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Plasma Adiponectin Concentrations Do Not Increase in Association With
Moderate Weight Loss in Insulin-Resistant, Obese Women

Fahim Abbasi, Cindy Lamendola, Tracey McLaughlin, John Hayden, Gerald M. Reaven, and Peter D. Reaven

Plasma adiponectin concentrations were measured before and after moderate weight loss in 20 obese women, divided at
baseline into insulin-resistant (IR) and insulin-sensitive (IS) subgroups on the basis of their steady-state plasma glucose
(SSPG) concentration at the end of a 180-minute infusion of octreotide, glucose, and insulin. The groups were similar in age
and body weight and lost comparable amounts of weight (8 to 9 kg) during the weight loss period. Fasting plasma insulin and
SSPG concentrations were significantly higher (P < .001) and adiponectin concentrations somewhat lower (P = .10) in the IR
group (P < .001) at baseline. Both SSPG and plasma insulin concentrations decreased in IR subjects (P < .001), but did not
change in IS individuals. Adiponectin concentrations did not change with weight loss in either group. Thus, neither weight

loss, per se, nor enhanced insulin sensitivity resulted in a change in plasma adiponectin concentrations.

© 2004 Elsevier Inc. All rights reserved.

HERE IS evidence that plasma adiponectin concentrations

are related to various measures of body fat, lower in
insulin-resistant (IR) individuals and increase in association
with improved insulin sensitivity following weight loss.1-10
However, not al obese individuals are IR,11-16 and we have
presented preliminary evidence that plasma adiponectin levels
were only significantly lower in obese individuals who were
also IR and hyperinsulinemic.1” Furthermore, subjects in the
majority of published weight loss studies were massively
obese, and only modest increases in plasma adiponectin con-
centrations occurred despite relatively enormous amounts of
weight loss. Finally, because obesity, per se, decreases insulin
clearance, 213 the reliability of changes in plasmainsulin con-
centration as the surrogate estimate of improvement in insulin
sensitivity in patients who have lost large amounts of weight
can be questioned. The current study represents an effort to
clarify and extend these findings and was initiated to seeif: (1)
adiponectin concentrations increase with moderate amounts of
weight loss in obese individuals and (2) improvement in direct
measures of insulin-mediated glucose disposal associated with
moderate weight loss in IR individuals is accompanied by
increases in adiponectin concentrations.

MATERIALS AND METHODS

The experimental population consisted of 20 obese women with a
body mass index (BMI) between 29.0 to 36.0 kg/m? in good general
health, with a fasting plasma glucose concentration <126 mg/dL and
normal laboratory results on achemical screening battery. The Stanford
University Human Subjects Committee approved this study, and all
participants gave written informed consent.
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The insulin suppression test!8-20 was used to create IR and insulin-
sensitive (1S) subgroups. Briefly, subjects were infused for 180 minutes
with octreotide (0.27 wg/m? - min), insulin (32 mIU/m? - min), and
glucose (267 mg/m? - min). Blood was drawn at 10-minute intervals
during the final 30 minutes of the infusion to measure plasma glucose
and insulin concentrations, and the mean of these values used as the
steady-state plasma insulin (SSPI) and glucose (SSPG) concentrations
for each individual.

IR was defined as a SSPG vaue >180 mg/dL and IS as a SSPG
concentration <100 mg/d; cut points that separated the upper and lower
tertiles of SSPG concentrations as measured in 490 healthy volun-
teers.t

Plasma adiponectin concentrations were measured in duplicate after
an overnight fast with a radioimmunoassay established by Linco Re-
search (St Charles, MO). This assay has a sensitivity of 0.01 mg/dL and
intra- and interassay coefficient of variation (CV) of less than 8%.

After collection of baseline data, subjects were instructed on a
calorie- restricted diet calculated to result in weight loss of approxi-
mately 2 to 3 kg/mo plus sibutramine (15 mg/d) for the 4-month weight
loss period. At the end of this period, subjects were placed on aweight
maintenance diet for 14 days, during which time weight fluctuated by
<1.0 kg in any individual. They were then readmitted to the General
Clinical Research Center (GCRC) and baseline measurements repeated.

