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- Studies have shown that insulin resistance increases ..
with age; independent of changes in total adiposity.:
However, there is growing evidence thatthe . . - . -
development of insulin resistance may be more closely
related to abdominal adiposity. To evaluate the
independent effects of aging and regional and fotal
adiposity on insulin resistance, we performed
hyperinsulinemic euglycemic clamps on 17 young
{21-33 yr) and 67 older (60-72 yr) men and women.
We assessed FFM and total and regional adiposity by
hydrodensitometry and anthropometry.
Insulin-stimulated GDRs at a plasma insulin
concentration of ~450 pM averaged 45.6 + 3.3
pmol - kg FFM~" - min~" (mean = SE) in the young
subjects, 45.6 + 10.0 pmol - kg FFM~" - min~" in 24
older subjects who were insulin sensitive, and 23.9 =
11.7 pmol - kg FFM~" - min~" in 43 older subjects who
were insulin resistant. Few significant differences were
apparent in skin-fold and circumference measurements
between young and insulin-sensitive older subjects,
but measurements at most central body sites were
significantly targer in the insulin-resistant older sub-
jects. Waist girth accounted for >40% of the variance
in insulin action, whereas age explained only 10-20%
of the total variance and <29% of the variance when the
effects of waist circumference were statistically
conlrolled. These resuits suggest that insulin
resistance is more closely associated with abdominal
adiposity than with age. Diabetes 42:273-81, 1993
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ging often is associated with a deterioration in

glucose tolerance. Population studies indicate

that the plasma glucose concentration 2 h

after an oral glucose challenge increases by
—0.3-0.5 mM per decade in apparently healthy people
(1-3). Whether this deterioration is attributable to the
aging process or to other factors such as increasing
adiposity, abdominal obesity, and/or physical inactivity
remains equivocal. Zavaroni et al. (3) found that the effect
of aging on glucose tolerance was either eliminated or
markedly reduced after adjusting for the sffects of obe-
sity and physical activity level. Shimokata et al. (1) also
found that the decline in glucose tolerance from young to
middle age could be explained by indexes of body
composition and activity level, but determined that age
remained an independent risk factor for glucose intoler-
ance in older people.

The decline in glucose tolerance with age appears to
be altributable in large measure to the increased resis-
tance of skeletal muscle to the action of insulin (4-10).
Insulin resistance is common in obese individuals (11—
13). Although total adiposity (14,15) and visceral fat mass
{16,17) increase with age, studies that used the hyper-
insulinemic euglycemic clamp procedure to quantify
insulin action have suggested thal total adiposity does
not explain the age-related increase in insulin resistance
(8—10). To the best of our knowledge, the associations
among aging, insulin resistance, and regional adiposity
have not been examined. Therefore, this study examined
the interactions of age, total and regional adiposity, and
insulin action in young and older men and women.

RESEARCH DESIGN AND METHODS

Sixty-seven older subjects (34 men, 33 women; age
65 = 1yr) and 17 young subjects (11 men, 6 women; age
24 + 1 yr) provided informed written- consent to partici-
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pate in this study, which was approved by the Washing-
ton University Human Studies Committee. Subjects were
recruited from a pool of volunteers being screened for
entry into another research project:

All subjects were normally active but had not engaged

in regular endurance exercise (defined as =30 min of
aerobic activity =2 days/wk) for a minimum of 6 mo
before the study. Participants were nonsmokers and, with
the exception of mild NIDDM in 19 subjects, were appar-
ently healthy, as determined by medical history, physical
examination, routine blood and urine chemistries, OGTT,
and graded exercise stress test. None of the participants
was taking medications known to affect glucose toler-
ance. One of the subjects with NIDDM was aware of the
condition prior to entering the project but was not receiv-
ing treatment for NIDDM.
OGTT. Glucose tolerance was determined using a 75-g
QOGTT, performed in the morning after a 12-h fast. Diet
was monitored for 3 days before both the OGTT and the
euglycemic clamp to ensure an intake of =150 g of
cholesterol per day. Blood samples for the determination
of glucose and insulin were taken immediately before
and 30, 60, 90, 120, and 180 min after the glucose
challenge. The total areas under the glucose and insulin
curves were calculated using the trapezoidal rule.

