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and Normal-Weight Volunteers, and in Underweight and Normal-Weight Cancer
Patients: A Clinical Research Center Study
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Severe malnutrition (<65% ideal body weight [IBW]) is associated with reduced insulin secretion, decreased receptor affinity,
and glucose intolerance. To characterize the abnormality of mild malnutrition in terms of insulin action, both the insulin
sensitivity index and insulin secretion were measured in 15 underweight and 15 normal-weight volunteers. Ten patients had
localized squamous cell carcinomas of the head and neck, and 20 were normal controls. After a 10-hour overnight fast, all
volunteers were studied using Bergman’s modified intravenous (IV) glucose tolerance test (IVGTT). Body weight and diagnosis
were compared using a 2 x 2 ANOVA. The acute insulin response to IV glucose was reduced in normal-weight and
underweight cancer patients by approximately 40% to 50% (P < .05). Both groups of cancer patients had a significantly
reduced rate of glucose disposal (1.25 = 0.29 and 1.27 = 0.23 %/min) compared with the healthy volunteers (1.82 + 0.21 and
1.81 = 0.24 %/min, respectively, P < .05). Glucose production (GP) was significantly increased in the underweight cancer
patients versus the weight-matched volunteers {13.9 = 1.3 v 10.8 = 0.5 pmol/kg/min, P < .05). Normal-weight and under-
weight cancer patients had a 32% to 44% reduction in insulin sensitivity (P < .05). In contrast to the effects of cancer,
underweight controls had twice the insulin sensitivity compared with normal-weight controls {P < .01}). Since insulin
secretion decreased in underweight controls, the increased insulin sensitivity may have been due to an increased insulin action

and to factors associated with leanness.
Copyright © 1997 by W.B. Saunders Company

LUCOSE INTOLERANCE is commonly observed in
severe malnutrition (ideal body weight [IBW] 65% of
normal), due to decreased insulin secretion.! In diabetes, severe
malnutrition decreases insulin secretion, glucose disposal, and
hepatic insulin receptor affinity.? The alterations of insulin
sensitivity with mild weight loss are not well documented in
either cancer patients or normal volunteers. Animal studies have
demonstrated that early malnutrition is associated with a
transient increase in insulin sensitivity.? Euglycemic-hyperinsu-
linemic clamp studies in non-tumor-bearing animals have
demonstrated that early malnutrition increases the ability of
insulin to inhibit endogenous glucose production (GP) and to
stimulate glucose disposal.#

The insulin response to an oral glucose load is normal in
cancer patients compared with weight-matched volunteers.>%
No studies have documented the insulin response to an intrave-
nous (IV) glucose tolerance test (IVGTT) in weight-matched
patients with a single tumor type.’ The paucity of data on insulin
sensitivity and insulin secretion in underweight adults and
cancer patients prompted this study.

In an attempt to clarify the importance of body weight and
cancer to glucose tolerance, we studied 15 underweight (<<100%
IBW) and 15 normal-weight subjects. Ten had head and neck
cancer, and 20 were normal volunteers. We selected the
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modified IVGTT to evaluate the secretory capacity of the B cell
to both glucose and an insulin secretagogue (tolbutamide), and
to determine the glucose disposal rate. The modified IVGTT
was selected because it can identify early abnormalities in
glucose tolerance that may provide insight into the mecha-
nism(s) responsible for changes in insulin sensitivity. Our
hypothesis was that tumor necrosis factor-alpha (TNF-a) con-
centrations would be elevated in underweight cancer patients
and that these concentrations would be inversely correlated with
insulin sensitivity.

SUBJECTS AND METHODS

Fifteen normal-weight (=100% IBW) volunteers (with and without
cancer) were compared with 15 underweight (<100% IBW) volunteers
(with and without cancer). No one was physically active (exercise > once
per week: jogging, etc.), and all of the cancer patients were ambulatory
and not restricted to bed. No one had a family history of diabetes.
Fasting plasma glucose concentrations were measured in all volunteers
before obtaining informed consent. Any volunteer with a fasting blood
glucose greater than 6.7 mmol/L, overt diabetes mellitus, or clinical
evidence of cirrhotic liver disease, renal disease, or anemia (hemato-
crit < 30) was excluded.

