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Abstract

 

Insulin resistance and insulin hypersecretion are established

features of obesity. Their prevalence, however, has only

been inferred from plasma insulin concentrations. We mea-

sured insulin sensitivity (as the whole-body insulin-medi-

ated glucose uptake) and fasting posthepatic insulin deliv-

ery rate (IDR) with the use of the euglycemic insulin clamp

technique in a large group of obese subjects in the database

of the European Group for the Study of Insulin Resistance

(1,146 nondiabetic, normotensive Caucasian men and

women aged 18–85 yr, with a body mass index (BMI) rang-

ing from 15 to 55 kg·m

 

2

 

2

 

). Insulin resistance, defined as the

lowest decile of insulin sensitivity in the lean subgroup (608

subjects with BMI 

 

# 

 

25 kg·m

 

2

 

2

 

), was present in 26% of the

obese subgroup (538 subjects with a mean BMI of 29

kg·m

 

2

 

2

 

). Insulin sensitivity declined linearly with BMI at an

age- and sex-adjusted rate of 1.2 

 

m

 

mol·min

 

2

 

1

 

·kg FFM

 

2

 

1

 

 per

BMI unit (95% confidence intervals 

 

5

 

 1.0–1.4). Insulin hy-

persecretion, defined as the upper decile of IDR, was signif-

icantly (

 

P 

 

,

 

 0.0001) more prevalent (38%) than insulin re-

sistance in the obese group. In the whole dataset, IDR rose

as a function of both BMI and insulin resistance in a nonlin-

ear fashion. Neither the waist circumference nor the waist-

to-hip ratio, indices of body fat distribution, was related to

insulin sensitivity after adjustment for age, gender, and

BMI; both, however, were positively associated (

 

P

 

 

 

,

 

 0.001)

with insulin hypersecretion, particularly in women.

In nondiabetic, normotensive obese subjects, the preva-

lence of insulin resistance is relatively low, and is exceeded

by the prevalence of insulin hypersecretion, particularly in

women with central obesity. In the obese with preserved in-

sulin sensitivity, risk for diabetes, cardiovascular risk, and

response to treatment may be different than in insulin resis-

tant obesity. (

 

J. Clin. Invest.

 

 1997. 100:1166–1173.) Key
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Introduction

 

Obesity is the insulin resistant state par excellence. The first
demonstration, by Rabinowitz and Zierler (1), of resistance to
insulin stimulation of glucose uptake was obtained in the fore-
arm of obese subjects. In obese as well as in nonobese subjects,

the presence of insulin resistance signals the concomitance of
other metabolic and hemodynamic abnormalities, a cluster
known as the insulin resistance syndrome (2). Cardiovascular
morbidity and mortality are increased in obese individuals in-
dependently of other risk factors (3). Mounting (4–7), though
not fully consistent (8) evidence indicates that hyperinsuline-
mia, a surrogate of insulin resistance, is an independent predic-
tor of cardiovascular disease. A logical corollary of these find-
ings is that insulin resistance is responsible for the heightened
cardiovascular risk of the obese.

The prevalence of insulin resistance in obesity is not
known. In Pima Indians (9), insulin sensitivity, measured by
the euglycemic clamp technique, has been shown to decline
with increasing body mass index (BMI).

 

1

 

 The function was,
however, nonlinear, with most of the decrement in insulin sen-
sitivity occurring for small increments in BMI. In other studies
of insulin resistance in obesity, the groups were generally too
small to assess its prevalence (10–12). Furthermore, the obese
groups often included subjects with impaired glucose toler-
ance, a condition itself associated with insulin resistance. In the
present work, we have estimated the prevalence of insulin re-
sistance in obesity from the database of the European Group
for the Study of Insulin Resistance (EGIR). This database, in-
cluding data from 1,146 healthy Caucasian men and women
aged 18–85 yr, is the largest so far in which insulin action has
been measured by the euglycemic insulin clamp technique.