We have defined the term “strictly normal” glucose
tolerance in the older subjecis fo mean plasma glucose
concentrations = 2 8D of the values measured in the
young subjects at all time points during the OGTT. Those
older subjects classified as having "high normal” glu-
cose tolerance had at least one glucose value that was
>2 SD abave the mean of the young subjects, but did not
meet the criteria for impaired or diabetic glucose toler-
ance as defined by the NDDG {18). Subjecis that had
nondiagnostic glucose tolerance by NDDG standards
were included in the high normal group.

Body composition. Hydrodensitometric and anthropo-
metric measures of body compaosition and fat distribution
were performed as described previously (14). Body fat
percentage was estimated from body density using the
equation of Brozek et al. (19). Skin-fold thickness was
determined at the triceps, subscapula, pectoralis, umbi-
licus, suprailiac, and anterior thigh, and circumferences
were measured at the chest, waist, abdomen, hips, and
thigh {20). Skin-fold and circumference measures were
obtained at each site, then duplicate measures were
taken. i values did nct agree within 1.0 mm for skin-fold
thickness or 0.5 cm for girth, additional determinations
were made. Outlying values {>4.0 mm for skin folds and
>1.5 cm for girths) were eliminated, and remaining
values were averaged. )
VQypa Using an incremental treadmill protocol, VO,
was measured 1o determine whether insulin action was
related to level of fitness, particularly among the older
subjects. During a 5- to 10-min warm-up, subjects
walked or jogged at a speed that elicited a heart rate of
~70% of age-predicted maximal heart rate. Speed was
then kept constant, and grade was increased by 1-3%
every 2 min until volitional exhaustion.

VO, was measured continuously and calculated for
each 30-sec interval using an automated open-circuit
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system consisting of an inspired gas meter (Parkinson-
Cowan CD-4, Cari Poe, Houston, TX), a mixing chamber,
and electronic O, (Applied Electrochemistry S3-A,
Sunnyvale, CA) and CO, (Beckman LB-2, Fullerton, CA)
analyzers. At least two of the following criteria were met
during each test to establish VO, had been attained:
a plateau in VO, despite an increase in treadmill grade,
attainment of age- predicted maximal heart rate, a respi-
ratory exchange ratio =1.10.

Hyperinsulinemic, eugiycemic clamp. The subjects
were admitted to the Washington University General
Clinical Research Center at 0700 after an overnight fasl.
They voided, were weighed, then remained supine for the
duration of the procedure. A polyethylene catheter was
inserted into an antecubital vein for the infusion of glu-
cose (20% dextrose), insulin, and KCI. A second catheter
was inserted retrograde into the distal portion of a dorsal
hand vein. The hand was kept in a box warmed to 70°C
for the duration of the euglycemic clamp for sampling of
arterialized blood. Four baseline blood samples were
drawn at 10-min intervals to determine fasting glucose
and insulin concentrations and, in the older subjects,
glucose kinetics (see below).

A two-stage hyperinsulinemic, euglycemic clamp as-
sessed insulin action {21). The insulin infusates were
prepared by diluting purified porcine insulin (Squibb
Novo, Princeton, NJ) in 0.9% saline. Approximately 4 ml
of the subjecl's blood was added to the infusate to
minimize the adherance of insulin to glassware and’
ubing. After the baseline blood samples were obtained,
two seguential, primed, continuous infusions of insulin at
40 and 400 (young) or 800 {older) mU - m~2 - min~" were
performed. Each stage lasted 120 min,

During the second stage, the plasma insulin concen-
tration was raised to a lower level in the young than in the
older subjects because we previously have shown this
insulin concentration yields a maximal insulin-stimulated
GDR during euglycemia in young subjects with normal
glucose tolerance (22). Plasma glucose conceniration
was determined every 5 min using the glucose oxidase
method (Beckman) and was maintained at 5 mM during
hyperinsulinemia by varying the glucose infusion rate
(Harvard Apparatus, Millis, MA). Blood samples were
obtained at 15-min intervals throughout the 240 min of
hyperinsufinemia for the subsequent determination of
plasma insulin concentration (23).