All volunteers consumed a 200-g carbohydrate diet 3 days before
study. The mean 24-hour dietary food intakes were similar for cancer
patients (2,110 £ 330 cal/d, mean = SEM) and normal-weight volun-
teers (2,420 = 520). Cancer patients and normal volunteers were
admitted to the Clinical Research Center at Harbor-UCLA Medical
Center under Internal Review Board approval. IBW was determined
using the Metropolitan Life Tables based on age, gender, and height.
The Clinical Research Center dietitian performed standardized anthro-
pometry, measuring triceps skinfolds and mid-arm circumference of the
left arm with established methods. Muscle mass was estimated with the
formula used by Forbes and Bruining,” using height and mid-arm
muscle area.

After an overnight fast, in vivo insulin sensitivity and insulin
secretory patterns were measured using the modified IVGTT.® This
model uses a computed mathematical analysis to relate the change in
plasma insulin to plasma glucose clearance after a 1-minute bolus of IV
glucose (300 mg/kg body weight), followed 20 minutes later by an IV
bolus of tolbutamide (500 mg). Plasma glucose and insulin concentra-
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tions were measured at —15, —10, =5, —1, 2, 3,4, 5, 6, 8, 10, 12, 14,
16, 19, 22, 23, 24, 25, 27, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160,
and 180 minutes though a double-stopcock system. C-peptide, gluca-
gon, growth hormone (GH), cortisol, insulin-like growth factor-I
(IGF-T), TNF-a, and thyroid hormone levels were measured at time
zero. Insulin, C-peptide,® growth hormone,'® cortisol,'! glucagon,'?
TNF-a,!3 and thyroid hormone levels were measured using established
methods. IGF-I level was measured as acid ethanol-extracted IGF-I as
previously described.’ Serum protein levels, liver function, and
cholesterol concentrations were measured in the hospital clinical
chemistry laboratory. Glucose level was measured with an ABA-100
analyzer (Abbott, South Pasadena, CA) by a glucose oxidase method.

The next morning, a primed, continuous (25 pCi, 0.3 pCi/min)
infusion of 6-3H-glucose (100% pure; New England Nuclear; Boston,
MA) was administered over a 4-hour period. Blood was obtained for
glucose specific activity at 180, 200, 220, and 240 minutes as previously
described.!” Five normal volunteers and two cancer patients elected not
to complete the radioactive infusion study on day 3.

Data analysis was performed using both the BMDP biostatistical
package and the Bergman modified minimal model program.® Frac-
tional glucose disposal was determined as a first-order rate constant
from 8 to 19 minutes. The total insulin area under the time curve was
determined by summation of the area determined by the formula for a
trapezoid. The acute plasma insulin response was determined by
measuring the mean insulin response at 2, 3, 4, 5, 6, 8, and 10 minutes
after IV glucose. The insulin response after IV tolbutamide was also
determined as the mean response at 22, 23, 24, 25, 27, and 30 minutes.
In both cases, the baseline insulin concentration (time zero and time 20,
respectively) was subtracted from the mean response. A 2 X 2 ANOVA
was performed with (1) underweight versus normal-weight and (2)
cancer versus noncancer comparisons. Simple linear regression analysis
and multiple-step regression analysis were performed using the method
of least squares. Significance was defined as P less than or equal to .05.

RESULTS
Patient Characteristics

Ten patients with localized head and neck cancer and 21
normal volunteers were screened. One normal patient was
found to have an elevated fasting glucose, and was therefore
eliminated from the data analysis. Six cancer patients were
stage IV, one stage III, two stage II, and one stage I at the time of
study. There was no evidence of metastatic disease. Two
patients were studied at the time of tumor recurrence 14 and 6.5
months after the initial diagnosis. One had surgery and radiation
therapy, and one had radiation therapy alone. Both returned to
medical care with a new tumor recurrence, and were studied
within 7 days of diagnosis. Patients were studied after mean of
12 % 7 days from diagnosis of the primary tumor (n = 8) or
recurrence (n = 2). None of the patients had received chemother-
apy before the study. All volunteers were without known
diabetes or recent infections. Table 1 describes patient character-
istics. Normal-weight cancer volunteers were older than normal-
weight noncancer volunteers. Underweight groups (cancer and
noncancer) had similar anthropometric measurements (Table 1).
Muscle mass and fat area were also similar.