Insulin hypersecretion is another key feature of obesity
(13). Much research, in experimental animals as well as in hu-
mans, has been devoted to the loss of appetite regulation that
leads to chronic overfeeding (14, 15). The rising incidence of
obesity (16) has focused attention on its etiology in societies
with westernized lifestyle. The prevalence of insulin hyperse-
cretion in obesity, however, is likewise not known. Therefore,
another aim of this study was to derive, from the EGIR data-
base, estimates of insulin hypersecretion and its correlates.

 

Methods

 

Subjects.

 

Twenty clinical research centers in Europe (three in Fin-
land, one in Sweden, one in United Kingdom, one in Denmark, four
in Germany, one in Switzerland, seven in Italy, one in Yugoslavia and
one in Greece) contributed between 21 and 122 cases each. These
centers agreed to provide their available clamp studies (whatever the
original purpose of these studies) on the condition that the study sub-
jects met the following criteria: (

 

a

 

) no clinical or laboratory evidence
of cardiac, renal, liver, or endocrine disease; (

 

b

 

) a fasting plasma glu-
cose concentration 

 

,

 

 6.7 mmol/liter and normal glucose tolerance by
WHO criteria (17), (

 

c

 

) normal blood pressure (

 

,

 

 160/95 mmHg), (

 

d

 

)
no recent change (

 

$ 

 

10%) in body weight, and (

 

e

 

) no current medica-
tion. Of the 1,146 subjects in the present series (766 men and 380
women), 425 were recruited in northern Europe (Sweden, Finland,
and the United Kingdom), 289 in central Europe (Denmark, Ger-
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many, and Switzerland), and 432 in southern Europe (Italy, Yugosla-
via, and Greece). At each center, the protocol was reviewed and ap-
proved by the local Ethics Committee, and informed consent was
obtained from all subjects before their participation. The analysis by
age of the present data has been reported previously (18).

 

Protocol.

 

The minimum of information required for each case in-
cluded the following variables: age, anthropometric variables, fasting
and steady-state (final 40 min of a 2-h clamp, see below), and plasma
glucose and insulin measurements. Height was measured to the near-
est centimeter, weight to the nearest kilogram. BMI was calculated as
the weight divided by the square of height. The waist-to-hip circum-
ference ratio (WHR) was determined (in a subset of 529 subjects, 372
men and 157 women) by measuring the waist circumference at the
narrowest part of the torso, and the hip circumference in a horizontal
plane at the level of the maximal extension of the buttocks.

Insulin action was measured in all subjects by the euglycemic
insulin clamp technique (19) using an insulin infusion rate of
1 mU·min

 

2

 

1

 

 per kg of body weight (7 pmol·min

 

2

 

1

 

·kg

 

2

 

1

 

). In brief,
polyethylene cannulas were inserted into an antecubital vein (for the
infusion of glucose and insulin) and retrogradely into a wrist vein
heated at 60

 

8

 

C in a hot box or a heating pad (for intermittent blood
sampling of arterialized venous blood). At time zero, a primed-con-

stant infusion of regular insulin was begun, and continued for 120
min. 4 min into the insulin infusion, an exogenous glucose infusion
was started, and adjusted every 5–10 min to maintain plasma glucose
within 

 

z

 

 10% of its baseline value. Blood samples were obtained at
timed intervals in the fasting state and during the clamp, for the mea-
surement of plasma glucose and insulin levels.

 

Analytical procedures.

 

Plasma glucose was measured by the glu-
cose oxidase method. Plasma insulin concentrations were measured
by radioimmunoassay.

 

Data analysis.

 

Insulin action was expressed as the whole-body
glucose disposal rate during steady-state euglycemic hyperinsuline-
mia. With the insulin dose used in the current study, hepatic glucose
output has been previously shown to be fully suppressed in old as well
as young subjects (20, 21). Therefore, glucose disposal (M value) was
calculated from the exogenous glucose infusion rate during the last 40
min of the 2-h clamp after correction for changes in glucose concen-
tration in a total distribution volume of 250 ml·kg

 

2

 

1

 

. Whole-body glu-
cose disposal was normalized per kg of body weight (M

 

bw

 

) or per kg
of fat-free mass (M

 

ffm

 