Mikines et al. (24) have shown that HGF is fully
suppressed in young, untrained subjects at the insulin
concentrations attained in this study. To determine HGP
rates during hyperinsulinemia in the older subjects, the
euglycemic clamp procedure included a primed (25 pCi
bolus), continuous infusion {0.25 pCi/min) of [3-*H]glu-
cose (NEN-DuPont, Boston, MA) lasting ~6 h; the insulin
infusions were performed during the finat 4 h. Blood
samples for the determination of glucose kinetics were
obtained at 10-min intervals during the final 30 min of
each stage, i.e., baseline, lower insulin concentration,
and high insulin concentration. Plasma-specific activity
was determined by liquid scintillation counting after de-
proteinization of plasma with 3.0 M perchloric acid (0.3
mi/1.2 ml plasma).
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final 30 min of each insulin infusion was calculated from
the SSGIR, adjusted for fluctuations in the plasma glu-
cose space (21). In the older subjects, R, and Ry
{umol - kg FFM™" - min~") were calculated for the final 30
min of each stage using the non-steady-state equations
of Steele (25). Fluctuations in R, caused by random error
in the determination of plasma-specific activity were
minimized by using a three-point smoothing procedure
(26). The isotopic determination of glucose kinetics
sometimes resulted in an underestimation of R, during
hyperinsulinemia, as evidenced by negative values for
HGP {27). When this occurred, the GDR was assumed to
be the SSGIR.

. Statistical analyses. The data were stored and analyzed

. using the CLINFO Data Analysis System of the Washing-
- ton University General Clinical Research Center and
BMDP software. Statistical differences among the groups
~ were determined using a one-way ANOVA and the
Newman-Keul post hoc test where appropriate. Univari-
ate and muitivariate linear regression analyses deter-
mined the relationships among variables of interest.
Statistical significance was accepted at P < 0.05. All
data are expressed as means + SE.

RESULTS

Glucose tolerance. in the 67 older people, glucose
tolerance was determined as strictly normal in 13, high
normal in 12, impaired in 23, and NIDDM in 19. Seven of
the subjects with impaired glucose tolerance and 4 with
NIDDM were distinct in that their insulin response during
the OGTT was markedly lower {insulin area, 35544 =
2,668 pM/min) than that of the other subjects in those two
groups (insulin area, 107,754 = 16,286 pM/min; P <
0.05). Because these 11 subjects appeared to be differ-
ent both in terms of body composition and insulin sensi-
tivity, they were studied separately and classified as
insufin deficient. Fig. 1A shows the plasma glucose
responses for all the groups.

Notable differences occurred among the groups in
insulin response to the OGTT. The area under the OGTT
insulin curve was significantly higher in the high normal,
impaired glucose tolerance, and NIDDM groups than in
the other groups (Fig. 1B). Although glucose values were
not significantly different in the young and strictly normal
groups, insulin concentrations tended to be higher
(P < 0.10) in the strictly normal group after 30 min. The
insulin-deficient group (INS-DEF} had a markedly
blunted insulin response, particularty during the first hour
of the test when the plasma glucose concentration in-
creased sharply. At 30 and 60 min after glucose inges-
tion, the plasma insulin concentration was significantly
lower in the insulin-deficient group than in all other
groups of older subjects, and also was significantly lower
at later time points compared with the high normai,
impaired, and NIDDM groups (Fig. 158).

Whereas the peak insulin concentration was attained
within B0 min in the young subjects and strictly normal
alder group, the peak response was delayed in the other
groups. Moreover, the peak insulin concentration was
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Calculations. in the young subjects, the GDR during the
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FIG. 1. Plasma glucose (4) and insulin (B) concentrations during an
OGTT in young subjects and older subjects with strictly normal, high
normal, impaired, or NIDDM glucose tolerance, and in older subjects
with abnormal glucose tolerance as a result ot insulin deficiency
(INS-DEF).

higher in the high normal and impaired groups than in the
young subjects and the strictly normal and insulin- defi-
cient older subjects (P < 0.05).

