distribution, which was compared by 2 test.
Post hoc Bonferroni pairwise comparisons were performed for variables that
were significantly different (P ⬍ 0.05) by one-way ANOVA. Variation of
adiponectin levels in both the insulin-sensitive and the insulin-resistant groups
was assessed by calculating each group’s variance and 95% CIs. Spearman
correlation coefficients (rs) were calculated to evaluate the relationship of
adiponectin levels with BMI and SSPG concentrations in the whole study
group. Pearson (r) correlation coefficients were calculated to explore the
relationships between plasma adiponectin concentrations and the demographic and metabolic characteristics of the study subjects. As several of
these parameters, including adiponectin, vary between the sexes, the Pearson
correlation coefficients were sex adjusted. Standardized regression coefficients (␤) were calculated using multiple regression analysis to further
quantify the strengths of associations between plasma adiponectin and the
variables of interest, specifically, age, sex, BMI, blood pressure, lipids,
glucose, FFA, insulin, and SSPG concentrations.

RESULTS

Demographic and clinical characteristics for all four
groups are presented in Table 1. SSPG concentration was
significantly higher (and similar), by selection, in the
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insulin-resistant groups (242 ⫾ 32 and 241 ⫾ 27 mg/dl)
than in the insulin-sensitive groups (71 ⫾ 14 and 74 ⫾ 14
mg/dl, P ⬍ 0.001 for ANOVA and post hoc comparisons). In
contrast, no significant differences in age, blood pressure,
total cholesterol, LDL cholesterol, FFA, and fasting glucose concentrations were present across all four groups.
Neither BMI nor weight significantly differed between
insulin-sensitive and insulin-resistant individuals within
each category of obesity. On the other hand, obese subjects were heavier and had higher BMI than nonobese
subjects, regardless of their category of insulin action (P ⬍
0.01 for all comparisons). Insulin-resistant subjects (both
nonobese and obese) had higher insulin and triglyceride
levels and significantly lower HDL cholesterol levels than
their insulin-sensitive counterparts.
Adiponectin concentrations were not similar across all
four groups, as shown in Fig. 1 (ANOVA, P ⬍ 0.001).
Although adiponectin concentrations were essentially
equal in both nonobese and obese insulin-resistant subjects (16.3 ⫾ 7.5 and 17.1 ⫾ 5.9 g/ml, respectively), they
were significantly lower than in either of the insulinsensitive groups (29.8 ⫾ 15.3 and 34.3 ⫾ 13.1 g/ml, P ⱕ
0.01 compared with each insulin-resistant group). There
were no differences in adiponectin levels between nonobese and obese individuals within the insulin-sensitive or
insulin-resistant groups. In the subset of 33 individuals
with waist circumference measurements, plasma adiponectin levels were also similar in the obese and nonobese individuals within each insulin-sensitive or insulinresistant group when the subjects were classified using the
Adult Treatment Panel III criteria for visceral obesity.
Figure 2 graphically depicts the relationship of fasting
adiponectin levels with BMI (A) and SSPG concentrations
(B) in the entire study sample. It can be seen that there
was no correlation between adiponectin levels and BMI
(Spearman correlation coefficient, rs ⫽ 0.01, P ⫽ 0.96),
whereas plasma adiponectin levels were inversely correlated (rs ⫽ ⫺0.44, P ⬍ 0.001) with SSPG concentrations.
DIABETES, VOL. 53, MARCH 2004
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n
SSPG (mg/dl)
Age (years)
Sex (male/female)
BMI (kg/m2)
Weight (kg)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dl)
LDL cholesterol (mg/dl)
HDL cholesterol (mg/dl)
Triglycerides (mg/dl)
Glucose (mg/dl)
FFA (Eq/l)
Insulin (IU/ml)