), as calculated by Hume’s formula (22). In 542
subjects, a direct measurement of fat-free mass had been made with
the use of electrical bioimpedance or the labeled water technique
(which are largely equivalent methods [23]). In this subgroup, ob-

 

Table I. Population Characteristics

 

Lean Obese

Men Women Men Women

 

P

 

*

 

n

 

388 220 376 162

Age (yr) 39

 

6

 

17 38

 

6

 

16 47

 

6

 

15 45

 

6

 

15 a

Height (cm) 177

 

6

 

8 166

 

6

 

8 174

 

6

 

8 165

 

6

 

9 a,b

Weight (kg) 71

 

6

 

8 61

 

6

 

7 87

 

6

 

13 84

 

6

 

16 a,b,c

BMI (kg

 

?

 

m

 

2

 

2

 

) 22.8

 

6

 

1.6 22.2

 

6

 

1.8 28.8

 

6

 

3.9 30.6

 

6

 

5.7 a,b,c

Fat-free mass (kg) 53

 

6

 

5 42

 

6

 

5 58

 

6

 

5 50

 

6

 

7 a,b,c

Waist (cm) 86

 

6

 

7 81

 

6

 

9 100

 

6

 

11 100

 

6

 

14 a,c

Hip (cm) 97

 

6

 

8 96

 

6

 

6 107

 

6

 

10 110

 

6

 

11 a

WHR (cm/cm) 0.88

 

6

 

0.06 0.80

 

6

 

0.08 0.93

 

6

 

0.09 0.89

 

6

 

0.09 a,b,c

*Values are mean

 

6

 

1 SD; 

 

P

 

 values for the effect of obesity and gender by two-way analysis of variance: a 

 

5

 

 

 

P

 

 

 

,

 

 0.01 or less for the effect of obesity;

b 

 

5

 

 

 

P

 

 

 

,

 

 0.05 or less for the effect of gender; c 

 

5

 

 

 

P

 

 

 

,

 

 0.05 or less for the interaction obesity x gender.

 

Table II. Metabolic Characteristics

 

Lean Obese

Men Women Men Women

 

P

 

*

 

FPG (mmol/liter) 4.99

 

6

 

0.49 4.93

 

6

 

0.42 5.20

 

6

 

0.53 5.04

 

6

 

0.52 a,b

FPI (

 

m

 

U/ml) 7 (17) 7 (18) 10 (47) 11 (44) a

SSPI (

 

m

 

U/ml) 63 (89) 62 (75) 74 (135) 74 (150) a

M

 

bw

 

 (

 

m

 

mol

 

?

 

min

 

2

 

1

 

?

 

kg

 

2

 

1)

 

39.5

 

6

 

12.0 36.6

 

6

 

11.6 30.7

 

6

 

12.5 27.0

 

6

 

12.9 a,b

M

 

ffm

 

 (

 

m

 

mol

 

?

 

min

 

2

 

1

 

?

 

kg

 

2

 

1)

 

52.6

 

6

 

16.0 53.2

 

6

 

16.7 45.5

 

6

 

17.6 43.9

 

6

 

19.6 a

M

 

bw

 

/I 9.6

 

6

 

3.0 8.9

 

6

 

2.8 7.3

 

6

 

3.0 6.4

 

6

 

3.3 a,b

M

 

ffm

 

/I 12.8

 

6

 

4.0 12.8

 

6

 

4.0 10.8

 

6

 

4.2 10.5

 

6

 

5.0 a

CR

 

i

 

 (liter

 

?

 

min

 

2

 

1

 

) 1.11 (1.59) 0.96 (1.3) 1.16 (2.40) 1.10 (2.44) a,b,c

IDR (mU

 

?

