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Leptin: A Significant Indicator of Total Body Fat
but Not of Visceral Fat and Insulin Insensitivity
in African-American Women
Arnavaz Dua, Magda I. Hennes, Raymond G. Hoffmann, Diana L. Maas, Glenn R. Krakower,
Gabriele E. Sonnenberg, and Ahmed H. Kissebah

The recently cloned adipose tissue hormone leptin has
been proposed to be involved in the neuroendocrine
regulation of adiposity and its metabolic sequelae. Visceral fat is known to predict reduced insulin sensitivity and associated adverse metabolic profiles. In this
study, we report the first evaluation of the relationships between leptin levels and total body fat, visceral
fat, and insulin sensitivity in a cohort of premenopausal African-American women. Thirty-four
subjects were analyzed for total fat mass and visceral
fat by dual-energy X-ray absorptiometry and computerized axial tomography, respectively. Insulin sensitivity (5,) was assessed using Bergman's minimal model.
Results showed that fasting leptin levels strongly correlated with total body fat mass (r = 0.797, P < 0.001).
Correlations of leptin with visceral fat (r = 0.54, P <
0.001) and St (r = -0.419, P = 0.02) were dependent on
total body fat. In conclusion, leptin levels reflect total
body fat mass, and although visceral fat is known to
predict reduced insulin sensitivity independently, leptin did not. Our data thus suggest that diverse mechanisms are responsible for the regulation of total body
versus visceral fat distribution, with its metabolic and
health risks. Diabetes 45:1635-1637, 1996

close association of visceral fat with insulin resistance
and adaptive hyperinsulinemia (4,5).
African-American women have the highest incidence
of obesity and obesity-related morbidities, including
NIDDM (6). As in Caucasians, body fat distribution
appears to predict the frequencies of these morbidities
(7-10). Our preliminary data in African-American women
indicate a close link between visceral fat and adverse
metabolic profiles (A.D., M.I.H., and A.H.K., unpublished
observations).
Recent studies have identified the soluble factor leptin
(the ob gene product), which is synthesized and secreted
by adipose tissue and which is claimed to signal satiety
and its associated hormonal adjustments, including
insulin secretion (11). The present study was undertaken
in a cohort of healthy premenopausal African-American
women in whom total body and visceral fat were determined, along with insulin sensitivity. The aim was to evaluate the relationship of these measurements to plasma
leptin levels and consequently address the potential prediction of obesity-related risks in this ethnic group.
RESEARCH DESIGN AND METHODS

I

n Caucasian women, abdominal body fat localization is a predictor of a cluster of adverse metabolic
profiles, including glucose intolerance, dyslipidemias, hypertension, and their cardiovascular
risks (1-3). This relationship is independent of and additive to that due to degree of overweight and is mediated
by a close link with visceral fat. The mechanisms underlying the adverse metabolic profiles are dependent on the
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CT, computerized tomography; CV, coefficient of variation; DEXA,
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waist-to-hip ratio.

DIABETES, VOL. 45, NOVEMBER 1996

Subjects. We recruited 34 healthy African-American women, selected to be
premenopausal, 20-45 years of age, and to have a wide range of BMIs
(kg/m2) and waist-to-hip ratios (WHRs). Laboratory studies were performed
to confirm normal kidney, liver, and thyroid function. An oral glucose tolerance test was also done to exclude diabetes. All subjects had maintained stable body weight for at least 2 months before testing and were not on any
medications. Subjects were stabilized on an isocaloric diet consisting of 50%
carbohydrate, 30% fat, and 20% protein, with 300 mg/day cholesterol. Metabolic studies were performed during the first 10 days after menstruation.
Studies were performed at the General Clinical Research Center. Study participants signed a written consent approved by the Human Research Review
Committee of the Medical College of Wisconsin.
Procedures
Anthropometric measurements. Measurements of BMI and WHR were
performed by a single investigator. Fat distribution within the abdomen (visceral fat) was determined by computerized tomography (CT). Three contiguous slices were measured, with the center slice at the midplane of the
fourth lumbar vertebra. The mean of three readings was used for analysis
(12). Total body fat mass was determined by dual-energy X-ray absorptiometry (DEXA) (13). Whole-body scans were taken from a Norland scanner
with the patient in a supine position.
Insulin sensitivity. The insulin-modified intravenous glucose tolerance
test (minimal model) was used to assess insulin sensitivity (14). After a 12-h
overnight fast, cannulae were placed in both antecubital veins. A bolus of
50% glucose solution (0.3 g/kg) was injected at time 0, and a bolus (0.05
LVkg) of regular human insulin (Eli Lilly, Indianapolis, IN) was given at 20
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TABLE 2
Relationship of anthropometric variables to Sl in AfricanAmerican women

