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Sex Differences in
Plasma Glucose
Thresholds for
Counterregulatory
Hormone Release
and Hypoglycemia
Symptom Perception

Sex has recently been identified as a
relevant factor in blood glucose
(BG) thresholds for cognitive-motor

dysfunction in adult IDDM patients (1,2)
and counterregulatory hormone secretion
in nondiabetic adults (3,4). These studies
suggest that males may be more sensitive
to low BG, both in terms of counterregu-
latory hormone secretion and cognitive-
motor functioning. We attempted to rep-
licate and extend these findings. We
reanalyzed data from a previous insulin
infusion study (5-7), comparing the BG
thresholds for counterregulatory hor-
mone release and symptom perception in
adult IDDM subjects.

Of the adults with IDDM, 19 men
and 22 women were compared. Men and
women did not differ in terms of age
(33.2 ± 6.6 vs. 34.5 ± 9.2 years [means
± SD], NS), duration of disease (11.2 ±
10.9 vs. 14.2 ± 11.3 years, NS), daily in-
sulin (.59 vs. .64 U/kg, NS), or HbAi
(12.2 ±3 .6 vs. 11.3 ±2.3,NS).

Intermediate and long-acting in-
sulins were discontinued 48 h before test-
ing, and overnight euglycemia was main-
tained at —5.6 mmol/1 with a previously
described open-loop insulin infusion al-
gorithm (8,9). At 0800, the subjects were
connected to the Biostator glucose-
controlled insulin infusion system (Miles,
lilkhart, IN) for continuous glucose mon-
itoring and insulin (human regular, Lilly,

Indianapolis, IN) infusion at the rate of 40
jLtmol • kg"1 • h ~ \ The insulin infusion
was continued for 120 min.

Plasma was sampled every 10 min
for the determination of plasma glucose,
epinephrine, and glucagon. Plasma glu-
cose was determined with a glucose oxi-
dase method (Beckman glucose analyzer,
Fulton, CA). Plasma glucagon was deter-
mined by radioimmunoassay (10), and
plasma epinephrine concentration was
determined by a single-isotope derivative
method (11). Immediately before the 10-
min blood draws, subjects rated (0 =
none, 6 = extreme) five autonomic symp-
toms (trembling, pounding heart, sweaty,
cold hands, tense/frustrated) and five
neuroglycopenic symptoms (difficulty
concentrating, confusion, blurred vision,
slurred speech, numb lips).

Using the criteria of other pub-
lished studies, the plasma glucose thresh-
old level was defined as that at which
there was an unequivocal sustained in-
crease in circulating epinephrine and glu-
cagon or an increase in symptom ratings
above baseline level (3,6). For example, if
the plasma epinephrine fluctuated be-
tween 10 and 20 pmol/1 and epinephrine
rose to 81 pmol/1 at 70 min and to 96
pmol/1 at 80 min and sustained this ele-
vation, the plasma glucose level at 70 min
would be identified as the threshold for
epinephrine release. This was done by
two examiners who were blind to the sub-
ject's sex. No plasma glucose thresholds
were found for hormones or symptoms
for three women and two men, i.e., they
did not counterregulate and were there-
fore not included in the data analysis.
Once BG thresholds for each hormone

and each symptom cluster were identified
for each subject, data were divided ac-
cording to sex and analyzed with analysis
of variance.

Relative to the women, the men's
plasma glucose levels were significantly
higher for plasma epinephrine release
(3.2 ± 0.56 vs. 2.8 ± 0.49 mmol/1, P •• •
0.030) and plasma glucagon release
(2.9 ± 0.69 vs. 2.5 ± 0.39 mmol/1, P = =
0.04). However, there were no significant
differences between the men's and the
women's plasma glucose levels for initial
perception of either autonomic (2.9 :•:
0.7 vs. 3.0 ± 0.6 mmol/1) or neuroglyco-
penic symptoms (3.0 ± 0.7 vs. 3.1 :+: 0.8
mmol/1; Fig. 1).

