Slower Activation of Insulin Action in Upper Body Obesity
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To determine the influence of body fat distribution on kinetic aspects of insulin action, we have monitored the rate of increase
of glucose infusion during 6-hour hyperinsulinemic (40 mU/m2/min) euglycemic clamps in 10 patients with upper body
obesity (body mass index [BMI], 41 = 3 kg/m?; waist-to-hip ratio [WHR], >1.00 for men and >0.85 for women), 12 patients
with lower body obesity (BMI, 40 = 2 kg/m? WHR, <1.00 for men and <0.85 for women), and 5 control subjects (BMI, <30
kg/m%, WHR, <1.00 for men and <0.85 for women). In all subjects, glucose infusion rate (GIR) to maintain euglycemia
increased during the clamp studies to achieve maximal, steady state values after the fourth to fifth hour. During the first 2
hours of clamp, mean GIR (GIR,¢_120min) (traditional approach to assess insulin sensitivity) was lower (P < 0.05) in the upper
body obesity group than in the lower body obesity group (2.12 = 0.14 and 3.03 + 0.33 mg/kg per min, respectively). In
contrast, the maximal steady-state GIR (GIR5x) (calculated as mean GIR during the sixth hour of clamp) was similar in the
upper body and in the lower body obesity groups (4.48 + 0.45 and 4.57 + 0.36 mg/kg per min, respectively). Control subjects
exhibited higher values of both GIR,(_120min and GIRyax (5.57 = 0.67 and 7.05 + 0.59 mg/kg per min, respectively) than those
of both groups of obese patients. The time to reach half-maximal GIR (T,,,) was greater (P < .05) in the upper body obesity
(94 = 12 min) than that in the lower body obesity (41 = 5 min) and in the control group (30 = 5 min). In pooled subjects, BMI
correlated with GIRy,5x (n = 27, R = —.75, P < .001), but not with T,,, (R = .21). Similarly, whole body percent fat mass, as
assessed by bioelectrical impedance analysis, correlated with GIRy;ax (n = 16, R = —.79, P < .001), but not with T,,, (R = .10).
In contrast, WHR closely correlated with T,,, (n =27, R= .78, P < .001), but not with GIR5,x (R = .11). We conclude that
upper body obesity is associated with a slower rate of activation of insulin action on glucose metabolism, whereas total body
adiposity selectively affects the maximal, steady-state insulin effect.
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NSULIN ACTION IN VIVO is characterized by a physio- MATERIALS AND METHODS
logic delay between the increase in plasma insulin concengypjects
ration and the on f the hormone eff ngl metab-
tration and the onset of the hormone effects on glucose metab Twenty-two Caucasian obese patients (BM#30 kg/nf) and 5

1 TG . . LT
olism - Rate l.lmltmg steps (.Jf |n§u||n action in v_|vo .Involv_e. Caucasian control subjects (BM&30 kg/nf) gave informed written
trans-endothelial passage of insulin from plasma into |nterst|t|alcOnsent to participate in the study (Table 1). Twelve obese subjects

spacé” and unidentified postreceptorial events. exhibited a lower body distribution of adiposity, defined as a WHR
Insulin sensitivity can be currently quantitated in vivo by the jower than 1.00 for men and lower than 0.85 for women. Ten obese
euglycemic hyperinsulinemic clamp technigj@eThe method  subjects had upper body obesity, defined as a WHR greater than 1.00
involves determining the amount of glucose to be infused tofor men and greater than 0.85 for women. Right arm blood pressures
maintain basal plasma glucose levels during constant insulinvere taken with a standard mercury sphygmomanometer using cuffs of
infusion. Because of the slow onset of insulin action, it takes 3appropriate size. Eleven patients had systemic hypertension as defined
to 5 hours of constant physiologic hyperinsulinemia to achieveby @ mean of 3 blood pressure measurements greater than 140 mm Hg
steady-state insulin effects on glucose dispégabesity and systolic and/or greater than 90 mm‘Hg diastolic. Hypertensive patien_ts
non-insulin-dependent diabetes mellitus are characterized b{f¢'® Presentin all groups: 7.and 6 in the upper and lower body obesity
both reduced steady-state insulin-mediated stimulation of glus roups, and 1 in the control group. Diastolic blood pressure tended to