Fasting insulin was higher and IGF-I and triiodothyronine
(T3) lower in cancer patients (Table 2). Fasting thyroxine, GH
cortisol, and TNF-a concentrations were normal. Being under-
weight was associated with a mild reduction in fasting insulin
and C-peptide concentrations (Table 2). Serum protein, uric
acid, cholesterol, and glucagon concentrations and liver-
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Table 1. Patient Characteristics and Anthropometric Data
{mean = SEM)
Normal-Weight Underweight
Cancer Cancer
Normals Patients Normals Patients
Parameter (h=11) (n=4) {n = 8) {n = 6)
Age {yr} 48 + 2 60 = 2 48+ 3 52 = 3%
Weight (kg) 834 83x9 64 =3 50 x 4t
BMI {(kg/m?) 265+06 262=*+25 19906 17.56=0.8t
IBW (%) 112 = 2 114 =9 86 =3 75 = 3t
MAC {cm) 5214 51x4 38+3 28 £ 4t
TSF (mm}) 18=x2 175 10=1 8 x 2t
Mid-arm fat{cm?) 33 x4 3211 15=2 10 = 2t
Muscle mass (kg) 32x2 31=x2 24+ 3 18 = 3t

Abbreviations: BMI, body mass index; IBW, ideal body weight;
MAC, mid-arm circumference; TSF, triceps skinfold thickness.

*P = .05 by ANOVA, cancer groups vnormal groups.

TP = .01 by ANOVA, normal-weight (cancer patients and normals) v
underweight {cancer patients and normals).

function tests were not different among the four groups (data not
shown).

Insulin Secretion

The acute insulin response was significantly reduced by 40%
to 50% in cancer patients (Fig 1A and B). Cancer had no effect
on the post-tolbutamide amount of insulin secretion (+2% for
normal-weight and —23% for underweight respectively,
P > 05). Total insulin secretion over the 180 minutes was not
reduced in the cancer groups (—10% for normal-weight and
—30% for underweight, P > .05). Underweight individuals,
independent from the effects of cancer, had a 40% (range, 37%
to 43%) reduction in total insulin secretion (P < .05), which
may have been secondary to a smaller glucose load (300 mg/kg
body weight). This is supported by the observed lower instanta-
neous glucose (Go) at time zero (Table 3). Total insulin
secretion was directly correlated with BMI (Fig 2).

Insulin Sensitivity

Cancer patients had a 32% to 44% reduction in insulin
sensitivity (P <<.05) compared with weight-similar healthy

Table 2. Fasting Hormonal Profile (mean + SEM)

Normal-Weight Underweight

Cancer Cancer
Variable Normals Patients Normals Patients
Insulfin (pmol/L) 66 =9 824 35 x5 67 x 10*t

C-peptide (pg/L) 0.31 £0.09 0.33 £0.03 0.15 = 0.03 0.27 = 0.03%

Cortisol (pg/dL)  99=19 89x08 123+21 13.1+38
GH {pg/L} 08x03 05=x01 2.1 =11 2.9 = 1.4%
IGF-I {pg/L) 316 £26 250*29 29525 217 * 30%
Tz (nmol/L) 1.72 £ 0.17 1.18 + 0.35 1.55 = 0.17 1.13 + 0.18*
Thyroxine

(nmol/L) 806 86 + 27 719 739
TNF-a (pg/mL) 128 +06 11.2*+02 14.1+18 135=07

*P = .05 for cancer effect by ANOVA, cancer groups v normal
groups.

TP = .05 for body weight effect by ANOVA, normal-weight {(cancer
patients and normals) v underweight (cancer patients and normals).

1P = .08 by ANOVA, normal-weight v underweight.
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Fig 1. Acute insulin response to IV glucose for (A} normal-weight and (B) underweight volunteers. Cancer patients had a significantly reduced
acute insulin response as the area under the time curve and at 2, 3, 4, and 5 minutes (P < .05). Note different Y-axis scale.

controls (Tabie 3). However, insulin sensitivity increased greater
than twofold (110%) in underweight healthy volunteers and
increased 65% in underweight cancer volunteers (Table 3)
compared with the respective normal-weight groups.