These data are the only available
data on diabetic patients that confirm pre-
vious studies with nondiabetic subjects
demonstrating that men with IDDM re-
spond with epinephrine and glucagon at a
higher plasma glucose level than do
women. This sex difference cannot be ex-
plained in terms of differential metabolic
control, since we found no difference in
HbAj. Also, it cannot be explained by a
differential rate of BG fall, since wom-
en's BG tended to fall faster (0.07
mmol • T ' • min [) than men's (,0.0'5
mmol • I"1 • min"1, NS). Whether dif-
ferential counterregulatory and cogni-
tive responses are centrally or peripher-
ally mediated is yet to be clarified. The
present data do not suggest that sex af-
fects BG thresholds for the perception of
either autonomic or neuroglycopenic
symptoms. Clinically, this may reflect
an inherent danger for men. It is possi-
ble that men may experience hypogly-
cemia counterregulation and cognitive-
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Figure 1—Sex differences in blood glucose thresholds.
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motor impairments at higher BG levels
but may not experience earlier warn-
ing symptoms to prompt self-treatment
by carbohydrate consumption. Addi-
tional support for this differential vul-
nerability comes from a study by Arsla-
nian et al. (12) comparing adolescents
with IDDM during insulin-induced
hypoglycemia. They found that male
subjects' plasma glucose fell faster and
further and recovered slower. The infer-
ence is that men should be encouraged
to treat low BG at the initial presen-
tation of either autonomic or neurogly-
copenic symptoms, since both clusters
of symptoms initially occurred at ~ 3
mmol/1.
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Dialogue Between
Clinicians and
Researchers Will
Lead to a Better
Diabetes
Classification

The special article entitled "The
Pathogenesis and Prevention of Dia-
betes in Adults: Genes, Autoimmu-

nity, and Demography" (1) underscores
the singular importance of diabetes clas-
sification to contemporary diabetes re-
search. The article outlines the major
challenges that the current classification
presents for researchers as well as clini-
cians. This echoes our recent call in the

pages of this journal to revisit the classifi-
cation, illustrating the difficulties it cur-
rently poses for clinicians and its limited
capability to identify homogeneous groups
for researchers (2). The current classifica-
tion is confusing to patients and clinicians
and is inherently difficult to apply. A
meaningful diabetes classification should
have a direct impact on research. The re-
verse is also true. The narrowness of the
current classification is to a large extent
due to the vast underestimation of the
heterogeneity of NIDDM. We strongly
agree with Dr. Zimmet's assertion that
"we have failed the geneticists badly, pro-
viding samples from patients who may
not be truly representative of IDDM and
NIDDM" (1).

The fact that the classification of
diabetes into IDDM and NIDDM is based
on severity and not on etiology does not
form a basis for therapy, does not deter-
mine prognosis, and is not illuminating
for researchers. The lack of true appreci-
ation of the heterogeneity (functional and
etiologic) of NIDDM is negatively affect-
ing research, as Dr. Zimmet has shown.
The chances for breakthroughs in etiol-
ogy and then the finding of a cure will be
enhanced by a classification that em-
braces the heterogeneity of diabetes. Dr.
Zimmet is correct in saying "a major prob-
lem presented by the poor classification of
diabetes in adults is that many clinical re-
search studies on NIDDM may be fatally
flawed" (1). Studies have been polluted
by the inclusion of etiologically heteroge-
neous types under the general rubric of
NIDDM. Also, the atypical diabetes phe-
notypes described in various ethnic
groups, including phasic insulin depen-
dency, contribute considerably to the
global heterogeneity that cannot be cate-
gorized under the NIDDM monolith
(3,4). A new etiologic and therapeutic
classification for diabetes that is meaning-
ful for both clinicians and researchers is
not yet attainable. It is important, how-
ever, to revisit the current classification
and rid it of its historical bipolarity to
serve as a basis for data collection (1,5).
The current classification needs to be
reconciled with its originally stated re-
quirement "that each class contains a
population as homogeneous as possible"
(6). Separating IDDM and NIDDM cur-
rently "is based on rather thin ice" (1).
The information possessed at present
concerning the etiologic heterogeneity of
diabetes is probably not sufficient to en-
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