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these results are to be expected. It is
important not to confuse the terms gly-
cemic index and glycemic response; they
mean different things and have different
mathematical and statistical properties.
The glycemic index standardizes glyce-
mic response areas to each individual's
response to a standard food, thus cor-
recting for between-subject variation.
The figure, drawn from our 1990 data,
shows the percentage of the total vari-
ance of the glycemic responses and gly-
cemic index values attributable to the
order of testing, the different foods
(bread, rice, and spaghetti), order-food
interaction,2 subject (between-subject
variation), and error (within-subject vari-
ation) (4). Most of the variation of the
blood glucose response areas was attrib-
utable to between-subject variation.
However, expressing the results as glyce-
mic indexes, the proportion of the total
variance attributable to between-subject
variability is reduced markedly. This is
the purpose of the glycemic index.

It also should be pointed out that
expressing results as the glycemic index
reduces total variability by reducing only
between-subject variation without affect-
ing within-subject or between-food vari-
ation (Table 1). The between-subject
variation of glycemic responses in this
study is large because both IDDM and
NIDDM subjects were studied and the
subjects were selected to be dissimilar so

Table 1—Sources of variation of glycemic
response areas and glycemic index values
expressed as SDs and CVs

GLYCEMIC

RESPONSE GLYCEMIC

AREA INDEX

Partitioning of Variance

Incremental Blood Glucose Response Areas

SOURCE OF

VARIANCE
cv CV

SD SD

FOOD

WITHIN-SUBJECT

BETWEEN-SUBJECT

262
210
408

31
25
49

22.9
15.9
5.8

30
21

Glycemic Index

Data from reference 4.

FIG. 1—Sources of variance of gfycemic re-

sponses and gfycemic index values expressed as

percentage of total variance. Data from (4).

as to increase between-subject variation
(4).
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Hazard of Glucagon
Test in Diabetic Patients

Hypertensive crisis in
asymptomatic pheochromocytoma

Plasma C-peptide response to gluca-
gon has been widely applied for a
measure of insulin secretory capac-

ity or classification of insulin-requiring
or non-insulin-requiring diabetic pa-
tients (1,2). On the other hand, glucagon
has been used for the diagnosis of pheo-
chromocytoma as provocative test,
which can precipitate a severe pressor
response and even a hypertensive crisis.
Patients with pheochromocytoma are of-
ten associated with diabetes mellitus, in-
dicating the danger of glucagon test in
such cases. To the best of our knowl-
edge, no such case has been reported.
We present a case of asymptomatic
pheochromocytoma, which was inciden-
tally diagnosed because of the occur-
rence of hypertensive crisis during glu-
cagon test for evaluation of |3-cell
function.

A 50-yr-old Japanese woman
(1.64 m, 57 kg, body mass index 21.2
kg/m2) was referred to our hospital in
December 1990 for uncontrolled diabe-
tes mellitus. She had been taking hypo-
glycemic agents for 6 yr and had no
history of hypertension. On admission,
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plasma glucose was 25.4 mM and HbAx

was 12.8%. Diabetes was controlled
eventually with 16 U Novolin 30R (Novo
Nordisk, Bagsvaerd, Denmark), and she
was discharged 5 January 1991. Her
blood pressure had been quite normal
(100-120/70 mmHg) during admission.
In February 1991, her postprandial
blood glucose increased to >16.8 mM
(302 mg/dl), and urinary glucose was
>100 g/day, despite increased insulin
dosage. To assess the P-cell function,
glucagon test was performed 5 March
1991. After a bolus injection of 1 mg
glucagon, she complained of palpitation,
chest discomfort, nausea, and throbbing
headache. Her blood pressure rose to
180/100 mmHg followed by the devel-
opment of generalized urticaria. Initial
diagnosis was glucagon anaphylaxis, and
the patient was treated with prompt ad-
ministration of 100 mg hydrocortisone
phosphate i.v. One hour later, her blood
pressure fell to 156/96 mmHg, and skin
eruptions disappeared. About 12 h later,
she suddenly complained of headache,
chest discomfort, and nausea. Because of
continuous symptoms and frequent
vomiting, she sought another consulta-
tion. Her blood pressure was 220/90
mmHg, pulse rate was 84 beats/min and
regular, and blood glucose was 25.8 mM
(464 mg/dl). The suspicion of pheochro-
mocytoma prompted us to administer
orally 1 mg doxazosin mesilate, a long-
acting a-receptor blocking agent, and
her blood pressure fell to 100/70 mmHg.
Urinary norepinephrine and epinephrine
were elevated (142 and 61.3 |xg/day, re-
spectively). In April, left adrenal pheo-
chromocytoma (17 g) was removed, and
her diabetes was controlled with 26 U
insulin.

Asymptomatic pheochromocyto-
mas incidentally discovered by new im-
aging techniques have been increasingly
reported (3). The incidence of pheochro-
mocytoma in the diabetic population is
not so high compared with only 11 func-
tional pheochromocytomas in > 120,000
diabetic cases at the Joslin Clinic (Bos-
ton, MA) (4). In a 50-yr autopsy series of

40,078 patients at the Mayo Clinic, how-
ever, the prevalence of pheochromocy-
toma was 0.13%, suggesting more undi-
agnosed cases in diabetes (5). In our
experience, the mean ± SD body mass
index of 9 patients with pheochromocy-
toma was 19.1 ± 2.4 kg/m2 (range
16.0-22.6 kg/m2), significantly lower
than those in untreated non-insulin-
dependent diabetes mellitus (23.9 ±3 .0
kg/m2, n = 109) and in nondiabetic
(22.7 ± 3.5 kg/m2, n = 79) subjects.
Glucagon test should be performed in
diabetic patients, particularly thin pa-
tients, under the precautionary measures
with phentolamine or nifedipine for
hypertensive attacks, although they may
be asymptomatic and not hypertensive.
Furthermore, this case suggests that glu-
cagon may cause a paroxysmal hyperten-
sion even after several hours.
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Isolated Fatty Change
of Liver as Marker of
Glucose Intolerance

The hepatomegaly more commonly
found in diabetic subjects is due to
fat (1). Creutzfeldt et al. (2) pooled

the data of >1750 liver biopsies and
found that fatty infiltration of the liver in
diabetic patients was 25-78%, with a
higher prevalence in maturity-onset
(non-insulin-dependent) diabetic pa-
tients with respect to juvenile- onset (in-
sulin-dependent) diabetic patients (63
vs. 21%, respectively). The pathophysi-
ology of this condition is complex but
seems related to an increased fatty acid
afflux to the liver, as a consequence of
enhanced lipolysis by adipose tissue,
which in turn may lead to increased for-
mation of triglycerides and lipoprotein
and hepatic accumulation of fat.

We examined 30 consecutive pa-
tients with an ultrasonography diagnosis
of fatty liver (3) made by chance during
a regular check-up. Subjects ranged in
age from 31 to 68 yr, and mean ± SD
body mass index was 2 7 + 1 kg/m2.
Common laboratory tests for liver func-
tions were in the normal range: In par-
ticular, aspartate amino transferase was
23 ± 6 U/L (normal values 0-29), ala-
nine amino transferase was 22 ± 6 U/L
(0-29), and 7-GT was 31 ± 8 U/L ( 8 -
38). Erythrocyte sedimentation rate was
also normal. None of the subjects gave a
history of previously known hepatic ill-

1438 DIABETES CARE, VOLUME 15, NUMBER 10, OCTOBER 1992

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/15/10/1437/441559/15-10-1437.pdf by guest on 18 April 2024