Body compeosition. Body fat content was greater in all
groups of older subjects than in the young subjects and
tended to be highest in the men and women with NIDDM,
as did body weight {Table 1). In terms of skin-fold
thickness and circumference measures, which were
used as indexes of body fat distribution, only a few
significant differences occurred between the groups at
peripheral sites, but the subjects with high normal, im-
paired, and NHIDM glucose tolerance tended to have
larger skin-fold thicknesses and girths at central body
sites than did subjects in the young, strictly normal, and
insulin-deficient groups (data not shown). The lack of
statistical significance of differences at some sites likely
was attributable to the small number of subjects in each
group.,

Because both insulin sensitivity and measures of fat
distribution were similar in the strictly normal and insulin-
deficient older groups, these groups were combined
{insulin-sensitive) and compared with the group (insulin-
resistant) that included subjects with high normal, im-
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INSULIN RESISTANGE AND ABDOMINAL OBESITY-

TABLE 1
Physical characteristics of young men and

women: older men and women with strictly normal, high normal, impaired, or NID DM

glucose tolerance; and older men and women with abnormal glucose tolerance combined with insulin deficiency

Older
Strictly High Insutin
Young norral normal Impaired NIDDM deficient

Men

n 11 4 5 7 10 8

Weight (kg) 76.6 = 3.1 770+ 33 85377 759 + 3.8 940 = 3.1* 75.3 = 3.1

Height {cm) 1796 =15 1779 £ 32 175.4 £ 25 1742+ 3.8 176.8 £ 29 176.5 £ 2.0

Body fat (%) 15.8 =+ 1.61 23818 27222 28415 31.9 + 1.4% 24618

VOomay (M- min~' - kg™ ") 49.0 = 151 31.0x26 26223 26.0x+09 22.6 = 0.5§ 26.9 + 0.5
Women

n 6 9 7 2] 5 3

Weight (k@) 67840 65.9 + 3.1 717 £ 53 744+ 46 82.3 £ 563 56.2 + 3.5

Height (cm} 170.4 = 3.8 1649 £ 2.7 163.4 £ 2.3 162.4 = 1.7 159.3 = 1.1 158.1 £ 6.3

Body fat (%6} 26.2 + 1.9t 401 +09 0217 37914 40.8 = 31 367+ 0.8

VO,max (Ml min~" kg™ 35.2 + 2.5% 213 =086 200+ 141 20108 186+ 1.3 214 +08

Data are means * SE.

+P < 0.05, different from young, normal, insulin-deficient, and impaired.

+P < 0.05, different from all other groups.

+P < (.05, different from young, normal, and insulin-deficient.
§P < 0.05, different from normal,

P < 0.05, different from NIDDM.

paired, and diabetic glucose tolerance {Tables 2 and 3).
These analyses indicated that, compared with young and
insulin-sensitive older subjects, the insulin-resistant men
and women weighed more and had larger skin-fold
thicknesses and girths at most of the sites measured,
particularly central body sites. The insulin-resistant men
also had a higher body fat content.

Maximal oxygen consumption. VO, was signifi-
cantly higher in the young than the older subjects (Table

1). Among the older men, those in the NIDDM group had
a lower VO, than those in the strictly normal group,
even when YO, was expressed relative to FFM. No
significant differences in VOamax occurred among the
groups of older women.