ilizati dsl h | f fi l be greater in the upper body obesity than in the lower body obesity
cose utilization and slower-than-normal rate of onset of insu "Ngroup. Body composition was determined in 16 subjects (malesfe-

action#°.1*We have recently shown that, for the same degre€yaies= 2/14) using bioelectric impedance (Akern, Firenze, Itaty).

of obesity, hypertension was associated with a slower rate Opercent body fat correlated with values of BN € .88,P < .001). A
activation of insulin action on glucose metabolism, whereas theomplete medical work-up was performed to exclude secondary forms
maximal steady state insulin effects were not affected by eleef obesity and hypertension. Eighteen patients had impaired tolerance
vated blood pressufé. Thus, steady-state defects of insulin to a 75-g load of oral glucose according to the criteria set by the

action and delayed onset of insulin effect may represent distinchational Diabetes Data GroupRenal and liver function were normal.
mechanisms of insulin resistance. All patients were free of medications. Volunteers were hospitalized at

It is now recognized that an upper body fat distribution is least 2 days before the study at the Istituto di Clinica Medica, Ospedale

more closely associated with the development of metabolicd' Cattinara, Trieste, Italy. For at least 2 days before the study, subjects

abnormalities, including hypertension, insulin resistance an(yvere fed a weight maintenance diet containing 55% carbohydrate, 30%
hyperinsulinemia, than is a lower body distribution of fatt

is not known, however, whether body fat distribution affects
the kinetic aspects of insulin action (ie, rate of activation and From the Department of Clinical, Morphological, and Technological
steady-state insulin action). We have determined in subject§°ie”°es' Division of Internal Medicine, University of Trieste, Trieste,

with moderate or severe obesity the relative influence of u epaly.
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Table 1. Characteristics of Subjects

Lower Body Upper Body
Controls Obesity* Obesityt
(N =5) (N =12) (N =10)
Age (yr) 45 + 5 46 + 4 45 + 4
Gender (male/female) 1/4 4/8 4/6
BMI (kg/m?) 26 =2 40 + 2% 41 = 3%
Waist circumference
(cm) 814 111 = 6% 124 = 7%
WHR 0.80 = 0.04 0.86 = 0.02 0.98 + 0.04%8
Systolic blood
pressure (mm Hg) 136 + 2 147 = 4 149 + 6
Diastolic blood
pressure (mm Hg) 78 =2 883 96 + 318

*Lower body obesity is defined as WHR <1.00 for men and <0.85
for women.

tUpper body obesity is defined as WHR >1.00 for men and >0.85
for women.

P < .05 v controls.
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tion. Epidemiologic evidence indicates that insulin action in vivo is
normally distributed in populatiori$.All data are expressed as mean
SEM. Comparisons among upper and lower body obese patients and
control subjects were made using analysis of variance, repeated mea-
sures analysis of variance, and Newman-Keuls post hoc test. Regres-
sion analysis was performed according to standard methods. Results
were considered to be statistically significant at valueP ef .05.

