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ABSTRACT. Insulin secretion and glucose dis-
appearance rate were measured in 66 subjects with a
wide range of fasting plasma glucose levels. The
acute insulin response was present in subjects with
fasting glucose levels below 115 mg/dl but was
absent above this level. The glucose disappearance
rate related to the relative acute insulin response
in subjects with fasting glucose below 115 mg/dl
and to total insulin response when fasting glucose
levels were above 115 mg/dl. A calculated glucose
disappearance rate of 1.06 per cent per minute
was found when the acute insulin response was

zero. All subjects with fasting glucose levels > 115
mg/dl had glucose disappearance rates < 1.06.
These studies support 1) epidemiological .data
indicating 115 mg/dl as an upper limit of normal for
fasting plasma glucose levels and 1.0 per cent per
minute as a lower limit of normal for the glucose
disappearance rate, and 2) evidence for an important
role for the acute insulin response in the determina-
tion of glucose disappearance rates during intra-
venous glucose tolerance tests. (/ Clin Endocrinol
Metab 42: 222, 1976)

I NSULIN secretion following a glucose
stimulus is multiphasic both in vitro in

the perfused pancreas (1) and in vivo follow-
ing intravenous glucose (2,3). The results of
previous studies have shown that when
varying glucose loads were used in normal
subjects, the glucose disappearance rate
(Kg) was a linear function of the acute or first
phase insulin response (the increase over
fasting insulin during the first three to five
minutes) with a maximum for both the Kg
and acute insulin response at twenty grams
of intravenous glucose injected rapidly (4).
A decrease in the early or acute phase of
insulin release following intravenous glu-
cose in subjects with carbohydrate intoler-
ance has been repeatedly described (2,5-
12). We have previously reported pre-
liminary data that selected thin subjects with
fasting hyperglycemia had an absent acute
or early insulin response (8) when a sub-
maximal glucose pulse was given.
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In this study we have explored the rela-
tionships among insulin secretion, fasting
glucose levels, and glucose disappearance
rates during a maximal intravenous glucose
pulse in a much larger group of subjects
with a wide range of fasting plasma glucose
levels.

Materials and Methods

The intravenous glucose tolerance tests were
all consecutive studies on adult subjects eating a
weight-maintaining balanced food or formula
diet, these subjects having had a 20 gram intra-
venous glucose tolerance test performed during
1971 and 1972 in our laboratory. They were not
selected for body weight, plasma lipid levels, or
family history of diabetes. If several intravenous
glucose tolerance tests had been performed, only
the first such test was reported. None of the sub-
jects had uremia, liver or thyroid disease, or an
acute illness other than untreated non-ketotic hy-
perglycemia. Subjects treated with insulin, oral
sulfonylureas, estrogens, or glucocorticoids
were excluded.

The intravenous glucose tolerance test was
performed at bed rest on a metabolic ward
after an overnight fast of 12 to 14 hours as pre-
viously described (3). A 19 gauge scalp vein
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needle was inserted into an antecubital vein and
kept patent with a slow infusion of normal saline.
Blood samples for glucose and insulin measure-
ments were obtained 15, 30, 45, and 60 minutes
after insertion of the needle. Twenty grams of
50% glucose were then injected through the
scalp vein needle in 0.2 to 0.4 minutes; the time
at which one-half of the glucose had been in-
jected was designated as zero time. Post-injec-
tion samples for glucose and insulin were taken
at 3, 4, 5, 7, 10, 15, 20, 25, 30, 45, 60, 90, and 120
minutes. No extravasation of the injected glucose
or subsequent phlebitis occurred in any subject.

The samples for glucose were collected in
EDTA (1 mg/ml) and placed in ice until centri-
fuged at 4 C. The plasma was kept frozen until
subsequently analyzed by the autoanalyzer ferri-
cyanide method. Samples for insulin were
allowed to clot at room temperature and the
serum was frozen and later analyzed by a modifi-
cation of the method of Morgan and Lazarow (13).