Insulin action. FPG was elevated in the subjects with
NIDDM and was higher (P < 0.05) in the group with
insulin deficiency and abnormal glucose tolerance than
in the young and strictly normal oider subjects, but was

TABLE 2
Body composition of men
Older
insulin insulin
Young sensitive resistant
n 11 12 22
Weight (kg) 76.6 = 3.1 758+ 25 86.2 + 3,0*
Height {cm) 1796 =15 1770+ 1.6 1756 + 1.8
Body fat {%) 158+16 24.3 1.3t 20.7 + 1.0
Skin folds (mm)
Triceps 122 11 =1 17 1%
Subscapula 16+2 172 28 + 2%
Pectoralis 132 20+ 2 28 + 2%
Suprailiac 122 16+2 22 + 2¢
Umbilicus 24+3 24 £ 3 373t
Thigh 5x2 16 £ 1 192
Girths (cm)
Arm 30 =1 30x1 32=x2
Chest 95 + 1 9 =x2 107 = 2%
Waist 842 912 101 = 2%
Abdomen 87 +2 93 2 106 + 2%
Hips 94 + 2 98 £ 2 105+ 2*
Thigh 57 =1 55 =1 56 + 1
WHR 0.90 = 0.02 0.92 + 0.01 0.96 = 0.01*

Data are means + SE.

*P < 0.05, different from young and insulin-sensitive older.

1P < 0.01, different from young.

+P < 0.01, different from young and insulin-sensitive older.

276

| "

DIABETES, VOL. 42, FEBRUARY 1993




TABLE 3
‘ Body composition of wormen

W M KOHRT AND ASqOCIATES

Older
Insulin Insulin
Young sensitive resistant
n 5 12 21
Weight (kg) 66.8 = 4.7 63526 754 x 29*
Height (cm) 1709 = 4.6 163.2x26 162.0 = 1.1t
‘Body fat (%} 251+189 39.2 £ 0.8 334+ 1.1%
Skin folds {mm)
Triceps 192 25+ 2 27 x2
“Subscapula 17+ 3 21+ 2 30 = 2§
Pectoralis 26+ 2 28+ 2 35 + 2§
:Suprailiac 14 +2 202 28 + 2*
Umbilicus 21+ 3 31 + 41 + 3*
Thigh 29 + 4 37+£3 40+ 3
Girths (cm}
Arm 27 1 31 1% 31 =1t
Chest g8 3 80 x2 97 £ 2*
Waist 76 x4 81+1 93 + 3§
Abdomen 82x4 95 + 2t 106 + 3§
‘Hips 99 x4 100+ 2 108 = 3*
Thigh 592 58 + 1 60 % 1
HR 0.75 £ 0.02 0.81 =002t .85 = 0.01*

‘Data are means + SE.

¥P'< 0.05, different from young and insulin-sensitive older.
TP< 0.05, different from young.

4P < 0.01, different from young.

< 0.01, different from young and insulin-sensitive older.

not significantly different among the other groups (Table
4y Fasting plasma insulin concentration was significantly
higher in the NIDDM group than in the young, strictly
normal, and insulin-deficient subjects (P < 0.058). The
basal rate of HGP did not differ significantly among the
groups of older subjects with various levels of glucose
tolerance.

During the final 30 min of the first stage of insulin

infusion, plasma glucose and Insulin concentrations did
not differ significantly among the groups. Mean HGP in
the older subjects ranged from 0 to 2.8 pmol - kg™ -
min~" and was not significantly different among the
groups. GDR {umol « kg FFM~ - min~") in the older sub-
jects with strictly normal glucose tolerance and in those
with insulin deficiency was similar to that of the young
group, but was reduced by 30-40% in the groups with

TABLE 4
Hyperinsulinemic euglycemic clamp data

Older
Strictly High Insudin-
Young normal normal Impaired NIDDM deficient
17 13 12 16 18 11
Plasma glucose {mM) 494011 494+ 011 5 50 =011 555011 727 044 6.00x0.28%
: Plasma insulin (pM) 5t =12 71 =11 7 & 7910 115 + 13% 44 £ 5
o Rg (wmol - kg™ e min~" 11706 117t11 128 = 1.1 111 =11 128+ 06
Flrst stage
_Plasma glucose {(mM) 500+ 006 488006 488+0068 494x006 511017 500006
‘CV (%) 3.8=06 25x02 3.2+04 29+04 32x05 25+02
o Plasma insulin {ph) 414 + 30 384 + 24 486 * 42 438 + 30 492 x 42 474 = 30
GDR {umol - kg FFM™* - min~") 56 = 3.3 483+ 44 31.3x22f 28317 17.2x11* 422+ 39
~“Second stage '
* Plasma glucose (mM) 506006 500x006 500x006 500x006 494006 5.05 £ 0.06
- GV (36} 3905 45x1.0 3.0+03 32+x02 40=x05 3808
= Plasma insulin (pM) 11850 + 2772 29400 x 4218 28140 + 5502 24198 £ 3612 24810 + 5376 25422 + 4484
* GDR (wmol - kg FFM™1-min™" 922+ 3.3 1011+ 4.4 81733 80.0 £33 66.0 £ 5.6* 87.8 = 6.1

Data are means = SE.