RESULTS

The 2 groups of obese subjects with high and low WHR had
similar postabsorptive values of plasma glucose {88 v
92+ 5 mg/dL, respectively) and insulin (183 v 14+ 5
pU/mL, respectively) concentrations. In the control group,
postabsorptive values of plasma glucose and insulin concentra-
tions were 84+ 5 mg/dL and 11+ 4 pU/mL, respectively.
During the clamp, insulin concentrations increased to high
physiologic levels in both groups and were maintained constant
until the end of the study. In the high WHR group, insulin

concentrations were 98 8, 104+ 6, 105+ 5, 101+ 7, 114
+ 6,110+ 6 uU/mL for 1, 2, 3, 4, 5, and 6 hours of the clamp,
respectively. In the low WHR group, insulin concentrations

fat, and 15% protein. Subjects were studied after an overnight 12-houlV€"® 94+ 7,100 5, 98* 6, 110+ 6, 108+ 5, 112+ 7

fast. Studies were approved by the competent Authority of the Univer-V“U/mL for 1'_ 2,3,4,5, anq 6 hours, respectively. In the control
sity of Trieste. group, insulin concentrations were 92 4, 98 = 5, 97 =

6, 100+ 7,95+ 4,102+ 5 pU/mL for 1, 2, 3, 4, 5, and 6

hours of the clamp, respectively. In all subjects, blood glucose
Euglycemic hyperinsulinemic clamp studie&were begun at 8:00 evels were maintained within a range 06 mg/dL the indi-

Am. All infusions were administered through an indwelling polyethyl- vidual basal values.

ene catheter placed into an antecubital vein. Blood samples were taken Figure 1 shows the time course of mean GIR during the

from an indwelling catheter placed in a wrist vein of the opposite hand6-hour clamp studies in the control subjects and in the patients

that was kept in a warming device to ensure arterialization of venousyith upper and lower body obesity. Steady-state, maximal

blood. A primed-constant infusion of regular insulin (Actrapid; Novo yalues of GIR to maintain euglycemia were achieved by the

Industry, Copenhagen, Denmark) was started and continued for 6 houtggy, oy of clamp and were maintained during the sixth hour.

at the rate of 40 mU/&imin. Priming infusion was administered as The kinetics of insulin action are shown in Table 2.

previously describe&P12 Whole blood glucose concentrations were R the traditi | t of Il insuli
measured in samples obtained at 5- to 10-minute intervals. B|OOOG 20-120min (1€ ACIIONA] ASSESSMEN OF overat insufin-sen

glucose levels were maintained constant at baseline throughout tha!tVity, was greater in the lower body than in the upper body
study period by infusing 20% dextrose solution at a variable rate0bese patients and further increased in the control subjects.

adjusted according to glucose measurements.

§P < .05 v lower body obesity.

Experimental Design

Analysis 8 -
| ingf 03059848951
SRRRsLLRRRIE

Whole blood glucose concentrations were measured immediately 7 1
after blood drawing using glucose oxidase paper strips (One Touch;
Lifescan, Milpitas, CA) and a portable glucometer (One Touch Il,
Lifescan). During the study, precision of blood glucose determinations-é 5 4 i
was evaluated every 30 minutes using a calibrated paper strip. Mealg, E
and standard deviation of 22 determinations of glucose concentration% 4
from the same heparinized blood sample were 85.2 mg% and 1.8
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respectively. Plasma insulin was measured by radioimmunoassay. g ] 5 1111311
G 21 5, 4eet
Calculation and Statistical Analysis | ot
) R . . 14 g
During the hyperinsulinemic clamp study, the rate of glucose infu- i
sion required to maintain euglycemia was calculated at the end of each 0 —— 77—
10-minute interval and served as an overall measure of insulin action 0 60 120 180 240 300 360
on glucose metabolism. Overall insulin sensitivity was calculated ac- TIME (min)
cording to the traditional approach, in nonsteady-state conditions, as
mean glucose infusion rate between 20 minutes and 120 minutes of the , aontrols  © Lower body obesity  * Upper body obesity

clamp study (G1By.120min-1° Maximal glucose infusion rate (Glgx)
was calculated during the sixth hour of the clamp study after achieve- Fig 1. Time-course of GIR during 6-hour euglycemic hyperinsu-
ment of steady state for glucose infusion. Rate of activation of insulinjinemic (40 mU/m2/min) clamp in control subjects and in patients

action (T,,) was calculated by estimating the time to reach half- with upper body obesity (WHR > 1.00 for men and >0.85 for women)
maximum rate of glucose infusion after the start of insulin administra- and lower body obesity (WHR < 1.00 for men and <0.85 for women).