Nonobese
Insulin sensitive
Insulin resistant

F. ABBASI AND ASSOCIATES

Correlation between SSPG and adiponectin concentrations was essentially identical in the 33 individuals with
measurements of waist circumference (rs ⫽ ⫺0.438, P ⫽
0.01). Moreover, the SSPG-adiponectin relationship only
changed modestly when it was adjusted for differences in
waist circumference among subjects (Spearman partial
correlation coefficient, rs ⫽ ⫺0.38, P ⬍ 0.01). Interestingly,
adiponectin levels in insulin-sensitive subjects (SSPG
⬍100 mg/dl) ranged from very low to very high values (Fig.
2B) and showed significantly greater variation (variance ⫽
201 [95% CI 127–364]) than levels in insulin-resistant
(SSPG ⬎190 mg/dl) subjects (variance ⫽ 44 [28 – 80]). In
fact, 19 of 30 insulin-sensitive subjects had adiponectin
levels that overlapped with those of insulin-resistant subjects, and several insulin-sensitive subjects had levels of
adiponectin that were as low as the lowest values in the
insulin-resistant group, demonstrating that there were
many instances where reduced adiponectin levels were
not associated with insulin resistance.
Relationships in the entire study group between adiponectin and various demographic and metabolic parameters were also evaluated. Although weight, blood
pressure, total cholesterol, LDL cholesterol, glucose, and
FFAs were not significantly correlated with adiponectin
concentrations, insulin (r ⫽ ⫺0.49, P ⬍ 0.001) and triglyceride (r ⫽ ⫺0.27, P ⫽ 0.04) levels were both negatively
correlated with adiponectin concentrations. As has been
reported previously, HDL cholesterol levels (r ⫽ 0.50, P ⬍
0.001) and age (r ⫽ 0.30, P ⫽ 0.02) were also significantly
correlated with adiponectin levels. Interestingly, within
each category of insulin action, where SSPG values were
continuously distributed, adiponectin was poorly correlated with SSPG (insulin sensitive, r ⫽ 0.02, P ⫽ 0.58, and
insulin resistant, r ⫽ 0.13, P ⫽ 0.51).
In multivariate regression analysis, insulin (␤ ⫽ ⫺0.38)
and HDL cholesterol concentrations (␤ ⫽ 0.38) were both
strongly related to adiponectin levels. Age (␤ ⫽ 0.21) and
BMI (␤ ⫽ 0.15) were also related to adiponectin levels,
although with much reduced standardized regression coefficients. If SSPG concentration was entered in the model
instead of insulin levels, as high collinearity prevents their
simultaneous entry, it was also strongly (␤ ⫽ ⫺0.42)
related to adiponectin concentrations.
It should be noted that plasma insulin levels were
DIABETES, VOL. 53, MARCH 2004

strongly associated with SSPG concentrations (rs ⫽ 0.67,
P ⬍ 0.001) as well, indicating that in these insulin-sensitive
or insulin-resistant subjects, insulin concentration is the
one factor that appears to be linked to both adiponectin
levels and degree of insulin resistance. To look more
carefully at the potential role of insulin in modulating
adiponectin levels, we compared levels of adiponectin
across quintiles of fasting insulin levels for the entire study
group. These results, depicted in Fig. 3, show that the
mean levels of adiponectin trended lower as insulin levels
increased (P ⫽ 0.001, by one-way ANOVA). Consistent
with this notion, 11 of the 12 subjects with insulin levels in
the highest quintile had adiponectin levels below the
median value (19.9 g/ml), whereas only 3 of the 12
subjects in the lowest quintile of insulin had adiponectin
levels below this value.
DISCUSSION

It is apparent from these studies of obese and nonobese
individuals that adiponectin levels are more tightly linked
with insulin concentrations and insulin resistance than
degree of obesity. Obese insulin-sensitive subjects had
higher adiponectin levels than the obese insulin-resistant
subjects, despite the fact that weight and BMI were equal
in both groups of obese subjects. Similarly, adiponectin
levels in nonobese insulin-sensitive subjects were elevated
compared with those of the nonobese subjects who were
classified as insulin resistant. Thus, within each category
of obesity, stratification by insulin sensitivity status proved
a useful indicator of adiponectin concentration. Moreover,
when adiponectin levels were plotted against BMI (Fig.
2A), it was evident that adiponectin levels in insulinresistant subjects were uniformly low, regardless of the
obesity status of the individual subjects. These results
demonstrate a clear and significant relationship between
insulin resistance and plasma adiponectin concentrations.
Regression analyses provided further evidence of a
relatively robust relationship between insulin resistance or
insulin levels and adiponectin. In contrast, weight, BMI,
and waist circumference were less strongly related to
adiponectin. Several prior studies (1,2) have also reported
that insulin resistance is closely related to adiponectin
levels, even after adjusting for measures of obesity. The
587
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FIG. 1. Comparison of plasma adiponectin concentrations
in the four experimental groups. Vertical bars represent
the mean adiponectin concentrations, and error bars
represent the SD. IS, insulin sensitive; IR, insulin resistant. *Mean adiponectin levels were not similar across
the four groups as compared by one-way ANOVA (P <
0.001); †post hoc pairwise comparisons showed that adiponectin levels were significantly different (P < 0.01)
between insulin-sensitive and insulin-resistant groups
within each obesity category, whereas there were no
significant differences (P ⴝ 1.0) between the nonobese
and obese groups within each insulin action category.