2 *P < 0.05, different from all other groups.

» TP < 0.05, different from young and normat.

_¥P < 0.05, different from young, normal, and insulin-deficient.
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NSULIN RESISTANGE AND ABOOMINAL OBESITY .

TABLE 5

Zero-order correlations of age, VOpya, body fat content, and
measures of body fat distribution with GDR during the first
stage of the euglycemic clamp '

GDR (P.mol kg
FEM~1 min™")
Men Women
Age -(0.33% —0.44%
Body fat (%6} -0.58% —0.45%
VO (Ml - min~" - kg FFM™) 0.42* 0.501
Skin folds (mmy)
Triceps —0.501 —0.32%
Subscapula ~0.67% ~0.63%
Pectoralis —0.38* ~0.471
Umbilicus —0.53% -0.62%
Suprailiac -0.57% —0.64%
Thigh -0.31 -0.13
Girths (cm)
Arm —0.55% —0.4%%
Chest -0.68% —0.64%
Waist —0.664 —-0.71%
Abdomen -0.64+ -0.67F
Hip —0.57¢ —0.39*
Thigh -0.27 -012
WHR -0.50% —0.70%
*P < 0.05.
TP < 0.01.
1P < 0.001.

high normal and impaired glucose tolerance, and by
~60% in the NIDDM group.

The plasma glucose concentrations were similar in ail
of the groups during the final 30 min of the second stage
of the euglycemic clamp. The maximal GDR (mg - kg
FEM™'-min~") was ~30% lower in the NIDDM group
than in the insulin-sensitive groups (P < 0.05).
Associations of age, VO,,.a, and body composition
with insulin sensitivity and glucose tolerance. The
GDR during the first stage of the euglycemic clamp
(plasma insulin concentration ~450 pM), which is an
index of insulin sensitivity, was significantly associated
with age, VOmax (Ml + min~" - kg FFM™), body fat con-
tent, and a number of anthropometric markers of centrat
obesity in both men and women {Table 5). insulin action
was more strongly associated with skin-fold and girth

TABLE 6

measures at central body sites than with measures at
peripheral sites. In general, the strength of these relation-
ships was lower when GDR at the high insulin concen-
tration (insulin responsiveness) was used (data not
shown). Because insulin responsiveness was similar
among all groups except the NIDDM group, further
analyses of the relationships among age, VOsma bOCY
composition, and insulin action were performed using
only the GDR at the lower insulin concentration. -

Stepwise multivariate regression analyses were used
to determine the independent effects of age, VOzma,
total adiposity, and fat distribution (waist circumference
and WHR) on insulin action (Table 6). Waist circumfer-
ence was selected because it was one of the strongest
single predictors of insulin sensitivity in men and women
(Table 5, Fig. 2). The WHR was included in the model
because it is a common index of abdominal obesity. In
men, waist circumference accounted for 43% of the
variance in GDR at the low insulin concentration, and the
remaining independent contributions of age, VOzmax
total adiposity, and the WHR were not significant. In
women, waist circumference alone accounted for 50% of
the variance in insulin action, and this increased to 60%
when the WHR was added. The remaining partial corre-
lations of age, VOumax and body fat percentage were not
significant.

DISCUSSION

The major finding of this study was that insulin resistance,
quantified as the GDR at a physiological concentration of
insulin that induced a rate of glucose disposal that was
—50% of maximal in insulin-sensitive subjects, was more
closely related to measures of regional adiposity than its
age. Waist circumference alone accounted for >40% of
the variance in GDR among the 84 young and clder men
and women studied, whereas age explained only 10—
20% of the total variance and <2% of the variance when
the effects of waist circumference were statistically con-
trolled.