The results to be presented were obtained on the first 20 individuals
(20 in each group) that completed the 4-month weight loss period. IR
and IS subjects were compared at baseline (Student’s unpaired t test),
as well as between baseline and postweight loss changes (Student’s
paired t test).

RESULTS

Table 1 indicates that baseline SSPG and fasting plasma
insulin concentrations were significantly higher (P < .001) in
the IR group, but the 2 groups were comparable in terms of age,
weight, waist circumference, and fasting plasma glucose con-
centrations. Fasting plasma adiponectin concentrations were
lower in IR individuals, but this difference did not reach the
conventional level of statistical significance (P = .10).

Weight loss was similar in the IS (8.5 = 4.2 kg) and IR
(8.9 = 5.1 kg) groups. Figure 1 indicates that plasma SSPG
concentration decreased by 40% (P < .001) with moderate
weight lossin the IR group, whereas it did not changein the IS
individuals. However, plasma adiponectin concentrations were
the same before and after weight loss in both groups.

Figure 1 also demonstrates that there was little variance in

Metabolism, Vol 53, No 3 (March), 2004: pp 280-283



PLASMA ADIPONECTIN AFTER WEIGHT LOSS

Table 1. Baseline Demographic and Metabolic Characteristics

Insulin- Insulin-

Variable Sensitive Resistant P Value
SSPG (mg/dL) 64 £ 15 214 = 23 <.001
Age (yr) 45 + 8 48+ 9 44
Weight (kg) 86.9+75 84.1+58 36
Waist (cm) 94+ 6 96 + 8 .52
Fasting glucose (mg/dL) 93+7 98 +8 .21
Fasting insulin (ulU/mL) 7=*2 13+4 <.001
Fasting adiponectin (ug/mL) 25.9 =125 17.0+7.4 .10

NOTE. Data are means * SD.

SSPG concentrations at baseline in either IS or IR individuals,
whereas adiponectin concentrations varied more than 5-fold in
both groups.

DISCUSSION

The results presented demonstrate that moderate weight loss
(8 to 9 kg) did not result in a change in plasma adiponectin
concentrations in the 20 obese women we studied. There was
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no suggestion of an increase in adiponectin concentration with
weight loss in either group or when the IS and IR groups were
combined. Furthermore, repeat measurement of all samples
yielded nearly identical values for al individuals. Thus, it
seems unlikely that failure to demonstrate an increase in adi-
ponectin concentrations with weight loss was due to sample
size or assay variation.

Failure to see a change in plasma adiponectin concentrations
with weight loss in this study is most likely due to major
differences between our protocol and those of studies that have
demonstrated this association.®-1° The magnitude of obesity of
patients in these studies was much greater, and in 4 instances,5-°
surgical intervention resulted in relatively massive amounts of
weight loss, ie, 23 kg to amost 57 kg. This approach is quite
different from ours, in which moderate calorie restriction was
ingtituted to bring about weight loss of 8 to 9 kg. The study
most resembling ours is that of Esposito et al,1° who reported
that adiponectin concentrations increased by 2.7 ug/mL in
overweight individuals who had lost 14 kg as compared with an
increase of 0.5 ug/mL in subjects who had lost 3 kg. These data
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suggest that changes in plasma adiponectin do not become
apparent until substantial amounts of weight have been shed.
Our results also indicated that substantial improvements in
insulin sensitivity after moderate weight loss in IR subjects
were not associated with an increase in plasma adiponectin
concentration. Because there is ample evidence that insulin
resistance is attenuated with this degree of weight loss,11.13.15.16
our findings imply that changes in circulating adiponectin may
not mediate weight loss-induced improvements in insulin sen-
sitivity. These data differ from those when much greater
amounts of weight are lost,6-1° but are consistent with prelim-
inary results of a study2? that seems quite similar to ours as
regards both experimental protocol and results. Furthermore,
there are several potential explanations to account for the
disparate findings. In addition to the obvious differences in
experimental protocol described above, surrogate measures
based on changes in plasmainsulin concentration were used to
assess insulin sensitivity in all of these studies. Although these
estimates of insulin action are correlated with specific measures
of insulin-meditated glucose disposal, they account for less
than 40% of the variability from person to person when insulin-
mediated glucose disposal is measured directly.2! The limita
tion of insulin concentrations as indicators of insulin action is
accentuated in obese individuals because obesity, per se, results
in decreased insulin clearance.1213 Thus, large amounts of
weight loss will lead to lower insulin concentrations, indepen-
dent of any change in insulin sensitivity, and their use in this
situation cannot provide reliable estimates of insulin action. In
addition, there is evidence that insulin acts on adipose tissue to
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decrease adiponectin synthesis and secretion,2325 and it is
possible that higher adiponectin levels after large amounts of
weight loss are a simple consequence of the greater decreases
in insulin concentration, unrelated to a change in insulin sen-
sitivity.