ONSET OF INSULIN ACTION IN OBESITY 21

Table 2. Kinetics of Insulin Action 150 -
| | n
Lower Body Upper Body
Controls Obesity* Obesity T
(N=5) (N=12) (N = 10) 120

GIR20-120min (Mgrkg/

min) 557 +0.67 3.03*0.33f 2.12 + 0.14%§ £ g0
GIRmax (Mg/kg/min)  7.05 + 0.569 4.57 + 0.36% 4.48 = 0.45% E
GIRyo120min/GIRmax 079 = 0.06  0.66 + 0.04  0.50 = 0.04%§ f—
T2 (min) 30+5 41+5 94 + 124§ 60 1

*Lower body obesity is defined as WHR <1.00 for men and <0.85
for women. 30

tUpper body obesity is defined as WHR >1.00 for men and >0.85
for women.

$P < .05 v controls.

§P < .05 v lower body obesity.

0.7 0.8 0.9 1.0 11 1.2

Waist-to-hip circumference ratio
GIRuax Was similar in the 2 groups with lower and upper body
obesity, whereas the control group exhibited greater values of
GIRyax than both groups of lower and upper body obese o) - 1o ojationship between individual values of WHR and
patients. During the first 2 hours of the clamp study, thedelay of activation of insulin action, calculated as time required to
fractional activation of insulin action, ie, GWRi0mid achieve half-maximal GIR (T,,,) in male (n = 9; R =.77; P < .05) and
GIRyax, Was lower in the upper body obese patients than infemale (n = 18; R = .78; P < .001) obese subjects. Results of pooled
the lower body obese patients and in the control groypWas  Subiects are shown in Table 3.
significantly greater® < .01) in the high WHR group com-
pared with the low WHR patients and the control group.

Table 3 presents the results of simple Pearson’s correlationf insulin action and kinetic abnormalities of the onset of
coefficients between kinetic parameters of insulin action withinsulin effects2® The kinetic defect in obesity involves a de-
several selected variables for all of the subjects. BMI correlatedayed trans-endothelial passage of instifimnd undefined ab-
with GIRyax and with GIR,_1,0min Whereas it did not corre  normalities in postreceptorial everit8.In this study, we pro-
late with T,,,. Waist circumference correlated with all kinetic vide evidence of a selective association between body fat
parameters of insulin action: G}R12omin GIRmaxs Ti/2- distribution and the rate of onset of insulin action on glucose
WHR correlated with GIRy_150min but not with GIR,ax - metabolism. We found that patients with upper body obesity
WHR closely correlated with T, (Fig 2). The close correlation  (ie, high WHR) exhibited a slower rate of increase in glucose
between T,, and WHR was present in both subgroups of maleinfusion during euglycemic hyperinsulinemic clamp compared
and female obese patients (Fig 2),,Iclosely correlated with ~ with obese subjects with similar BMI, but with a lower distri-
the values of diastolic blood pressure, but not with the values obution of body fat (ie, low WHR). In contrast, at the end of the
systolic blood pressure. In 16 patients (female/male: 14/2) withclamp studies, the absolute magnitude of the steady-state insu-
mean BMI of 36+ 2 kg/n? (range, 22 to 55) body composition lin effects on glucose metabolism were similar in the 2 groups.
was assessed by bioelectrical impedance analysis. Percent bodyDuring the clamp studies, glucose infusion rate to maintain
fat (mean, 51%t+ 2%; range, 42% to 59%) significantly euglycemia was progressively increased and maximal steady-

o Females = Males

correlated with GIR.x (R= —.79; P<.001) and with state values achieved 4 to 5 hours after the start of the clamp-
GIR,0.120min (R= —.62, P<.01), but not with T, ing. The maximal steady-state insulin effect was calculated
(R= —-.10). during the sixth hour of the study (G{R«). The rate of onset
of insulin action on glucose metabolism was expressed as time
DISCUSSION to achieve half-maximal rate of glucose infusion £J. Overall