Our findings are in keeping with those of previous
studies, which suggested that an age-related increase in
insulin resistance occurs independently of changes in
total adiposity (8—10}. This was most evident among the

Multivariate regression analysis of the effects of age, VO;ax (mi-min~" kg FFM™"), body fat content, waist circumierence,
and WHR on GDR (pmol - kg FFM~" - min~") during the first stage of the eugtycemic clamp

Partial correlationst

Variable Multiple Adjusted* Body fat
Step entered P # Age VOorax content {%) Waist WHR
Men
0 -0.33 0.42 -0.58 -0.66 —-0.50
1 Waist 0.43 0.42 -0.02 0.07 -0.07 0.01
Wornen
c : —-0.44 0.5C —-0.45 0.7 -0.70
1 Waist 0.50 0.48 -0.27 (.29 0.04 —-0.45
2 WiH 0.60 0.58 —-0.14 0.24 0.02

*Multiple correlation coefficient adjusted for sample size and the number of predictor variables.
+The association with the dependent variable independent of the variance accounted for by predictor varlables already entered

into the regression model.
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FIG. 2. Relationship between GDR at a physiological insulin
concentration {450 pM) and waist circumference in men (r= —0.65,
P < 0.01) and women (r= —0.71, P < 0.01).

groups of older women in this study, as GDRs during the
submaximal insulin infusion varied markedly despite no
difference in body fat percentage. Although we did find
significant zero-order correlations between insulin sen-
sitivity and body fat percentage in both men and women,
these relationships were not independent of the effects
attributable to abdominal chesity (Table 6). .

The significant positive correlation between VO,
and insulin action we found has also been reported by
others (28,29). This does not appear to be a causative
refationship, however, because insulin action in older
men and women with strictly normal glucose tolerance
was the same as in young subiects despite the fact that
VO,ma, Vallies were 35—40% lower. That VO WaS Not
an independent predictor of insulin sensitivity was con-
firmed in the multivariale regression analyses.

Our data indicate, therefore, that insulin action was
significantly related to age and VO, and to both total
and regional adiposity. However, when variance attribut-
able to regional adiposity was statistically controlled, the
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remaining independent effects of age, VOpma. and total
adiposity were no longer significant. This finding is con-
sistent with the results of a recent hyperinsulinemic
euglycemic clamp study by Broughton et al. (30), who
found that insulin action in a group of lean older men was
similar to that of young men. Research also has shown
fasting and glucose-stimulated plasma insulin levels are
mere closely related to regional adiposity than to age in
men aged 4673 yr (31).

In our study, the insulin-sensitive older subjects with
strictly normal glucose tolerance or insulin deficiency had
fess central obesity than those with mild or more severe
glucose intolerance, and were as insulin sensitive as the
young subjects. Collectively, our results and those of
Broughton et al. (30} and Coon et al. (31) suggest that
insulin resistance is an aveidable consequence of ab-
dominal fat accumulation with advancing age.

Intra- abdominal fat accumulation rmay be associated
with the development of insulin resistance, although
mechanisms have not been fully etucidated (11,32-34).
Adipose tissue in the visceral region is highly sensitive to
lipolytic stimuli, particularly in those regions drained by
the portal circulation (35). As a consequence, an in-
creased flux of free fally acids to the liver may, by
stimulating gluconeogenesis (36} and inhibiting hepatic
insulin clearance (37,38), lead to hyperinsulinemia and,
consequently, insulin resistance (39). These mecha-
nisms have not been directly studied in humans because
of the difficulty of measuring portal FFA concentration.
However, some studies have shown that an acute eleva-
tion in FFA concentration results in increased HGO {40),
and that hepatic clearance of insulin is reduced in people
with abdominal cbesity (41).