OBESITY AND INSULIN RESISTANCE WITH ADIPONECTIN

FIG. 2. Relationship between plasma adiponectin concentrations, BMI,
and SSPG concentrations in 60 nondiabetic volunteers. A: The relationship between plasma adiponectin levels and BMI is shown, where
subjects are identified by their insulin resistance status, insulin sensitive (IS, E) and insulin resistant (IR, F). B: The relationship between
plasma adiponectin levels and SSPG concentrations is shown, where
subjects are identified by their obesity status, either nonobese (E) or
obese (F). The Spearman correlation coefficient (rs) describes the
strength of association between the graphed variables.

present data extend the findings of these studies by
providing a rather striking example of an obesity-independent association of insulin resistance with adiponectin
levels. The observation that plasma insulin concentrations
were associated with both adiponectin levels and insulin
resistance raised the possibility that part of the association
between these latter two variables may be explained through
their mutual relationships with insulin. More specifically,
plasma insulin concentrations are well recognized to be
elevated in insulin-resistant nondiabetic individuals (22–
24), and there is evidence that insulin may have direct
effects on adiponectin concentrations. Adiponectin message and protein expression have been shown to be
sensitive to insulin concentrations in vitro (15,26,27), and
elevation of plasma insulin levels during hyperinsulinemic
clamps has induced falls in adiponectin levels in both
obese and nonobese subjects (16,28). It is therefore con588

ceivable that the higher levels of insulin in insulin-resistant
subjects may downregulate levels of adiponectin, as suggested by the data in Fig. 3. A similar role for insulin in the
regulation of proteins secreted from fat cells has been
previously described for the adipokine, leptin (29,30).
However, the close relationship between insulin resistance and compensatory hyperinsulinemia, coupled with
the standardized regression coefficients showing that both
insulin levels and insulin resistance status were strongly
related to adiponectin, makes it difficult to determine
whether insulin resistance or hyperinsulinemia is most
closely linked to adiponectin concentration.
It should be emphasized that our results are not necessarily in conflict with previous reports (8 –11) that adiponectin concentrations are inversely correlated with the
degree of adiposity. However, our study design permitted
us to demonstrate that adiponectin concentrations are
related to the degree of insulin resistance/hyperinsulinemia independent of weight, BMI, or waist circumference.
On the other hand, our reliance on BMI and waist circumference as measures of obesity may have limited detection
of subtle effects of adiposity on plasma adiponectin concentrations. However, our findings are consistent with
reports from prior studies (1,2) indicating that adiponectin
levels are related to measures of insulin resistance independent of visceral adiposity. On the other hand, we
cannot exclude the possibility that differences in degree of
adiposity and/or fat distribution, if measured more precisely, might also modulate adiponectin concentrations.
Although these data are in agreement with recent suggestions that individuals with obesity and insulin resistance
may be predisposed to develop more cardiovascular risk
factors than those with obesity alone (13,31), this does not
imply that obesity without insulin resistance is benign.
Finally, although our results document an association
between insulin resistance and insulin levels with plasma
adiponectin concentrations, they also provide some indication that adiponectin levels can also be disassociated
DIABETES, VOL. 53, MARCH 2004
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FIG. 3. Relationship between fasting plasma adiponectin and quintiles
of fasting insulin concentrations. Vertical bars represent the mean
adiponectin concentration for each fasting insulin quintile. *Mean
adiponectin levels were not similar across quintiles as compared by
one-way ANOVA (P ⴝ 0.001). Individual data points are also shown.
†Insulin concentrations are given in microunits per milliliter.