Glucose Metabolism

The volume of glucose distribution was slightly but not
significantly increased in the cancer volunteers (Table 3).
Glucose disposal was significantly reduced by 30% in the

Table 3. Glucose Parameters and Inshlin Sensitivity in Volunteers
and in Head and Neck Cancer Patients Following IV Glucose and
Tolbutamide Administration (mean = SEM)

Normal-Weight . Underweight
Caricer Cancer
Parameter Normals Patients Normals Patients
Insulin secretion,
time Q to 180
{pmol/min) 438 =80 338+91 274+52 194 = 34t
Instantaneous
glucose at time
0 (mmol/L) 158 +0.3 161 +2.0 13.8=0.4 125=0.8%
Glucose distribu-
tion (L) 13904 15.0+17 133x08 135=*13
Glucose disap-
pearance
(%/min) 1.82 = 0.21 1.25 = 0.29 1.81 = 0.24 1.27 = 0.23*
Insulin sensitivity
{min-—'- 10-9y/ )
pU/mL 25x04 1705 52x07 2.8 = 0.5%F

*P = .05 for cancer effect by ANOVA, cancer groups v normal
groups. ' ‘ '

1P = .05 and $P < .01 for body weight effect by ANOVA, normal-
weight (cancer patients and normals) v underweight (cancer patients
and normals).

cancer groups compared with the normal controls. Glucose
disposal was similar in underweight and normal-weight controls
(1.82 and 1.81 %/min) and cancer patients (1.25 and 1.27
%/min). Consistent with a decrease in glucose disposal, cancer
patients had a significant reduction in insulin sensitivity (Table
3).

Multiple-step regression analysis (r> = .72, P < .001) of the
current data demonstrated that glucose disposal was correlated
directly with the T; concentration (r = .48, P < .05), insulin
sensitivity index (r = .44, P < 05), and acute insulin response
(r = 42, P < .05) and inversely correlated with the volume of
glucose distribution (r = —.67, P. < .05). The lower T; concen-
tration and first-phase insulin response suggests that these two
factors may have contributed to the reduced glucose disposal
observed in cancer patients. '
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Fig 2. Correlation between BMI (kg/m2} and total insulin secretion
{pmal/180 min) determined as area under the curve {time 0 to 180
minutes). {C) Cancer patients; (@) normal volunteers (r= 582,
P < .05). As BMI decreases, insulin secretion incr in both
patients and normal volunteers.




INSULIN SENSTIVITY IN UNDERWEIGHT VOLUNTEERS

Independent from the cancer, insulin sensitivity was signifi-
cantly increased in underweight cancer (2.8 v 1.7 min~! - 10~
(MU/mL), P < .05) and underweight normal volunteers (5.2 v
2.5, P < .05; Table 3). This observation suggests that a decrease
in adiposity (leanness) can increase insulin sensitivity.

Insulin Sensitivity and Anthropometry

Body weight, as a percent of IBW, was inversely correlated
with insulin sensitivity in healthy volunteers (r = —.655,
y =13.18 — 0.094x, n = 20, P < .005) and cancer patients
(r=—.610, y = 528 - 0.032x, n = 10, P = .06). Adiposity,
as estimated by BMI, was also inversely correlated with insulin
sensitivity in both normal volunteers (r = —.64,
y = 1226 — 0.36, n =20, P < .05) and cancer patients
(r=—.65y=535-014x, n = 10, P < .05; Figs 3A and
B). Upper-arm fat area was also inversely correlated with
insulin sensitivity for normal volunteers (r = —.52, P < .05)
and cancer patients (r = —.63, P = .05). These data would
suggest that adiposity as estimated by either BMI or upper-arm
fat area is inversely correlated with insulin sensitivity.

Hepatic GP

Hepatic GP was significantly elevated in the underweight
cancer patients compared with noncancer volunteers (Table 4).
Fasting glucose concentrations were also increased in both
cancer groups. GP was directly correlated with serum cortisol in
the underweight cancer group (r = .63, P <.05) and in the
normal-weight volunteers (r = 46, P < .09).

