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» FROM RESEARCH TO PRACTICE -

Mechanism of Awareness of
'Hypoglycemia: Perception of Neurogenic
+ (Predominantly Chohnermc) Rather

Than Neuroglycopenic Symptoms
S CRAFT. und P. CRYER

DA TOWLER CE HAVLIN. S
Diabetes 42/ 7Ul-0y, 1993,
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Summary and Commentary by Walter P. Borg, MD,
and William V. Tamborlane, MD

Objective. To study how to reproduce
hypoglycemia-related symptoms, objec-
tively discern neurogenic (autonomic)
from neuroglycopenic symptoms. and
address whether hypoglycenmia aware-
nuss by the result of perceived neurogenic
Or neUrog ycopenic SYmploms.

: pe
hunger tmghng) These mechamsn:s
also-mediate hypoglycemia. aware-
ness. Adrenergtc mechanisms medi-
ate other neurogenic symptoms such
-as, shakmg and tremulousness; heart
poundm and’ anxxety and nervous-
ness Hypoglycexma awaréness. is
-largely, if not excluswely, ‘due o
.._pauents abﬂlty 1o perceive and. mter- -
pret neumgcmc rather than neurovly-
; copcmc symptoms. -
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glycemia with panautonomic adrenergic
and chlorinergic blockade using phento-
lamine. propranotol. and atropine.
Cognitive function tests, which mea-
sured global cognitive function, atten-
tion, and memory, and hormone and
metabolic measurements were also per-
formed during each study. Blood pres-
sure and heart rate were monitored

0.00D). and anxiety and nervousness (P <
0.002). Significant neurogenic choliner-
gic symptoms included swe ating (P <
0.001). hunger (P < 0.001Y. and ungling
(£ =0.009). Significant [1"[!1&)"1\{.096”5\.

sjects. Ten healthy young adults (7 throughout.

men, 3 women. 22--29 vears of age).

Measurements. Hypoglycemia aware-
niess (i.e., u subjective perception of low
bloud glucoses. 16 hypoglycemia-refated
sviptoms, and 3 unrelated control symp-
wms were measured on four occasions in
rundom sequence. The four occasions
were as follows: /) during clamped eug-
fycemia (~5 mM [90 mg/dl]): 2) during
clamped hypoglycemia (~2.5 mM [45
mefdi]): ) during clamped hypo-
giveemia with combined a- and B-adren-
crgic blockade (phentolamine and
propranolol): and 4) clamped hypo-

The mean

blockade (0.6 £ 0.3).
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+C O M M E

{n the mid-1980s, the glucose clamp technique was adapted as a

test 1o assess the response to hypoglycemia. This paved the way

tor numerous studies that have greatly enhanced our knowiedge

ahout factors that intluence the response o and recognition of

hypoglycemia. Towler und colleagues™ study is an excellent

L\Jmph. of how the clamp technigue can be Lombined wiih
ich components of the autonomic nervous system contribute
- symptomatic hypoglycemia awareness.

Ten or fifteen years ago, hypoglycemic symptoms would
have been broadly divided into early adrenergic warning symp-
toms und subsequent neuroglycopenic symptoms if blood glu-
cuse levels continued to fall. This study confirms that symptoms
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Results. Significant (analysis of vari-
ance P < 0.001) treatment effacts on
hypoglycemia awareness were noted.
+ SE score for this symptom
did not change during euglycemia but did
increase during hypoglycemia (2.1 %
0.4). This increase was not reduced sig-
nificantly by adrenergic blockade (1.6 =
0.5) but was reduced significantly and
substantially (~70%) by panautonomic

Significant neurogenic adrenergic
symptoms included shaking and tremu-
fousness (P < 0.001), heart pounding {P <

symptoms. those prodused by h¥po-

glycemia but not reduced by panauto-
nomic blockade, included warmth (£ <
0.001), weakness (P = 0.011). dstncully
thinking and confusion (£ = (. 004, and
tiredness and drowsiness (£ = 0.003;

Conclusions. The authors concluded
that cholinergic mechanisms mediate an
important, previously uncharucterized
component of the neurogenic symptoms
of hypoglycemia and hypoglycemia
awareness. Hypoglycemia awareness is
largely, perhaps exclusively, the result of
whether patients perceive neurogenic
rather than neuroglycopenic symptoms.
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N T A R Y-

caused by mild-to-moderately reduced blood glucose levels are
mediated by activating the sutonomic nervous systen. Cryer's
group in St. Louis, from which this paper comes. hus re-termed
these “neurogenic™ sy mptois.