The insulin resistance of obesity, as assessed by the glucosesulin sensitivity was assessed using a traditional approach

clamp technique, is characterized by both steady-state defec@iring the first 2 hours of the clamp (GJR1z20mid- By such
traditional approach, overall insulin sensitivity was, as ex-

pected, higher in the lower body obesity than in the upper body

Table 3. Summary of Pearson Correlation Coefficients of Kinetics obesity group and further increased in the control subjects. In
of Insulin Action With Selected Variables contrast, the maximal steady-state insulin effect was influenced
Parameter GIR30.120min GIRmax Tz by the degree of obesity, but not by body fat distribution.
BMI —0.69% _0.75% 0.21 Kinetic analysis during the clamp indicates that the rate of
Waist circumference —0.74* —0.57t 0.51t onset of insulin action was slower in the upper body obese
WHR —0.54t 0.11 0.78* patients than those in the lower body obesity and in the control
Systolic blood pressure —0.36 —0.28 0.28 groups.
Diastolic blood pressure —0.60t -0.37 0.66* In this study, we have used both comparisons of means of 3
*P < .001. samples and regression analysis to determine the relationships

tP < .01. between WHR and BMI and kinetic parameters of insulin



22 BIOLO, TOIGO, AND GUARNIERI

action. The results of the 2 statistical methods were in agree- Whatever the link between WHR and the timing of onset of
ment. We found that WHR correlated with,,J (61% of the insulin action might be, the mechanisms of a kinetic defect in
variance) in both men and women, but not with Gl . On insulin action on glucose metabolism have been thoroughly
the other hand, BMI was related to GJR« (56% of the  described in an experimental dog model of chronic hyperinsu-
variance), but not to f,. Waist circumference, which is pro  linemia? In this study, trans-endothelial insulin transport was
portional to both abdominal fat accumulation and whole bodyimpaired and was responsible for one third of the kinetic defect,
adiposity}” correlated with both 7, (26% of the variance) and  yhjle slower intracellular mechanisms of glucose disposal were
GIRyax (32% of the variance). Overall insulin sensitivity, as responsible for the remaining two thirds.

assessed by GI.;,0min Was influenced by WHR, BMI, and  one of the main findings of this study was the link between

waist circumfere_nce. ) L o ) .. the steady-state defect of insulin action and total body adiposity
; In a ph|)|/5|olog|c' setting, a E'net'c defzct in |nsgl|n a_lctlon 'Sfexpressed either as BMI or as percent body fat by bioelectrical
unctionally more important than a steady-state impairment 0impedance analysis. Thus, the steady-state defect in insulin

the hormone effect? Afte.r a meal, insulin concentra.tlon 'N" " action appears to be proportional to the excess body fat relative
creases and decreases in about 2 to 3 hours and, in this tm{e . . .
0 lean body mass, whereas the rate of onset of insulin action

interval, maximal insulin effects cannot be achieved. Thus, . o
. . was influenced by body fat distribution. These results suggest

postprandial metabolic changes appear to be largely dependet tat the onset of insulin action and the steady-state insulin
on the kinetics of onset of insulin action. The relationship o . cady L
between kinetics of onset of insulin action and WHR found in effects are distinct dgtermlnants of gverall II.’]SU|II.’1 sen§|t|V|ty
this study may account for the fact that upper body obesity waé"md may represe_nt different mecha_nlsms qf insulin resistance.
statistically associated with greater metabolic abnormalities W& have previously shown that in obesity the presence of
than a lower body distribution of body f&t. hypertension was associated with a selective alteration of the