 

min

 

2

 

1

 

) 7.6 (25) 6.8 (26) 11.9 (70) 12.0 (50) a

FPG, fasting plasma glucose concentration; FPI, fasting plasma insulin concentration; SSPI, steady-state plasma insulin concentration; M

 

bw

 

, M value

normalized by body weight; M

 

ffm

 

, M value normalized by fat-free mass; M

 

bw

 

/I, M

 

bw

 

 divided by the natural logarithm of SSPI (in mmol?min21?kg21 per

mU/ml); Mffm/I, Mffm divided by the natural logarithm of SSPI (in mmol?min21?kg21 per mU/ml); CRi, metabolic clearance rate of insulin; IDR, fasting

posthepatic insulin delivery rate. *Values are mean61 SD; for FPI, SSPI, MCRi, and IDR, values are the geometric mean (range in parenthesis); P

values for the effect of obesity and gender by two-way analysis of variance: a 5 P , 0.01 or less for the effect of obesity; b 5 P , 0.05 or less for the

effect of gender; c 5 P , 0.05 or less for the interaction obesity x gender.
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served and expected values of fat-free mass were highly correlated
(r 5 0.82, P , 0.0001). Additionally, insulin action was expressed as
the M/I ratio, i.e., the ratio of M to the steady-state plasma insulin
concentration (19).

The posthepatic clearance rate of plasma insulin (CRi) was com-
puted as the ratio of the insulin infusion rate by the steady-state
plasma insulin concentration (24). Fasting posthepatic insulin deliv-
ery rate (IDR) was then obtained as the product of posthepatic insu-
lin clearance by fasting plasma insulin concentration (25).

For statistical analysis, insulin concentration, clearance rate, and
posthepatic delivery rate values were tranformed into their natural
logarithms to normalize their distribution. Normality of frequency
distribution functions was tested by the Shapiro-Wilk W test. Data
are given as mean6SD. A dummy variable was introduced to account
for between-center differences, and was included in all regression
models. Proportions were compared by the x2 test. Two-way
ANOVA, simple and multiple regression analyses were carried out
by standard techniques. 95% confidence intervals (CI) were calcu-
lated for regression coefficients.

Results

By defining obesity as a BMI # 25 kg·m22, 47% of the subjects
(42% of women and 49% of men) in the present series were
obese (Table I). As compared to the lean group, both obese
women and obese men were older. In addition, the obese sub-
jects had higher waist and hip circumferences, waist-to-hip ra-
tios, fasting plasma glucose, fasting and steady-state plasma in-
sulin concentrations, and posthepatic plasma insulin clearance
rates (Table II). By all indices of insulin sensitivity, the obese
were insulin-resistant as a group. Of note, the average differ-
ence in insulin sensitivity between the obese and the lean
group was 24–34% by the indices based on body weight (Mbw

and Mbw/I, respectively), but was only 15–25% according to the
indices based on fat-free mass (Mffm and Mffm/I). By the latter,
the gender difference in insulin resistance was canceled. The
distribution of Mffm deviated from a normal distribution in
both lean and obese subjects (P , 0.01 for both) due to an ex-
cess of low values; in the obese group, the distribution was
shifted to the left as compared to the lean group (Fig. 1). Post-
hepatic insulin delivery (IDR) was 80% larger in obese than in
lean subjects, with little gender difference. The distribution of
log-transformed IDR values in obese individuals was shifted to
the right of that of the lean subjects (Fig. 1). 

When insulin resistance was defined as the bottom 10% of
Mffm values in the lean group, 26% of all obese subjects were
insulin resistant. In particular, the frequency of insulin resis-
tance was 19% in subjects with a BMI , 30 kg·m22 and 34% in
subjects with a BMI , 35 kg·m22, reaching 60% only in sub-
jects with a BMI . 35 kg·m22 (Fig. 2). Different definitions of
obesity (lower quartile of BMI distribution) or insulin resis-
tance (lower quartile of Mffm distribution) resulted in preva-
lence ratios of insulin resistance in obese vs. lean subjects in
the range 2.3–3.3. Using the upper 10% of fasting plasma insu-
lin concentrations in the lean group, the frequency of hyperin-
sulinemia in the obese group was 41% (32, 57, and 77%, re-
spectively, in the three BMI groups) (Fig. 2).