Although our results are straightforward, important caveats
must be made. Firstly, circulating adiponectin levels may not
be as important in regulation of insulin action as changes in
adiponectin concentration at the tissue level. Secondly, thereis
evidence that different forms of adiponectin may vary in their
metabolic effects.?6 Thus, plasma adiponectin concentrations
may not increase with moderate weight loss, but changes in
adiponectin may contribute to improvement in insulin sensitiv-
ity because its biologic effects may be more closely related to
differencesin tissue levels of adiponectin and/or the ratio of the
globular to the full-length form of adiponectin. These possibilities
deserve further evauation and could alter interpretation of our
study, aswell as many of the previous publicationsin thisfield.

In conclusion, our results indicate that moderate amounts of
weight loss in obese women were not associated with an
increase in plasma adiponectin concentration, not even when
insulin sensitivity improved in IR individuals. It should be
noted that there is also evidence that adiponectin concentrations
do not change when insulin sensitivity improves with exercise
training.” The fact that there are 2 instances in which improve-
mentsin insulin sensitivity occur without any change in plasma
adiponectin concentrations demonstrates that thereis still much
to learn about the role that adiponectin plays in modulation of
insulin-mediated glucose disposal.

REFERENCES

1. Arita Y, Kihara S, Ouchi N, et al: Paradoxical decrease of an
adipose-tissue specific protein, adiponectin, in obesity. Biochem Bio-
phys Res Commun 257:79-83, 1999

2. Weyer C, Funahashi T, Tanaka S, et al: Hypoadiponectinemia
in obesity and type 2 diabetes: Close association with insulin resis-
tance and hyperinsulinemia. J Clin Endocrinol Metab 86:1930-1935,
2001

3. Berg AH, Combs TP, Scherer PE: ACRP30/adiponectin: An
adipokine regulating glucose and lipid metabolism. Trends Endocrinol
Metab 13:84-89, 2002

4. Yamamoto Y, Hirose H, Saito |, et a: Correlation of the adipo-
cyte-derived protein adiponectin with insulin resistance and serum
high-density lipoprotein cholesterol, independent of body mass index
in the Japanese population. Clin Sci (Lond) 103:137-142, 2002

5. Tschritter O, Fritsche A, Thamer C, et a: Plasma adiponectin
concentrations predict insulin sensitivity of both glucose and lipid
metabolism. Diabetes 52:239-243, 2003

6. Yang W-S, Lee W-J, Funahashi T, et al: Weight reduction in-
creases plasma levels of an adipose-derived anti-inflammatory protein,
adiponectin. J Clin Endocrinol Metab 86:3815-3819, 2001

7. Hulver MW, Zheng D, Tanner CJ, et a: Adioponectin is not
atered with exercise training despite enhanced insulin action. Am J
Physiol 283:E861-E865, 2002

8. Fargl M, Havel PJ, Phelis S, et al: Plasma acylation-stimulating
protein, adiponectin, leptin, and ghrelin before and after weight loss
induced by gastric bypass surgery in morbidly obese subjects. J Clin
Endocrinol Metab 88:1594-1602, 2003