TABLE 1
Subject characteristics
Mean ± SE

Range
Measurement

Age (years)
Weight (kg)
BMI (kg/m2)
WHR
Fasting plasma glucose (mmol/1)
Fasting insulin (pmol/1)

33.2 ± 5.8
81.3 ± 21.2
30.2 ± 7.5
0.82 ± 0.05
5.16 ±0.49
104.4 ± 136.2

22-46
51.1-124.3
17.4-41.8
0.72-0.95
4.1-6.7
25.8-854.4

BMI
WHR
Total fat mass (DEXA)
Visceral fat volume (CT)

rvalue
0.57*
0.57*
0.59*
0.68*

*P < 0.01.

min. Blood samples were taken at the following times: -15, -5, 2, 4, 6, 8, 10,
12, 14, 16, 19, 22, 24, 30, 40, 50, 70, 100, 120, and 180 min; and they were analyzed for glucose and insulin.
Plasma leptin levels. After an overnight fast, blood samples were drawn
at -30, -15, and 0 min for leptin. Blood samples were spun and stored at
-70°C before leptin assay.
Analytical procedures. Plasma glucose was measured by the glucose oxidase method with a Beckman analyzer (Brea, CA). Plasma insulin and leptin
concentrations were measured in triplicate using solid-phase 125I-radioimmunoassays (Linco Research, St. Charles, MO), and samples for quality control were included in each assay. The commercial leptin assay has recently
been detailed (15). At low serum leptin concentrations (4.9 ug/1), our intraand interassay coefficients of variation (CVs) were 6.2 and 13.8%, respectively,
while at higher leptin concentrations (25.6 ug/1), the intra- and interassay CVs
were 5.5 and 8.8%, respectively. Insulin sensitivity index (S1,) was determined
using the MINMOD computer program of R. Bergman, version 3.0 (16).
Statistical analyses. Simple linear correlations and Pearson's partial correlations were performed using the Stata program, Windows version 4.0 for IBM.

correlated with plasma leptin levels (r = -0.419, P < 0.05;
Table 3). When adjusted for influences of total body fat
mass, the relationships between leptin levels and either
visceral fat or S{ were no longer discernible.