Although the mechanisms responsible for the associatiorkinetics of onset of insulin action, whereas the steady-state
between a high WHR and a slower onset of insulin actioninsulin effect was not affected by the presence of hyperten-
cannot be elucidated by our study, certain inferences are po§ioni? In the present study, the subjects with upper body
sible. WHR is an anthropometric approximation of the visceralobesity tended to have higher diastolic blood pressure levels
versus the peripheral accumulation of adipose tissue. Evidend&an the subjects with lower body obesity. Furthermorg, T
indicates that visceral obesity is associated with hypertensiorglosely correlated with both values of WHR and diastolic blood
type 2 diabetes, dyslipidemia, and a higher prevalence of carmpressure. Different mechanisms may account for the link be-
diovascular diseaséd.An increased free fatty acid (FFA) tween elevated blood pressure and kinetic defects in insulin
output into the portal vein to the liver could contribute to such action. The metabolic abnormalities associated with abdominal
greater metabolic abnormalities in visceral obe&it§2In fact, obesity, such as increased FFA and greater insulin resistance
FFA has been shown to reduce hepatic insulin clearéhce, and hyperinsulinemia, may directly increase blood pressure
enhance hepatic glucose productf8rimpair muscle glucose |evels13.24-26.29.300n the other hand, essential hypertension is
disposak? raise vascular resistance and blood pres3tes-  associated with endothelial dysfunctinwhich may impair
hance alpha-adrenoreceptor sensiti9ftyand inhibit nitric ox-  trans-endothelial transport of insulin and delay the onset of
ide synthase activity¢ Some of these mechanisms acting at thejnsylin action.
levels of the gndothelial barrier and target cel!s may explain the During hyperinsulinemic glucose clamps, the rate of glucose
greater insulin-resistance and possibly the kinetic defect assqpfysjon to maintain euglycemia reflects simultaneous changes
ciated Wlt_h_ abdominal ot_>e5|ty. !n addltlor_L some _endocrlneof both glucose uptake and productisrin the present study,
gbnormalltles pﬁen associated with ab_domlnal obes@y, such &e did not assess the contributions of hepatic glucose produc-
increased cortisol and androgen secretion, may contribute to thﬁon to the kinetic defect of insulin action on glucose metabo-

kinetic defect of insulin actio#s Finally, it should be noted that . e o . .
. ; . . lism. However, it is likely that defective insulin-mediated glu-
WHR may contain more information than body fat distribution . S
cose disposal largely accounted for the overall kinetic

because the hip circumference includes a measurement of theD . . . . . .
large muscle groups in the gluteal region. A high WHR maya _normallty of |nsu_I|n actlon_ fOl.md. i this stqu. In fact,
therefore be associated with a relative decrease in skeletﬁ\{'denc_e from previous §tud|es indicates that, in contrast to
muscle mass, which is a major contributor of insuIin-mediatedsmnul_atlon of glucose d.|sposal_, the_ rate of supprgssmn of
glucose disposal. There may also be an effect dependent diEPaliC glucose production by insulin was normal in obese
muscle mass distribution. Chowdhury e€ahave recently ~ SUPIECtS;® non-insulin-dependent diabetic patiehtsand ex-
shown that a greater ratio of upper to lower body muscle mas&€rimental chronic hyperinsulinemfa.

distribution was associated with increased metabolic risk fac- N conclusion, important aspects of the insulin-resistance
tors for type 2 diabetes and cardiovascular disease. There @yndrome, such as upper body fat deposition and obesity-
also an association between insulin resistance and a higher tha@gsociated hypertension, are characterized by a selective alter-
normal component of the white, fast twitch, glycolytic fibers at ation of the rate of onset of insulin action. The steady-state
the expense of the red, slow twitch, oxidative fibg&§he  insulin effects are not influenced by upper body obesity or
latter may predominate in the large, lower-body, postural mushypertension, but are inversely determined by total body adi-
cles and contribute to improving the kinetics of insulin action in posity, which in turn, does not influence the timing of insulin
subjects with low WHR. action.
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