However, many warning symptoms (i.c. sweating. hunger,
and tingling) appear to be mediated by cholinergic. mther than
adrenergic, mechanisms because panautonomic blockade sup-

pressed these symptoms but adrenergic blockade alone did not,

Surprisingly, the same response pattern was seen for the more
global- symptoms of low blood glucose. Adrenergic blockade
alone substantially decreased other symptoms. such .13 shaking
and heart pounding.
These findings are difficult to interpret because the blocking
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agents directly affect the central nervous system., which could
make hypoglycemia harder to recognize. Towler's study illus-
trates this by the changes observed in cognitive function when
blocking agents were infused before blood glucose was
reduced. To overcome this obstacle, David Kerr, MD,* who was
a member of our group, used the glucose clamp procedure in a
different way. He directly examined the effects of the rise in
counterregulatory hormones on symptoms scores in the
absence of hypoglycemia.

Kerr compared hypoglycemic symptoms scores in 10 healthy
subjects during a hypoglycemic clamp (plasma glucose lowered
from 5.0 to 2.8 mM) with those during a euglycemic clamp com-
bined with exogenous epinephrine, norepinephrine. cortisol,
glucagon, and growth hormone nfusions to mimuc the plasma
hormone profile observed during the hypoglycemic clamp
study. Although the hormone infusions caused adrenergic symp-
toms o increase, as they did during the hypoglycemic clamp,
hunger, sweating, and “feeling low” did not increase.

These data are entirely consistent with Towler's. His data
also showed the importance of activating endogenous choliner-
gic mechanisms. The exogenous infusions of norepinephrine,
which functions as a neurotransmitter, probably had little physi-
ological effect.

A strength of this study is that the investigators addressed
clinically refevant questions using a scientifically rigorous study
design. Nevertheless, no one study can cover all the bases. For
example, determining how cholinergic blockade alone affected
the responses to hypoglycemia would have been interesting,
Another caveat is that compared with how accurate many of the
measurements in this siudy are, the symptoms scores are subjec-
tive and imprecise. and the scores during hypoglycemia

Hypoglycemic Thresholds for Cognitive

Dysfunction in IDDM

J.D. BLACKMAN, V.L. TOWLE, J. STUIRS. G.F. LEWIS,
L.P.SPIRE, and K.5. FOLONSKY
Diabetes 41:392-99, 1992,
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increased only modestly (1-2 points on a 7-point scaie).

The study results tend to downplay the importance of adren-
ergic symptoms in recognizing “feeling low™ in nondiabetic
subjects. Would the same be true for patients with nsulin-
dependent diabetes meilitus {IDDM). who have had ample
opportunity to relate such adrenergic svmptoms o fow blood
glucose readings on their monitors at home? With experience,
even patients who lack neurogenic symptoms may be abie (o
detect early neurogl}copuuc symptoms. such ax difficutty
thinking, before more severe cerebral imparments iy ene

[f-the rise in plasma epmephnm levels that accompanies
hypoglycemia is not critically important for recognisng s po-

glycemia in patients with diabetes. does that impls that ‘uh;m -
gic blocking agents can be sately used in patents with IDOM?
The ability of these agents to block responsive increases in Fatty
acids and lactate, and presumably other aspects of endogenous
counterregulation, argue such a conclusion. m
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matctied control subjects have similar
cogmtlve 1mpamnent at. blood glu-
vels by
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’was«measured with P300
event related potenual and reaction

Summary and Commentary by Irl B. Hirsch, MD

Objective. To determing the cognitive
threshold for patients with poorly con-
trolled insulin-dependent diabetes melli-
tus (IDDM).

Subjects. Ten nondiabetic volunteer
subjects and 14 age-matched IDDM
patients with poor glycemic control
{HbA . 11.0 = 0.5% {upper limit of nor-
mal 6.5%]).

Measurements. A stepped hypo-
glycemic clamp with a constant insulin
infusion and a variable rate glucose infu-
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sion was initiated at 8:00 a.m. At the
beginning of the study, blood glucose
was clamped at 5.1 mM (92 mg/dl).
decreased to 3.5 mM (63 mg/dl), and
decreased again to 2.5 mM (45 mg/di). A
meai was consumed. and blood glucose
levels rose to baseline and then to post-
meal levels. A control study with blood
glucose levels clamped at the basal fevel
was performed to control for practice
effects and the effects of fatigue.

The primary measurement was the
P300 event-related potential, a measure

txme in:Tesponse.'to. visual 'stimuli.
Thesc measurements of neurooly-
<are:more:sensitive than
tradmonal symptom,scores and cog-
- nitive’ funcucn=tests Differences in
“study - design’ may ‘explain why this
study’s results differ from those of
other reports.

of cognitive function and reaction time in
response to visual stimuli. The P300
latency reflects the sengory and cognitive
processing time associated with decision
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