Glucose disappearance rates were calculated
from the slope of the logarithm of the glu-
cose level from 10 to 30 minutes. The fasting
insulin level was taken as the mean of the four
samples before the glucose injection. Total incre-
mental insulin response was calculated by com-
puter as the integrated area above the fasting
insulin level from 0 to 120 minutes after the glu-
cose injection. The acute insulin response was
calculated as the area above the fasting insulin
level from 3 to 5 minutes. The relative insulin
response was calculated as the per cent increase

above fasting insulin levels (14) both for the total
time and for the acute insulin response:

incremental insulin area above basal
basal insulin

x 100

Statistical analysis was performed by Student's
t test and the least squares regression analysis.
Results are reported as mean ± 1 standard
deviation.

Results

The increment in insulin level above
fasting in response to intravenous glucose,
in particular the acute insulin response,
was markedly reduced when the fasting
glucose level exceeded 115 mg/dl (Fig. 1).
The acute insulin response was present in
all subjects with a fasting plasma glucose
below 115 mg/dl, whereas there was no
acute insulin response in those subjects
with fasting glucose levels above 115 mg/dl
(Fig. 2). Thus, those subjects with fasting
glucose levels above 115 mg/dl were ex-
amined separately from those with fasting
glucose levels of 115 mg/dl or lower.

Subjects with fasting glucose levels
below 115 mg/dl. In the subjects with fasting
glucose levels below 115 mg/dl (n = 51),
both the acute insulin response above fast-

FiG. 1. Relationship between
incremental acute (three to five
minute) insulin response and
fasting glucose level in all sub-
jects.
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ing (r = .46, P < .001) and the total insulin
response above fasting (r = .56, P < .001)
were correlated with the fasting insulin
level. Therefore, the measures of glucose
metabolism evaluated in this study were
examined in relation in both the absolute
and the relative (i.e., per cent of fasting in-
sulin level) incremental insulin secretion
(1.4,15).

In these subjects there was no relation-
ship between the fasting plasma glucose
level and the relative acute insulin response
(r =* .24) or the absolute acute insulin re-
sponse (r — .06). If the subjects in the pres-
ent study are divided into subgroups based
on fasting glucose levels, those subjects
with fasting glucose levels between 100 and
114 mg/dl tended to have a diminished acute
insulin response compared with the sub-
jects, with fasting glucose levels below 100

mg/dl (Fig. 2, P < .01). A histogram of the
magnitude of both the absolute and the rela-
tive acute insulin response in these sub-
jects appeared to be unimodal, if perhaps
skewed to the side of the higher insulin re-
sponses. Although there was no significant
relationship between the absolute acute
insulin response and the glucose disappear-
ance rate (Kg) (r = .26), Kg was a function of
the relative acute insulin response (r = .49,
P < .001, Fig. 3). There was no relationship
between the Kg and the absolute total in-
sulin response (r = .02) or the relative total
insulin response (r = .08).

Subjects with fasting glucose levels above
115 mg/dl. Since the acute insulin response
was absent in subjects with fasting glucose
levels above 115 mg/dl, no correlation be-
tween glucose levels and the acute insulin
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FlG. 2. Mean relative incremental insulin levels following intravenous glucose in arbitrarily divided sub-
groups of subjects based on. fasting glucose levels. Note presence of acute insulin response in subjects with
fasting glucose levels below 115 mg/dl, and absence of response above 115. mg/dl.
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FlG. 3. Relationship between
glucose disappearance rate and
relative acute insulin response
in subjects with fasting glucose
levels below 115 mg/dl.
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response could be examined. In these sub-
jects the fasting glucose was inversely re-
lated to the total insulin response (n = 15,
r = -.69, P < .01; Fig. 4a) and to the Kg
(r = - .65, P < .01; Fig. 4b). Thus, the Kg was
a function of the total insulin response
(r = .72, P < .005, Fig. 4c) in subjects who do
not have an acute insulin response. There
was also a correlation between the Kg and
the relative total insulin response (r = .49,
P < .05).

Glucose disappearance rate. In the subjects
with fasting plasma glucose levels below 115
mg/dl, the Kg was 1.42 ± 0.46 per cent per
minute. This was significantly greater than
that found in the subjects with fasting
plasma glucose levels above 115 mg per
cent (0.63 ± 0.22 per cent, P < .001, Fig. 5).