DISCUSSION
Insulin Sensitivity in Underweight Individuals

This study has demonstrated that being underweight (with
and without cancer) increases insulin sensitivity. Similar to
what has been demonstrated here, underweight animals have an
increase in insulin sensitivity® until they are severely malnour-
ished!? (<65% of usual weight!?). Our most underweight
individuals had a body weight at 67% of IBW (cancer patient)
and 68% of IBW (normal volunteer). Their insulin sensitivity
was increased at 4.73 and 4.57 min~! - 10-%U/L), respectively.
Our data confirm that insulin sensitivity was significantly
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Table 4. Fasting Hepatic GP {(mean + SEM)
Normal-Weight Underweight
Cancer Cancer
Normals Patients Normals Patients

Glucose production

(pmol/kg/min} 10.1 = 0.4 10.1 = 0.6 10.8 £ 0.6 13.9 = 1.3*t
Fasting glucose con-

centration

{(mmol/L} 58+01 64x04 5701 61x03*%

*P < .05 for cancer effect by ANOVA, cancer groups v normal
groups.

tP < .01 for body weight effect by ANOVA, normal-weight (cancer
patients and normals) v underweight (cancer patients and normals).

increased in the underweight individuals. The site of the
increased insulin sensitivity (muscle or liver) is not known.
Insulin sensitivity in the muscle increases by 70% in patients
with anorexia nervosa when measured by a euglycemic-
hyperinsulinemic clamp method.!¢ However, anorexia nervosa
may not typify simple malnutrition. Glucose utilization in
underweight individuals (body weight, 49.3 = 5.0 kg) increases
above normal after refeeding.!” However, the rate of glucose
disposal was not increased in the underweight volunteers
(cancer patients or normals), which suggests that insulin
sensitivity was due to an increased insulin effectiveness. '

Insulin Secretion in Malnutrition

Total insulin secretion was reduced by 40% in the under-
weight (normals and cancer patients) individuals, This similar
reduction in total insulin secretion in the underweight groups
does not account for the significant reduction in insulin
sensitivity seen in cancer patients and normal volunteers (Table
3). However, the lower first-phase insulin secretion in the
cancer groups (Figs 1A and B) may have been responsible for
the reduced insulin sensitivity seen in cancer. The explanation
for the increased insulin sensitivity in both underweight groups
is not known.

Besides the effects of malnutrition, insulin secretion also
decreases with advancing age. Although the cancer patients
were older, there was no correlation between age and insulin
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secretion or action. Weight loss in NIDDM and obese patients
reduces proinsulin and insulin secretion, increases insulin
cleardance, and improves insulin sensitivity.'® A reduced total
insulin secretion may be secondary to an improved insulin
sensitivity. A recent study suggests that an abnormal insulin
action may be more responsible for glucose intolerance than a
blunting of insulin secretion.’* In cancer patients, a 40%
reduction in the first-phase insulin secretion may be the cause of
the decreased insulin sensitivity observed in cancer, but another
mechanism, such as elevated hepatic GP, may be responsible.

Insulin Resistance in Cancer

The reduced first-phase insulin secretion, decreased glucose
disposal, and increased glucose prodiction seen in the cancer
volunteers is similar to that seen in type II diabetes.!1%2° Cancer
volunteers, like diabetics, have a reduced hepatic sensitivity to
insulin.2*2! Low-dose insulin administration, under euglycernic
clamp conditions, fails to rapidly suppress endogenous GP.20:21
Fasting GP is not always elevated in normal-weight cancer
patients,>?° but is commonly elevated in normal-weight patients
with sarcoma?! or lung cancer.> Approximately 70% of under-
weight cancer patients have an elevated GP5 GP increases as
malnutrition progresses in cancer patients.>22 It is unlikely that
a 30% increase in GP seen in the underweight cancer patients
would reduce insulin sensitivity. If this were irue, one would
expect GP to be elevated by a similar degree in the normal-
weight cancer patients (Table 4).