Figure 1. Frequency distribution plots of insulin sensitivity (as the 
Mffm, top) and fasting posthepatic insulin delivery rate (as the natural 
logarithm of IDR, bottom) in lean and obese subjects. Lines are poly-
nomial functions only used for the purpose of outlining the two distri-
butions. By the Shapiro-Wilk W test, the distribution function of in-
sulin sensitivity deviates from normality in both obese and lean 
subjects, whereas the corresponding functions for log-transformed 
IDR do not. Filled circles, lean; open circles, obese.

Figure 2. Prevalence rates of insulin resistance, hyperinsulinemia, 
and insulin hypersecretion (all defined as the top decile of the respec-
tive distributions in lean subjects) as a function of the BMI. Black 

bars, hyperinsulinemia; light gray bars, insulin resistance; dark gray 

bars, hypersecretion.



Insulin Resistance and Obesity 1169

In the whole group, insulin sensitivity (as the Mffm) de-
clined linearly with increasing BMI, at an age-adjusted rate of
1.2 mmol·min21·kgFFM21 per BMI unit (CI 5 1.0–1.4, P ,

0.0001), with no sex difference (Fig. 3). Thus, a body weight
difference of 10 BMI units (5 30 kg for a height of 173 cm)
translated into a 25% decrement in insulin sensitivity (from a
mean group value of 49 mmol·min21·kgFFM21). Of note is that
insulin-mediated glucose disposal, when expressed as the
whole-body rate (mmol per min) normalized only by the
steady-state plasma insulin concentration, was weakly related
to BMI, a decline being evident for BMI over 28 kg·m22 in
men and 30 kg·m22 in women (Fig. 3).

By defining the lean subjects in the top 10% of the distribu-
tion of posthepatic insulin delivery rate as hypersecretors,
there were significantly more hypersecretors (38%, x2 5 22.1,
P , 0.0001) than insulin-resistant subjects in the obese group.
In particular, the frequency of insulin hypersecretion was 28%
in subjects with a BMI , 30 kg·m22, 49% in subjects with a

BMI , 35 kg·m22, and 80% in subjects with a BMI . 35
kg·m22 (Fig. 2).

The simultaneous dependence of fasting posthepatic insu-
lin delivery rate on BMI and insulin sensitivity was analyzed by
multiple regression. In a model adjusting by age and gender,
BMI and Mffm were independently related to insulin delivery
rate (P , 0.0001 for both, total explained variance 5 36%).
The model-predicted changes in insulin delivery as a function
of Mffm in a subject with a BMI of 22.5 kg·m22 (i.e., the mean
value of the lean subgroup), in a subject with a BMI of 29.3
kg·m22 (ie., the mean value of the obese subgroup), and in a
very obese person (BMI 5 36.0 kg·m22) are plotted in Fig. 4 to
illustrate the highly nonlinear nature of this dependence.

In men as well as in women, the waist-to-hip ratio increased
with increasing BMI; the relationship, however, flattened for
BMI values greater than z 28 kg·m22, whereas the waist cir-
cumference was quasi-linearly related to BMI over the entire
range (Fig. 5). Neither the waist circumference nor WHR was
related to any index of insulin sensitivity (Mffm or Mbw or their
ratios to insulin) after adjustment for age, sex, and BMI (Table
III). The same result was obtained when this model was run on
the lean or the obese dataset separately. In contrast, insulin de-
livery rate increased significantly (P , 0.0001) as a function of
WHR, considerably more in women than in men (Fig. 6). Fi-
nally, in a multivariate model with age, sex, BMI, WHR (or
waist circumference), and insulin sensitivity (explaining 45%
of the total variance of insulin delivery), high values of BMI
and of WHR (or waist circumference) were both significant
predictors of higher values of insulin delivery rate (Table III).
With this model, 0.1 U of WHR had an equivalent effect on in-
sulin delivery as one BMI U or 20 U of Mffm.