DISCUSSION
Our study shows that in African-Americans, as in Caucasians, fasting plasma leptin levels are correlated with
BMI (17). More importantly, leptin levels are strongly correlated with the more precise measurements of total
body fat mass. The close association between body fat
mass and leptin levels indicates the latter's relationship
to energy balance and is in accordance with its proposed
role as a satiety factor (11,17). The mechanism responsible for regulation of energy balance and satiety thus
appears to involve similar pathways in both AfricanRESULTS
Americans and Caucasians. Furthermore, our results
Thirty-four female African-American subjects were stud- show that obesity in African-Americans, as in the majoried. Their characteristics are shown in Table 1. Their ity of Caucasians, is accompanied by leptin resistance
BMIs ranged from 22 to 46 kg/m2 and WHRs from 0.72 to rather than leptin deficiency (18).
0.95. Fasting plasma glucose and insulin levels ranged
Our study showed that, as in Caucasians, visceral fat is
from 4.1 to 6.7 mmol/1 and 25.8 to 854.4 pmol/1, respec- a strong predictor of insulin resistance, the hallmark of
tively.
the adverse metabolic profile in abdominal obesity (4).
Table 2 shows the relationship between the anthropo- The poorer correlation between body fat distribution and
metric measurements and the insulin sensitivity index the metabolic profile that has been observed in previous
(S,). In this cohort, Sl varied between 1.2 and 38.4 x 10"4 studies (19) might thus be due to less precise measuremin"1 per pmol/1. Both BMI and WHR were significantly ments rather than to racial and/or genetic effects. Details
correlated with SY and remained so when corrected for of this part of our study and their implications will be
each other (r = 0.515, P < 0.01, and r = 0.48, P < 0.01, addressed elsewhere.
respectively). The DEXA-measured total fat mass and the
Leptin levels predict neither size of visceral fat nor
CT-measured visceral fat volume were also significantly insulin sensitivity in African-American women. This sugcorrelated with Sv The correlation between S} and vis- gests that in contrast to total body fatness, visceral fat
ceral fat also remained significant when adjusted for and body fat distribution are probably determined via diftotal body fat mass (r = 0.44, P < 0.05).
ferent mechanisms that do not involve the leptin pathTable 3 shows the relationship of total body and vis- ways. Insulin sensitivity, the functional defect linked to
ceral fat mass to plasma leptin levels. In this cohort, fast- visceral fat and its associated adverse metabolic compliing plasma leptin levels ranged from 1.4 to 57.1 ng/ml and cations, is also independent of the leptin levels.
were significantly correlated with BMI (r = 0.719, P <
0.001). The DEXA-determined total body fat mass, how- TABLE 3
ever, was a stronger correlate of the plasma leptin level The relationship of leptin levels to anthropometric or meta(r = 0.797, P < 0.001; Fig. LA). When the relationship bolic variables in African-American women
between total fat mass and leptin was corrected for BMI,
r adjusted for
it remained significant (r = 0.471, P = 0.01). The total fat
total fat mass
Unadjusted
r
mass thus appears to explain the relationship between
BMI and leptin, but BMI only explains part of the rela- Total fat mass
0.797*
tionship between whole body fat mass and leptin.
0.03
Visceral fat volume
0.542*
The CT-determined visceral fat (visceral fat) volume
0.04
-0.419t
was also correlated with plasma leptin levels (r = 0.542,
P < 0.001; Fig. IB). Furthermore, S{ was also significantly *P < 0.001, tP < 0.05.
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FIG. 1. A: correlation between leptin levels and total body fat.
Total body fat, assessed in 34 African-American women by DEXA
as described in METHODS, was correlated with fasting plasma leptin

levels (r = 0.797, P < 0.001). B: correlation between leptin levels
and visceral fat. Visceral fat, assessed in 30 African-American
women by CT as described in METHODS, was correlated with fasting

plasma leptin levels (r = 0.542, P < 0.001).

Visceral fat is the most metabolically active adipose
tissue depot. Its enhanced lipolysis and consequent
high-free fatty acid flux are closely linked to the mechanisms underlying the adverse metabolic profile, including insulin resistance, glucose intolerance, reduced
hepatic insulin extraction, dyslipidemia, and possibly
hypertension (20).
In conclusion, our study suggests that diverse mechanisms may be responsible for the regulation of obesity
levels and body fat distribution, along with their associated metabolic and health risks. Defining those mechanisms should help research aimed at unraveling the
genetics and biology of the obesity phenotypes.
ACKNOWLEDGMENTS

These studies were supported by National Institutes of
Health grant HL-34989 and General Clinical Research
Center grant RR-00058.