9. Guldstrand M, Ahren B, Adamson U: Improved beta-cell function
after standardized weight reduction in severely obese subjects. Am J
Physiol 284:E557-E565, 2003

10. Esposito K, Pontillo A, Di Palo C, et a: Effect of weight loss
and lifestyle changes on vascular inflammatory markers in obese
women. A randomized trial. JAMA 289:1799-1784, 2003

11. Olefsky J, Reaven GM, Farquhar JW: Effects of weight reduc-
tion on obesity. Studies of lipid and carbohydrate metabolism in normal
and hyperlipoproteinemic subjects. J Clin Invest 53:64-76, 1974

12. Ferrannini E, Natali A, Bell P, et a, on behalf of the European
Group for the Study of insulin Resistance (EGIR): Insulin resistance
and hypersecretion in obesity. J Clin Invest 100:1166-1173, 1997

13. Jones CN, Abbasi F, Carantoni M, et a: Roles of insulin
resistance and obesity in regulation of plasma insulin concentrations.
Am J Physiol 278:E501-508, 2000

14. McLaughlin T, Abbasi F, Carantoni, et a: Differencesin insulin
resistance do not predict weight loss in response to hypocaloric dietsin
healthy obese women. J Clin Endocrinol Metab 84:578-81, 1999

15. McLaughlin T, Abbasi F, Kim H-S, et al: Relationship between
insulin resistance, weight loss, and coronary heart disease risk in
healthy, obese women. Metabolism 50:795-800, 2001

16. McLaughlin T, Abbasi F, Lamendola C, et a: Differentiation
between obesity and insulin resistance in the association with C-reac-
tive protein. Circulation 106:2908-2912, 2002

17. Abbas F, Chu J, McLaughlin T, et a: Obesity versus insulin
resistance in modulation of plasma adiponectin concentrations. Diabe-
tes 52:A81, 2003 (suppl 1, abstr)

18. Shen SW, Reaven GM, Farquhar JW: Comparison of impedance
to insulin-mediated glucose uptake in normal subjects and in subjects
with latent diabetes. J Clin Invest 49:2151-2160, 1970

19. Greenfield MS, Doberne L, Kraemer F, et a: Assessment of
insulin resistance with the insulin suppression test and the euglycemic
clamp. Diabetes 30:387-392, 1981



PLASMA ADIPONECTIN AFTER WEIGHT LOSS

20. Pel D, Jones CN, Bhargava R, et a: Evaluation of octreotide to
assess insulin-mediated glucose disposal by the insulin suppression
test. Diabetologia 37:843-845, 1994

21. Yeni-Komshian H, Carantoni M, Abbasi F, et d: Relationship
between several surrogate estimates of insulin resistance and quantifi-
cation of insulin-mediated glucose disposal in 490 healthy, nondiabetic
volunteers. Diabetes Care 23:171-175, 2000

22. Xydakis A, Case C, Jones P, et a: The hormonal impact of
weight loss in obese patients with the metabolic syndrome. Diabetes
52:A396, 2003 (suppl 1, abstr)

23. Fasshauer M, Klein J, Neumann S, et a: Hormonal regulation of

283

adiponectin gene expression in 3T3-L1 adipocytes. Biochem Biophys
Res Commun 290:1084-1089, 2002

24. Yu JG, Javorschi S, Hevener AL, et al: The effect of thiazo-
lidinediones on plasma adiponectin levels in normal, obese, and type 2
diabetic subjects. Diabetes 51:2968-2974, 2002

25. MotoshimaH, Wu X, SinhaMK, et al: Differential regulation of
adiponectin secretion from cultured human omental and subcutaneous
adipocytes: Effects of insulin and rosiglitazone. J Clin Endocrinol
Metab 87:5662-5667, 2002

26. Yamauchi T, Kamon J, Ito Y, et d: Cloning of adiponectin recep-
tors that mediate antidiabetic metabolic effects. Nature 423:762-769, 2003



	Plasma Adiponectin Concentrations Do Not Increase in Association With Moderate Weight Loss in Insulin-Resistant, Obese Women
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