Five, of fifty-one, of the subjects with
fasting glucose levels below 115 mg per cent
had Kgs below 1.0 per cent per minute, a
commonly accepted lower limit for normal
(2), while all but one of the subjects with
fasting glucose levels above 115 mg per
cent were below this level (Fig. 5). The sub-
jects with fasting glucose levels below 115
mg/dl who had a Kg below 1.0 per cent
per minute (Fig. 3) had a lower relative
acute insulin response (314 ± 129 per cent)

than those with a Kg above 1.0 per cent per
minute (665 ± 393 per cent, P < .001). In
subjects with fasting glucose levels below
115 mg/dl the regression of the Kg against
the relative acute insulin response (Fig. 3)
intersects the zero acute insulin response
axis at 1.06 per cent per minute.

Discussion

This study demonstrates that the acute
insulin response is consistently absent when
fasting plasma glucose levels exceed 115
mg/dl. Furthermore, the total insulin re-
sponse to intravenous glucose appears to be
markedly diminished in subjects with fast-
ing glucose levels above 150 mg/dl. It is of
interest, therefore, that in community sur-
veys the upper normal limit (mean + 2
standard deviations) for fasting glucose
levels in normal middle-aged populations
has been found to be 113 mg/dl,* 118 mg/dl
(16), and 125 mg/dl (17) for plasma measure-
ments, and 100 mg/dl (18) to 118 mg/dl (19)
for whole blood.

The pathophysiologic meaning of the
loss of the acute insulin response at a dis-
tinct level of circulating glucose is not clear.

* Personal communication, Dr. Ruben Andres,
Baltimore, Maryland.
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FlG. 4. Interrelationship between fasting glucose
levels, total incremental insulin response and glucose
disappearance rate in subjects with fasting glucose
levels above 115 mg/dl. A) fasting glucose and total
incremental insulin response. Correlation for those
subjects with glucose levels above 150 mg/dl was
r = - . 6 4 , P < .02 (y=-0 .178 x +71.2). B) fasting
glucose and glucose disappearance rate. C) total in-
cremental insulin response and glucose disappear-
ance rate.

It may be that fasting hyperglycemia de-
velops as a direct effect of the loss of acute
insulin secretion. Alternatively, the beta
cell response may have a threshold for
stimulation by glucose and this may be made
refractory by persistent hyperglycemia. In
support of this latter concept, Cerasi et al.
(20) have demonstrated in glucose dose-
response studies a glucose threshold for in-
sulin secretion of between 100 and 125
mg/dl. A threshold also has been demon-
strated in the perfused pancreas or pan-
creatic islets where no insulin secretion is
found until the perfusion glucose concen-
tration is elevated to above 100 mg/dl
(21,22). Furthermore, subjects with glucose
intolerance and normal fasting plasma glu-
cose levels have previously been demon-
strated to have a diminished acute insulin
response when rechallenged with a glucose
pulse at elevated glucose levels maintained
by a prolonged glucose infusion (8).

Normal (4,20) and "prediabetic" (20)
subjects with normal fasting glucose levels
respond to increasing glucose loads with
increasing incremental acute insulin re-
sponses. A small number of subjects with
fasting glucose levels greater than 115
mg/dl have been demonstrated to have a
lack of an acute insulin response to 5 grams
of intravenous glucose in a previous study
(8) and now a larger group has shown the
same lack to 20 grams of intravenous glucose
in this study. In studies by others (12), no
acute insulin response was found in diabetic
subjects given doses of glucose over three
times greater than that used in this study
(12). Therefore, it appears that the acute
insulin response is absent with fasting
plasma glucose levels greater than 115 mg/dl
regardless of the amount of glucose given.

The disappearance of the acute insulin
response with fasting hyperglycemia ap-
pears to be specific for the response stimu-
lated by glucose. A similar phenomenon
does not appear to occur with isoproterenol
(23), secretin (24,25), tolbutamide (26,27),
glucagon (28), or amino acids (25,29). The

The Endocrine Society. Downloaded from press.endocrine.org by [${individualUser.displayName}] on 29 August 2014. at 16:45 For personal use only. No other uses without permission. . All rights reserved.