DIABETES, VOL. 45, NOVEMBER 1996

1. Peiris AN, Sothmann MS, Hennes MI, Lee MB, Wilson CR, Gustafson AB,
Kissebah AH: Relative contribution of obesity and body fat distribution
to alterations in glucose insulin homeostasis: predictive values of
selected indices in premenopausal women. Am J Clin Nutr 49:758-764,
1989
2. Peiris AN, Sothmann MS, Hoffmann RG, Hennes MI, Wilson CR,
Gustafson AB, Kissebah AH: Adiposity, fat distribution and cardiovascular risk. Ann Intern Med 110:867-872, 1989
3. Larsson B, Bjorntorp P, Tibblin G: The health consequences of moderate
obesity. Int J Obesity 5:97-116, 1981
4. Kissebah A, Vydelingum N, Murray R, Evans D, Hartz A, Kalkhoff RK,
Adams PW: Relation of body fat distribution to metabolic complications
of obesity. J Clin Endocrinol Metab 54:254-260, 1982
5. Kissebah AH : Regional body fat distribution and morbidity: biologic connection to NIDDM. In Hormones, Thermogenesis, and Obesity. Lardy
AH, Ed. New York, Elsevier, 1989, p. 77-91
6. Haffner SM, Stern MP, Hazuda HP, Rosenthal M, Knopp JA, Malina RM:
Role of obesity and fat distribution in noninsulin-dependent diabetes
mellitus in Mexican Americans and non-Hispanic whites. Diabetes Care
9:153-161, 1986
7. Fujimoto WY, Newell-Morris LL, Grote M, Bergstrom RW, Shuman WP:
Visceral fat obesity and morbidity: NIDDM and atherogenic risk in Japanese American men and women. Int J Obesity 15 (Suppl. 2):41-44, 1991
8. Pi-Sunyer FX: Obesity and diabetes in blacks. Diabetes Care 13 (Suppl.
4): 1144-1149, 1990
9. Svec F, Rivera M, Huth M: Correlation of waist to hip ratio to the prevalence of diabetes and hypertension in black females. J Natl Med Assoc
82:257-261, 1990
10. Osei K, Cottrell DA, Bosetti B: Relationships of obesity indices to serum
insulin and lipoproteins in relatives of black patients with noninsulindependent diabetes (NIDDM). Int J Obesity 15:441-451, 1991
11. Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM: Positional cloning of the mouse obese gene and its human homologue. Nature
372:425-432, 1994
12. Borkan GA, Gerzof SG, Robbins AH, Hults DE, Silbert CK, Silbert JE:
Assessment of abdominal fat content by computed tomography. Am J
Clin Nutr 36:172-177, 1982
13. Mazess RB, Barden HS, Bisek JP, Hanson J: Dual-energy x-ray absorptiometry for total-body and regional bone-mineral and soft-tissue composition. Am J Clin Nutr 51:1106-1112, 1990
14. Finegood DT, Hramiak IM, Dupre J: A modified protocol for estimation
of insulin sensitivity with the minimal model of glucose kinetics in
patients with insulin-dependent diabetes. J Clin Endocrinol Metab
70:1538-1549, 1990
15. Ma Z, Gingerich RL, Santiago JV, Klein S, Smith CH, Landt M: Radioimmunoassay of leptin in human plasma. Clin Chem 42:942-946, 1996
16. Bergman RN, Ider YZ, Bowden CR, Cobelli C: Quantitative estimation of
insulin sensitivity. AmJ Physiol 236:E667-E677, 1979
17. Maffei M, Halaas J, Ravussin E, Pratley RE, Lee GH, Zhang Y, Fei H, Kim
S, Lallone R, Ranganathan S, Kern PA, Friedman JM: Leptin levels in
human and rodent: measurement of plasma leptin and ob RNA in obese
and weight-reduced subjects. Nature Med 1:1155-1161, 1995
18. Considine RV, Sinha MK, Heiman ML, Kriaucinas A, Stephens TW, Nyce
MR, Ohannesian JP, Marco CC, McKee LM, Bauer TL, Caro JF: The protein product of Ob gene is elevated in human obesity: effect of weight
loss, fasting and feeding. N EnglJ Med 334:292-295, 1996
19. Dowling HJ, Pi-Sunyer FX: Race-dependent health risks of upper body
obesity. Diabetes 42:537-543, 1993
20. Kissebah AH, Krakower GR: Regional adiposity and morbidity. Physiol
Rev 74:761-811, 1994

1637