In the whole dataset, insulin sensitivity (as Mffm) was in-
versely related to fasting plasma insulin concentration (with a
regression coefficient of 11 mmol·min21·kg FFM21 per ln[mU/
ml], CI 5 9–13, P , 0.0001) (Fig. 7). This relationship was in-
dependent of age and sex. As shown in Fig. 7 for six centers

Figure 3. Insulin sensitivity (as the insulin-mediated glucose disposal 
rate normalized by kg of fat-free mass) and total insulin-mediated 
glucose disposal (normalized by the steady-state plasma insulin con-
centration) by decile of BMI and by sex (women, filled circles; men, 
empty squares). The thick lines are sex-specific linear (for insulin sen-
sitivity) or polynomial (for total glucose disposal) interpolating func-
tions.

Figure 4. Posthepatic insulin delivery rates as a function of insulin 
sensitivity in a lean population (BMI 5 23 kg·m22), in an obese popu-
lation (BMI 5 29 kg·m22), and in a very obese population (BMI 5 36 
kg·m22). Data calculated from the whole dataset by a multiple regres-
sion model adjusting for age, gender, and body mass index.
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(for a total of 499 subjects), the relation between Mffm and fast-
ing insulin was remarkably similar across centers. Thus, be-
tween-center variability of insulin measurements did not affect
the pattern of relationship of the variables based on plasma in-
sulin concentration (similar results for CRi and IDR not
shown).

Discussion

This large series of Caucasian subjects of all ages living in Eu-
rope were selected for having normal glucose tolerance and ar-
terial blood pressure levels. Though not a random sample of
the European population, this group still resembles a general
population in many respects, particularly the age-dependence
of metabolic parameters (18).

Even in the lean segment of our cohort, insulin sensitivity
was found to vary over a very wide range. For the purpose of
this analysis, overweight, obesity, and massive obesity, which
are commonly regarded as weight disturbances of increasing
severity, were lumped together by the cut-off of a BMI . 25
kg·m22. Having thus defined normal body weight as a BMI
# 25 kg·m22, obesity was found to be associated with a statisti-
cally highly significant reduction in insulin sensitivity, as ex-
pected. Three novel aspects, however, emerge from the data.
First, the severity of insulin resistance in obesity was overesti-
mated when insulin-mediated glucose uptake was normalized
by body weight (as is often done). Under euglycemic clamp
conditions, over 70% of total glucose uptake occurs in skeletal
muscle (26); fat tissue, being . 95% triglyceride mass, contrib-
utes much to body weight but little to total glucose disposal.
When insulin-mediated glucose use was normalized by the
metabolically active (lean) mass, the obese group was only 15–
25%, on average, less sensitive to insulin than the lean group,
with no difference between men and women (Table II). Sec-
ond, the prevalence of insulin resistance among the obese sub-
jects was surprisingly low: only one in four subjects was as re-
sistant as the bottom decile of the lean group. Even in the
presence of definite obesity (BMIs of 28–50 kg·m22), only one
in two individuals was insulin-resistant. Regression analysis
showed that a rather large difference in body weight (30 kg)
was associated with only a modest (25%) decrement in insulin
sensitivity. Thus, we conclude that the quantitative impact of
obesity on insulin action in otherwise healthy subjects is not as
large as previously thought. In some studies, the inclusion of
obese subjects with glucose intolerance or high blood pressure,
which themselves carry a quota of insulin resistance (11, 27),
may have led to overestimating the influence of obesity per se

Figure 5. Relationship between the waist-to-hip ratio (top) or the waist 
circumference (bottom), and the BMI (quartiles) in men and women.

Figure 6. Relationship between posthepatic insulin delivery rate and 
the waist-to-hip ratio (quartiles) in men and women.

Table III. Multiple Regression Analysis

Mffm Insulin delivery rate

Stdz RC P Stdz RC P

Age 20.29 0.51 20.165 0.0001

Sex 0.047 0.28 0.056 0.14

BMI 21.17 0.0001 0.579 0.0001

WHR 0.007 0.88 0.117 0.0001

Mffm 20.099 0.01

Explained variance 14% 45%

Models were run in the subgroup of 529 subjects in whom WHR mea-

surements were available. Stdz RC, standardized regression coefficient,

adjusted by center.
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on insulin sensitivity. Normalizing insulin-mediated glucose
uptake by body weight rather than lean mass and/or using
plasma insulin concentrations as a surrogate measure of insulin
sensitivity (Fig. 1) may have contributed to this overestimate.
Third, when whole-body glucose uptake was expressed in ab-
solute terms, the impact of BMI was marginal (Fig. 3). This
finding reflects the fact that fat-free mass is expanded in the
obese (Table I); though relatively resistant to the action of in-
sulin, this excess fat-free tissue is metabolically active and con-
tributes to glucose tolerance. Conversely, to the extent that
weight reduction includes loss of fat-free tissue, this compensa-
tory adjustment is lost.