Glucose disposal was reduced by 30% in both the normal-
weight and underweight cancer volunteers (Table 3). Dogs with
lymphoma also have a 30% reduction in glucose disposal.*
Patients with pancreatic,?® colon,? head and neck,? or gastroin-
testinal2® cancer or lymphoma?” have a reduced glucose utiliza-
tion by the euglycemic-hyperinsulinemic glucose clamp tech-
nique. Unlike the discordant effects of weight loss on GP, both
normal-weight and underweight cancer patients have a reduced
glucose utilization.® As early as 48 hours after a tumor
resection, glucose utilization returns toward normal.? This has
been confirmed by others to occur 14 days after colon cancer
surgery.? The rapid nature of this improvement would suggest
that one mechanism responsible may be tumor-mediated.

Another explanation for the reduced glucose disposal may be
an increase in the volume of glucose distribution. A 14%
increase in our patients was similar to a 15% increase observed
by Reichard et al?® in a small group of head and neck cancer
patients. A 40% to 47% increase in the volume of glucose
distribution has been observed in patients with colon and
gastrointestinal carcinomas.?>>? The increased glucose pool size
was associated with an increase in glucose carbon recycling. 230
However, a larger volume of distribution would only contribute
to insulin insensitivity if the glucose distribution was to
non-insulin-sensitive tissues (tumor, etc.).

Hormonal Factors Associated With Glucose Metabolism

TNF-a was a likely candidate to explain the reduced insulin
sensitivity in cancer patients, but fasting plasma TNF-o. was not
correlated with the observed abnormalities in insulin action.
Unlike what has been reported previously,®! TNF-a was not
elevated or correlated with glucose disposal. Serum cortisol,
while not significantly elevated in the cancer groups, was
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significantly correlated with GP in the normal-weight volun-
teers and underweight cancer patients. Serum cortisol has
recently been demonstrated to be directly correlated with
gluconeogenesis in normals and cancer patients.’ The de-
creased glucose utilization and elevated GP may be due to an
insulin resistance associated with an increased cortisol secre-
tion.

Earlier studies suggested that GH may increase GP in cancer
pdtients,2? since it is commonly elevated in malnutrition.
However, GH administration failed to simulate GP,>* and GP
was not correlated with an elevated GH secretion.3

IGF-I concentration was significantly reduced in both groups
of cancer patients. IGF-I administration fails to increase nonoxi-
dative glucose disposal,® so it is unlikely that the observed
reduction in IGF-I was responsible for the decrease in glucose
disposal.

Reductions in thyroid hormone have been implicated as a
factor contributing to a reduced glucose utilization.2%* Patients
with head and neck cancer have a reduced glucose utilization
that is correlated (r = .66) with T; concentration.2’ T has also
been directly correlated with both oxidative and nonoxidative
glucose utilization in normal volunteers.® Multiple-step regres-
sion analysis (r* = .72, P < .001) of the current data demon-
strated that glucose disposal was directly correlated with the T
concentration, insulin sensitivity index, and acute insulin re-
sponse and inversely correlated with the volume of glucose
distribution. The lower T; concentration and the correlation
with glucose disposal suggest that T; may have contributed to
the reduced insulin sensitivity. A prospective study testing this
hypothesis will be required to confirm this observation.

Insulin Sensitivity and Adiposity

Normal volunteers have an inverse relationship of insulin
sensitivity with a BMI that ranges from 52.2 to 19.5.37 Our data
demonstrate that this relationship also continues to a BMI as
Tow as 15.5 (Fig 3). While insulin sensitivity increased, the rate
of glucose disposal was unchanged. This would suggest that the
increased insulin sensitivity was associated with an increased
insulin effectiveness at the site of the liver for normal volun-
teers. Animal research in undernutrition has demonstrated that
noncancer littermates who are 70% of normal weight have an
increased insulin sensitivity at the liver and skeletal muscle as
measured by a euglycemic-hyperinsulinemic clamp.* Under-
weight individuals in our study did not have an increased
glucose disposal, but did have increased insulin sensitivity.