FASTING GLUCOSE LEVELS AND INSULIN SECRETION 227

uniqueness of this abnormality to glucose-
stimulated insulin secretion may relate to a
postulated defect in glucose "receptors" in
the diabetic pancreatic islet (22,23).

The acute insulin response has been
shown to correlate well with the glucose
disappearance rate (Kg) (4,30,31). In the
present study of subjects with widely vary-
ing fasting insulin levels, confirmation of
this finding with intravenous glucose was
only observed after elimination of the ef-
fects of variations in basal insulin level on
the insulin response by calculating the rela-
tive insulin response. This method of ex-
pressing the insulin response to glucose
was used because the fasting insulin levels
were found to correlate with the magnitude
of the acute insulin response to intravenous
glucose in a fashion similar to that shown
previously for the insulin response to oral
glucose (14). When the Kg was examined in
terms of the relative insulin response, there
was a significant correlation between Kg
and relative insulin response in the sub-
jects with fasting glucose levels below 115
mg/dl. In no study has a correlation higher
than 0.7 been demonstrated, indicating that
no more than fifty per cent of the variance
in Kg is due to the acute release of insulin.
Since the Kg is 1% per minute in the ab-
sence of an acute insulin response, the Kg
is clearly dependent upon other factors in
addition to the acute insulin secretory re-
sponse (31). The finding that the Kg is
even lower when the insulin response to
glucose totally disappears suggests a
physiological role for the insulin secreted
during the second phase. Clearly, then, any
insulin secreted may be physiologically
"effective," no matter when it it secreted,
but the major difference between normal
and hyperglycemic subjects is the presence
of an insulin response at the early time
periods after intravenous glucose.

"Normal" values for glucose disappear-
ance rates during intravenous glucose
tolerance tests have been developed from
epidemiological studies. Results in this

study suggest that a Kg below which a gross
defect in insulin secretion can be expected,
can be approximated from knowledge of the
fasting plasma glucose level on a constant
diet. Those subjects with fasting glucose
levels above 115 mg/dl had no acute insulin
response, and all but one had a Kg below 1.0
per cent per minute, while 46 of 51 sub-
jects with fasting plasma glucose below 115
mg/dl had Kg values above 1.0. The regres-
sion of the KG against the relative acute
insulin response (Fig. 3) in subjects with
fasting glucose levels below 115 mg/dl
intersects the zero acute insulin response at
a Kg of 1.06%/min which lends physiological
meaning to the Kg of 1.0 per cent per
minute determined as the lower limit of
normal in other studies (2).
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FIG. 5. Comparison of glucose disappearance rates in
subjects with fasting glucose levels above and below
115 mg/dl.
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The subjects with fasting glucose levels
below 115 mg/dl, Kgs below 1.0 per cent
per minute, and reduced relative acute
insulin responses may be comparable to
those subjects characterized as "predia-
betic" by Cerasi and Luft. Their "predia-
betic" subjects were defined as those who
had low ten-minute insulin responses (2).
They also had significantly lower glucose
disappearance rates (12,32),-and some were
thinner than control populations (33),
which, because of the associated lower
fasting insulin levels, may account for
smaller early insulin responses. Indeed,
many of their different groups of "predia-
betics" with low insulin responses were
noted to have increased insulin sensitivity
(2), and thus they may have counter-regu-
lated to low insulin responses entirely on
this basis. The acute insulin response in the
"prediabetic" subjects of Cerasi and Luft
suggested a mode distinct from normal (2), a
finding which could not be confirmed in the
present study. Whether the subjects with
low Kgs and fasting glucose levels below
115 mg/dl, the subjects with fasting glucose
levels between 100 and 114 mg/dl, or the
"prediabetic" subjects of Cerasi and Luft
will eventually develop hyperglycemia,
and are thus truly prediabetic can only be
determined by prospective studies (32).
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