F. ABBASI AND ASSOCIATES

ACKNOWLEDGMENTS

This work is supported in part by the office of Research
and Development, Medical Research Service, Department
of Veterans Affairs, and by research grants from the
National Institutes of Health (RR-00070, HL-08506, and
HL067690).
REFERENCES
1. Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE,
Tataranni PA: Hypoadiponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsulinemia. J Clin Endocrinol Metab 86:1930 –1935, 2001
2. Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S, Staiger
H, Maerker E, Haring H, Stumvoll M: Plasma adiponectin concentrations
predict insulin sensitivity of both glucose and lipid metabolism. Diabetes
52:239 –243, 2003
3. Yamamoto Y, Hirose H, Saito I, Tomita M, Taniyama M, Matsubara K,
Okazaki Y, Ishii T, Nishikai K, Saruta T: Correlation of the adipocytederived protein adiponectin with insulin resistance index and serum
high-density lipoprotein-cholesterol, independent of body mass index, in
the Japanese population. Clin Sci (Lond) 103:137–142, 2002
4. Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y, Ide
T, Murakami K, Tsuboyama-Kasaoka N, Ezaki O, Akanuma Y, Gavrilova O,
Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M, Nakano Y, Tobe K,
DIABETES, VOL. 53, MARCH 2004

Nagai R, Kimura S, Tomita M, Froguel P, Kadowaki T: The fat-derived
hormone adiponectin reverses insulin resistance associated with both
lipoatrophy and obesity. Nat Med 7:941–946, 2001
5. Berg AH, Combs TP, Du X, Brownlee M, Scherer PE: The adipocytesecreted protein Acrp30 enhances hepatic insulin action. Nat Med 7:947–
953, 2001
6. Kubota N, Terauchi Y, Yamauchi T, Kubota T, Moroi M, Matsui J, Eto K,
Yamashita T, Kamon J, Satoh H, Yano W, Froguel P, Nagai R, Kimura S,
Kadowaki T, Noda T: Disruption of adiponectin causes insulin resistance
and neointimal formation. J Biol Chem 277:25863–25866, 2002
7. Berg AH, Combs TP, Scherer PE: ACRP30/adiponectin: an adipokine
regulating glucose and lipid metabolism. Trends Endocrinol Metab 13:84 –
89, 2002
8. Nemet D, Wang P, Funahashi T, Matsuzawa Y, Tanaka S, Engelman L,
Cooper DM: Adipocytokines, body composition, and fitness in children.
Pediatr Res 53:148 –152, 2003
9. Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta K,
Shimomura I, Nakamura T, Miyaoka K, Kuriyama H, Nishida M, Yamashita
S, Okubo K, Matsubara K, Muraguchi M, Ohmoto Y, Funahashi T, Matsuzawa Y: Paradoxical decrease of an adipose-specific protein, adiponectin,
in obesity. Biochem Biophys Res Commun 257:79 – 83, 1999
10. Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL, Chen
CL, Tai TY, Chuang LM: Weight reduction increases plasma levels of an
adipose-derived anti-inflammatory protein, adiponectin. J Clin Endocrinol
Metab 86:3815–3819, 2001
11. Comuzzie AG, Funahashi T, Sonnenberg G, Martin LJ, Jacob HJ, Black AE,
Maas D, Takahashi M, Kihara S, Tanaka S, Matsuzawa Y, Blangero J, Cohen
D, Kissebah A: The genetic basis of plasma variation in adiponectin, a
global endophenotype for obesity and the metabolic syndrome. J Clin
Endocrinol Metab 86:4321– 4325, 2001
12. Olefsky J, Reaven GM, Farquhar JW: Effects of weight reduction on
obesity: studies of lipid and carbohydrate metabolism in normal and
hyperlipoproteinemic subjects. J Clin Invest 53:64 –76, 1974
13. McLaughlin T, Abbasi F, Kim HS, Lamendola C, Schaaf P, Reaven G:
Relationship between insulin resistance, weight loss, and coronary heart
disease risk in healthy, obese women. Metabolism 50:795– 800, 2001
14. McLaughlin T, Abbasi F, Lamendola C, Kim HS, Reaven GM: Metabolic
changes following sibutramine-assisted weight loss in obese individuals:
role of plasma free fatty acids in the insulin resistance of obesity.
Metabolism 50:819 – 824, 2001
15. Fasshauer M, Klein J, Neumann S, Eszlinger M, Paschke R: Hormonal
regulation of adiponectin gene expression in 3T3–L1 adipocytes. Biochem
Biophys Res Commun 290:1084 –1089, 2002
16. Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA, Sinha M,
Olefsky JM: The effect of thiazolidinediones on plasma adiponectin levels
in normal, obese, and type 2 diabetic subjects. Diabetes 51:2968 –2974,
2002
17. Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa H, Kishida K,
Nagaretani H, Matsuda M, Komuro R, Ouchi N, Kuriyama H, Hotta K,
Nakamura T, Shimomura I, Matsuzawa Y: PPAR␥ ligands increase expression and plasma concentrations of adiponectin, an adipose-derived protein. Diabetes 50:2094 –2099, 2001
18. Ferrannini E, Natali A, Bell P, Cavallo-Perin P, Lalic N, Mingrone G: Insulin
resistance and hypersecretion in obesity: European Group for the Study of
Insulin Resistance (EGIR). J Clin Invest 100:1166 –1173, 1997
19. Pei D, Jones CN, Bhargava R, Chen YD, Reaven GM: Evaluation of
octreotide to assess insulin-mediated glucose disposal by the insulin
suppression test. Diabetologia 37:843– 845, 1994
20. Greenfield MS, Doberne L, Kraemer F, Tobey T, Reaven G: Assessment of
insulin resistance with the insulin suppression test and the euglycemic
clamp. Diabetes 30:387–392, 1981
21. National Institutes of Health, National Heart, Lung, and Blood Institute:
Clinical Guidelines on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults: The Evidence Report. Bethesda, MD,
National Institutes of Health, 1998 (NIH publ. no. 98-4083)
22. Yeni-Komshian H, Carantoni M, Abbasi F, Reaven GM: Relationship
between several surrogate estimates of insulin resistance and quantification of insulin-mediated glucose disposal in 490 healthy nondiabetic
volunteers. Diabetes Care 23:171–175, 2000
23. Yip J, Facchini FS, Reaven GM: Resistance to insulin-mediated glucose
disposal as a predictor of cardiovascular disease. J Clin Endocrinol Metab
83:2773–2776, 1998
24. Facchini FS, Hua N, Abbasi F, Reaven GM: Insulin resistance as a predictor
of age related diseases. J Clin Endocrinol Metab 86:3574 –3578, 2001
25. National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
589