In summary, underweight volunteers have a significant
increase in insulin sensitivity that is most likely due to their
reduced adiposity and increased insulin action. On the other
hand, normal-weight and underweight cancer patients have a
blunted first-phase insulin response, reduced glucose disposal,
and reduced insulin sensitivity. The reduced T; concentration in
cancer patients was directly correlated with glicose disposal
and may have contributed to the reduced insulin sensitivity.
Underweight cancer patients also had a significant elevation in
fasting GP, which suggests that insulin resistance occurs at both
the muscle and the liver. The increased insulin sensitivity in
normal volunteers may have been due to the greater first-phase
insulin response to IV glucose. The reasons for a blunting of the
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first-phase insulin response and a reduced glucose disposal in
cancer volunteers are not known.

ACKNOWLEDGMENT

We wish to recognize the technical and computer assistance of
Richard Bergman, and we thank Dave Heber for his guidance, and Jo

145

Anne Brasel for reviewing the manuscript. We thank Connie Soriano,
RN, and Merlyn Dubria, RN, for their valuable work with the inpatient
studies; Mary Grosvenor, RD, for nutritional evaluations and dietary
apalysis; Vincent Atienza, Stephanie Griffiths, Mario Paredes, Maria
Lajoie, Lynda Sutter, Ron Nadjafi, and Ed Chang for technical
assistance; and all the nurses of the Clinical Research Center for their
help and cooperation.

REFERENCES

1. Rao RH: Diabetes in the undernourished: Coincidence or conse-
quence? Endocr Rev 9:67-87, 1988

2. Rao RH, Menon RK: Chronic malnutrition impairs insulin
sensitivity through receptor and postreceptor defects in rats with mild
streptozocin diabetes. Metabolism 42:772-779, 1993

3. Crace CJ, Swenne [, Kohn PG, et al: Protein-energy malnutrition
induces changes in insulin sensitivity. Diabete Metab 16:484-491, 1990

4. Esriva E, Kergoat M, Bailbe AM, et al: Increased insulin action in
the rat after protein malnutrition early in life. Diabetologia 34:559-564,
1991

5. Tayek JA: A review of cancer cachexia and abnormal glucose
metabolism in humans with cancer. ] Am Coll Nutr 11:445-456, 1992

6. Rutanen EM, Stenman S, Blum W, et al: Relationship between
carbohydrate metabolism and serum insulin-like growth factor system
in postmenopausal women: Comparison of endometrial cancer patients
with healthy controls. J Clin Endocrinol Metab 77:199-204, 1993

7. Forbes GB, Bruining GJ: Urinary creatinine excretion and lean
body mass. Am J Clin Nutr 29:1359-1366, 1976

8. Bergman RN, Phillips LS, Cobelli C: Physiological evaluation of
factors controlling glucose tolerance in man: Measurement of insulin
sensitivity and beta-cell glucose sensitivity from the response to
intravenous glucose. J Clin Invest 68:1456-1457, 1981

9. Kuzuya H: Determination of free and total insulin and C-peptide
in insulin-treated diabetes. Diabetes 26:22-29, 1977

10. Odell WD, Rayford PL, Ross GT: Simplified, partially auto-
mated method for radioimmunoassay of human thyroid-stimulating,
growth, luteinizing, and follicle-stimulating hormones. J Lab Clin Med
70:973-980, 1967

11. Farmer RW, Prince CE: Plasma cortisol determination: Radioim-
munoassay and competitive binding compared. Clin Chem 20:411-414,
1974

12. Unger RH, Eisentraut LE, McCall MS, et al: Glucagon antibod-
ies and an immunoassay for glucagon. Proc Exp Biol Med 120:621-623,
1959

13. Anna-Maija T, Maury CPJ: Radioimmunoassay of tumor necro-
sis factor in serum. Clin Chem 33:2024-2027, 1987

14. Daughaday WA, Mariz IK, Blether SL: Inhibition of access of
bound somatomedin to membrane receptor and immunobinding sites: A
comparison of radioreceptor and radioimmunoassay of somatomedin in
native and acid-extracted serum. J Clin Endocrinol Metab 51:781-788,
1980

15. Tayek JA, Bergner EA, Lee WP: Correction of glucose carbon
recycling for the determination of “‘true” hepatic glucose production
(HGP) rates by 1-13C-glucose. Biol Mass Spectrom 20:186-190, 1991

16. Zuniga-Guajardo S, Garfinkel PE, Zinman B: Changes in insulin
sensitivity and clearance in anorexia nervosa. Metabolism 35:1096-
1100, 1986