A relevant question is why a high proportion of obese sub-
jects are not insulin resistant. One possibility is that the high
rate of conversion of insulin resistance into impaired glucose
tolerance and overt diabetes (28) may have removed many
obese individuals from a cohort selected on the basis of nor-
mal glucose tolerance. The size of such a bias cannot be esti-
mated from our data. Another possibility is that in some indi-
viduals weight gain occurs in ways or at sites that do not
interfere with insulin action on glucose uptake. A strong can-
didate mechanism for this is fat distribution (29). In the
present series, however, there was little effect of fat distribu-
tion, as measured by the WHR or the waist circumference, on
insulin sensitivity when simultaneously accounting for BMI.
Numerous studies have found a separate influence of fat mass
and fat distribution (particularly visceral) on insulin sensitiv-
ity (30, 31). Study groups, however, have generally been small
(30, 32), have only included women (30, 33, 34), have used
computerized tomography to estimate abdominal fat (30), or
have inferred insulin sensitivity from plasma insulin measure-
ments (35). Furthermore, in population-based surveys (such
as the San Antonio Heart Study), a high WHR segregated
strongly with arterial blood pressure, particularly in men (36).
Thus, the inclusion of borderline or mild hypertensives into
obese groups may bias the association of insulin resistance
with fat distribution. To the extent that the WHR and waist
circumference are markers for abdominal adipose mass (37),
the present data do not indicate that in obese men and women
(selected for having normal glucose tolerance and blood pres-

sure) gross fat distribution impairs insulin action over and
above the effect of BMI itself.

A final explanation for the normal insulin sensitivity of
many obese subjects is that their level of insulin sensitivity was
even higher before they gained weight. In accord with this pos-
sibility, it is known from longitudinal studies (38) that the risk
of weight gain is higher in insulin-sensitive as compared to in-
sulin-resistant individuals, presumably because of better meta-
bolic efficiency. Thus, the obese subject with preserved insulin
sensitivity may have been supersensitive to the hormone be-
fore gaining weight. In this view, the obese segment of the pop-
ulation would be originally enriched with very insulin-sensitive
subjects, in whom the decrease in insulin sensitivity with
weight gain may have developed as a compensatory adapta-
tion to limit further weight gain (39). In these subjects, weight
reduction would still be expected to improve insulin resistance
(40).

Another finding of this study is that, contrary to prevalent
opinion (36, 41) the metabolic clearance rate of plasma insulin
is higher in the obese than in the lean, particularly in women
(Table II). Once again, expressing plasma insulin clearance by
kilogram of body weight artificially lowers the values of over-
weight subjects. As the vast majority (z 80%) of plasma insu-
lin is eventually cleared by the liver (42), clearance rates
should be normalized by liver weight. Indeed, the slightly
higher absolute values in our obese group could reflect a larger
liver size, in line with the general organomegaly of obesity
(14). It follows that the fasting hyperinsulinemia of obese indi-
viduals can hardly be attributed to overflow of pancreatic insu-
lin into the systemic circulation caused by inefficient hepatic
degradation. On the other hand, because of the threefold
porto-systemic gradient for plasma insulin and the saturation
threshold (100–200 mU/ml) for hepatic insulin metabolism (42,
43), overflow of pancreatic insulin must be more common in
obese than in lean subjects during the absorptive state, when
insulin secretion is stimulated.