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/53/3/585/656725/zdb00304000585.pdf by guest on 30 September 2022

from insulin resistance. For example, there was extensive
overlap of adiponectin levels between insulin-sensitive
and insulin-resistant subjects, and levels of adiponectin in
several insulin-sensitive individuals were among the lowest measured in our population. There are other reported
instances of disassociation between adiponectin levels
and insulin resistance. For example, increases in adiponectin levels do not accompany exercise training–associated improvements in insulin resistance or fitness (8,32).
Similarly, although large reductions in weight resulting
from gastric partition surgery are associated with moderate elevations in adiponectin levels (10), a more typical
weight loss program utilizing simple caloric restriction
does not appear to alter adiponectin levels (33). Yet, both
methods of weight loss lead to substantial improvements
in insulin action (10,33).
These data point out that the relationship between
adiponectin and insulin resistance is probably not one of
direct cause and effect in all instances. It is possible that in
some situations their inverse relationship may be mediated in part by insulin levels, by other hormones such as
catecholamines or androgens (15,16,34), by proinflammatory cytokines (17,35), by medications (16,17), or possibly
by changes in clearance of adiponectin. Although our data
indicated a less robust relationship of adiponectin with
obesity, some or all of these factors may also be influenced
by the extent and location of obesity. Additionally, the
molecular mechanisms modulating insulin resistance may
vary between individuals and in different circumstances
(e.g., obesity and exercise), and thus the relevance of
adiponectin in these situations may also vary. An alternative explanation may be related to the different forms of
adiponectin and its receptors now identified in animals
and humans and the possibility that the biological action
of adiponectin may differ among these structural variants
and isoforms (36,37). The results of the current study do
not permit us to choose between these alternate explanations, but do indicate that sorting out the relationship
between adiponectin and insulin resistance may be more
complex than initially thought.
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