17. Church JM, Hill GL: Impaired glucose metabolism in surgical
patients improved by intravenous nutrition: Assessment by the euglyce-
mic-hyperinsulinemic clamp. Metabolism 37:505-509, 1988

18. Polonsky KS, Gumbiner B, Ostrega D, et al: Alterations in
immunoreactive proinsulin and insulin clearance induced by weight
loss in NIDDM. Diabetes 43:871-877, 1994

19. Basu A, Alzaid A, Dinneen S, et al: Effects of a change in the
pattern of insulin delivery on carbohydrate tolerance in diabetic and

nondiabetic humans in the presence of differing degrees of insulin
resistance. J Clin Invest 97:2351-2361, 1996

20. Tayek JA: Reduced non-oxidative glucose utilization in cancer
patients is associated with a low triiodothyronine concentration. J Am
Coll Nutr 14:341-348, 1995

21. Shaw JHF, Humberstone DM, Wolfe RR: Energy and protein
metabolism in sarcoma patients. Ann Surg 207:283-289, 1983

22. Tayek JA, Bulcavage L, Chlebowski RT: Relationship of hepatic
glucose production (HGP) to growth hormone and severity of malnutri-
tion in a population with colorectal carcinoma. Cancer Res 50:2119-
2122, 1990

23. Cersosimo E, Pisters PWT, Pesola G, et al: The effect of graded
doses of insulin on peripheral glucose uptake and lactate release in
cancer cachexia. Surgery 109:459-467, 1991

24. Vail DM, Ogilvie GK, Wheeler SL, et al: Alterations in
carbohydrate metabolism in canine lymphoma. J Vet Int Med 4:8-11,
1990

25. Copeland GP, Leinster SJ, Davis JC, et al: Postoperative glucose
metabolism as assessed by the hyperglycemic glucose clamp. J R Coll
Surg Edinb 33:330-338, 1988

26. Yoshikawa T, Noguchi Y, Mastsumoto A: Effects of tumor
removal and body weight loss on insulin resistance in patients with
cancer. Surgery 116:62-66, 1994

27. Minn H, Nuutila P, Lindholm P, et al: In-vivo effects of insulin on
tumor and skeletal muscle glucose metabolism in patients with lym-
phoma. Cancer 73:1490-1498, 1994

28. Reichard GA, Moury NF, Hochella NJ, et al: Quantitative
estimation of the Cori cycle in the human. J Biol Chem 238:495-501,
1963

29. Long CL, Merrick H, Grecos G, et al: Glucose metabolism and
colorectal carcinoma. Metabolism 39:494-501, 1990

30. Lundholm K, Edstrom S, Karlberg I, et al: Glucose turnover,
gluconeogenesis from glycerol, and estimation of net glucose cycling in
cancer patients. Cancer 50:1142-1150, 1982

31. McCall IL, Tuckey JA, Parry BR: Serum TNF-alpha and insulin
resistance in gastrointestinal cancer. Br J Surg 79:1361-1363, 1992

32. Tayek JA, Katz J. Glucose production, recycling, coricycle and
gluconeogenesis in humans with and without cancer: Relationship to
serum cortisol concentration. Am J Physiol (in press)

33. Tayek JA, Brasel J: Failure of anabolism in malnourished cancer
patients with growth hormone administration. J Clin Endocrinol Metab
80:2082-2087, 1995

34. Tayek JA: Growth hormone physiology and glucose metabolism
in lung cancer patients. Endocrine 2:1055-1059, 1994

35. Hussain MA, Schmitz O, Mengel A, et al: IGF-1 stimulates lipid
oxidation, reduces protein oxidation, and enhances insulin sensitivity in
humans. J Clin Invest 92:2249-2256, 1993

36. Muller MJ, Burger AG, Ferrannini E, et al: Glucoregulatory
function of thyroid hormones: Role of pancreatic hormones. Am J
Physiol 256:E101-E110, 1989

37. Kahn SE, Prigeon RL, McCulloch DK, et al: Quantification of
the relationship between insulin sensitivity and B-cell function in
human subjects: Evidence for a hyperbolic function. Diabetes 42:1663-
1672, 1993