The values of fasting posthepatic insulin delivery rate cal-
culated from the clamp in our lean subjects are similar to those
previously obtained in lean, healthy volunteers by direct mea-
surement of plasma insulin clearance with radioiodinated insu-
lin (44). Assuming 50% liver extraction (42), the calculated
mean value of insulin secretion rate in our lean group (18
mU·min21 [5 128 pmol·min21]) falls well within the range
measured by Polonsky et al. (13) with the use of C-peptide ki-
netics and deconvolution analysis. Insulin hypersecretion, de-
fined by the same statistical criterion as used for insulin resis-
tance, was significantly more prevalent than insulin resistance
in the obese group as a whole as well as in the three BMI sub-
groups (Fig. 2). Furthermore, combined insulin resistance and
insulin hypersecretion was present in 14% of the obese sub-
jects, a 10-fold enrichment as compared to the prevalence of
this combination in the lean group (1.6%). A nonlinear (hy-
perbolic) relationship between indices of insulin action and in-
sulin secretion has been reported previously (45); the con-
founding effect of obesity, however, has not been considered.
We show that insulin release is simultaneously affected by in-
sulin resistance and obesity. Quantitatively (Fig. 4), insulin de-
livery rose hyperbolically as insulin resistance increased, and
the more so the higher the BMI. These results prove that insu-
lin resistance is not the only mechanism through which obesity
enhances insulin secretion; other, stronger signals, originating
in the central nervous system (46), must be involved.

Figure 7. Relationship between insulin sensitivity and fasting plasma 
insulin concentration in the whole dataset. The dotted line is the in-
terpolating function for the whole population; the other thin lines are 
the corresponding functions for six different participating centers.
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By considering that 24-h pancreatic insulin release is ap-
proximately twice the fasting secretory rate (47), and that fast-
ing and stimulated insulin release are strongly correlated with
one another in nondiabetic subjects (13, 25), the current data
extrapolate to 24-h insulin outputs ranging from 10 to over 400 U
of insulin. This impressive 40-fold range indicates that in
healthy subjects glucose tolerance is maintained at the expense
of a very ample modulation of b-cell function. Therefore, it is
plausible that long-standing obesity, especially if associated
with insulin resistance, may eventually lead to stress failure of
the b-cell in predisposed individuals. Indeed, the conversion
rate to NIDDM has been found to be more than double in
obese than in lean normoglycemic men (48–50).

The relationship between BMI and the WHR (Fig. 5) sug-
gests that, in men as well as in women, moderate excess of adi-
pose tissue is deposited preferentially in the upper part of the
body, but further accumulation is equally distributed above
and below the waist. In contrast to insulin sensitivity, the rela-
tive distribution of body fat did bear an independent relation
to insulin delivery rate. Especially in women, central fat accu-
mulation was associated with higher rates of insulin delivery
for the same degree of obesity and insulin sensitivity (Fig. 6).
The physiological mechanism(s) underlying this association is
not entirely understood. Multiple evidence suggests that pref-
erential deposition of adipose tissue in the abdominal region is
under hormonal control (29). In particular, the pattern of
changes in activity of the hypothalamic-pituitary-adrenal axis
observed in association with visceral obesity is consistent with
a centrally mediated stress reaction (50). An interplay between
insulin, an appetite suppressant, and other neurohormones
(notably neuropetide Y, an appetite stimulant) at the level of
selected areas of the midbrain (15) might conceivably result in
the combination of insulin hypersecretion and centripetal fat
routing.

In summary, in simple obesity insulin resistance is not as
prevalent as previously thought, and is less frequent than insu-
lin hypersecretion. The hyperinsulinemia of obesity is the re-
sult of both compensatory (to insulin resistance) and primary
(central) hypersecretion of insulin. The clinical implication of
these findings is that the risk, for NIDDM and/or cardiovascu-
lar disease, associated with the predominantly insulin-resistant
or insulin-hypersecreting obese phenotype may be different.
Also, sensitivity to caloric restriction (by diet or pharmacologi-
cal treatment), and metabolic and cardiovascular adaptation to
weight loss may be sufficiently different in these obese pheno-
types to require differential strategies of followup and man-
agement.
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