A marked reduction in insulin sensitivity apparently can
occur despite only a mild dsterioration in oral glucose
tolerance. The GDR at a physiological concentration of
insulin was 35% lower in those older subjects with high
normal glucose tolerance than in those with strictly nor-
mal glucose tolerance. Although insulin responsiveness
also tended to decline as the degree of glucose intoler-
ance worsened, the GDR at a maximally effective insulin
concentration was significantly blunted only in those
subjects with NIDDM. These findings concur with those
of Kolterman et al. (42) and suggest that the insuiin-
resistant state is a continuum, ranging from reduced
insulin sensitivity and mild glucose intolerance in the
least severe form, to reduced insulin sensitivity and
responsiveness and NIDDM in the most severe form.

It is well established that the majority of older people
with glucose intolerance are insulin resistant (4—10). This
is not surprising in view of the high prevalence of obesity
(14) and increased intra-abdominal fat {16,17) in older
people in our society and the association between these
factors and insulin resistance (Fig. 2) {11,32-34). As
shown in this study, however, a subgroup of insulin-
sensitive older men and women have abnormal giucose
tolerance solely because of an inadequate glucose-
stimulated insulin response. Inclusion of this subgroup
was nol envisioned a priori, but during the course of the
study we discovered that some lean older subjects with
normal insulin sensitivity had impaired glucose tolerance
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or mild NIDDM because of a deficient insulin response to
glucose. This observation is not consistent with the work
of DeFronzo (39), who found that normal-weight individ-
uals with NIDDM are typically insulin resistant and tend to
nave insulinopenia only when FPG levels are >8.88 mM.
Our findings confirm those of Amer et al. (43), who also
descriped a subgroup of older men with NIDDM but
normal insulin sensitivity. As in our study, subjects in the
insulin-sensitive NIDDM group studied by Arner differed
from those in the insulin-resistant NIDDM group in that
they were leaner, had a lower WHR, and had a markedly
blunted insulin response to intravenous glucose. We do
not have data on a sufficiently large population to esti-
mate the incidence of this abnormality. In the recruitment
process for the research of which this study was a
component, we used a 75-g OGTT to screen a total of
284 subjects in the 60—72—yr age range with no known
history of impaired or diabetic glucose tolerance. Of
these 284 subjects, 56 had impaired or mildly diabetic
glucose tolerance. In 17 of those 56 subjects, the area
under the OGTT insulin curve was within the range
described in this study for the insulin-deficient, insulin-
sensitive subjects (~30%}.

in those older subjects whose glucose tolerance was
strictly normal, exogenous insulin action was similar to
that found in the young subjects. Note, however, that
despite similar glucose concentrations in these two
groups during the OGTT, insulin concentrations tended
to be higher (P < 0.1} in the older subjects, suggesting
mild insulin resistance. We have no data o explain the
apparent discrepancy between our OGTT and euglyce-
mic clamp results. Other research, however, has re-
ported an age-related increase in the glucose-stimulated
plasma proinsulinfinsulin ratio (44). Because we mea-
sured total immunoreactive insulin, this might explain
what appears as a reduced action of endogenous insulin
(OGTT) relative to that of exogenous insulin {euglycemic
clamp) in the older subjects.

In summary, we found that insulin sensitivity and re-
sponsiveness were normal (i.e., similar to that of young,
lean subjects) in 24 of the 67 older men and women
studied. These older subjects with normal insulin sensi-
tivity had either strictly normal glucose tolerance or
glucose intolerance as a result of an insuiin deficiency.
Few significant differences were evident in regional adi-
posity between the young and older insulin-sensitive
subjects. In contrast, the insulin-resistant older subjects,
whose glucose tolerance ranged from high normal to
mild diabetic, had larger skin-fold thicknesses and cir-
cumferences than the young and older insulin-sensitive
subjects, particularly in the central regions of the body.
Waist cicumference explained >40% of the variance in
insulin sensitivity among young and older men and
women. Age, on the other hand, accounted for only
10-20% of the total variance in insulin action, and <2%
of the variance independent of that explained by waist
circumference. Our data suggest, therefore, that regional
adiposity, rather than age, is the more important deter-
minant of insulin resistance and the associated giucose
intolerance.
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