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OBJECTIVE — To identify hormonal, psychological, and demographic predictors of symp-
tom detection and accuracy of blood glucose estimation during mild hypoglycemia in adoles-
cents and young adults with type 1 diabetes.

RESEARCH DESIGN AND METHODS — During an insulin-glucose clamp study, 53
adolescents and 19 young adults estimated blood glucose levels and reported symptoms at
euglycemia and after 30 min of mild hypoglycemia (3.3 mmol/l). Epinephrine and pancreatic
polypeptide were measured, and both change in anxiety level during hypoglycemia and baseline
level of anxiety were measured with the Spielberger Anxiety Inventory. Elevated levels of anxiety
during euglycemia were used as an indicator of the psychological trait “negative affectivity.”
Previous studies have suggested that individuals with higher negative affectivity are more inter-
nally focused and, therefore, more likely to report somatic and visceral changes.

RESULTS — During mild hypoglycemia, 42% of the sample subjects reported an increase in
autonomic symptoms; 29% reported an increase in neuroglycopenic symptoms, and 28% esti-
mated blood glucose levels accurately (within 10% of actual). Hormonal excursions did not
predict any outcome, but higher anxiety levels during the euglycemic baseline were associated
with better detection of hypoglycemic symptoms and more accurate estimation of blood glucose
values after controlling for change in anxiety level during hypoglycemia.

CONCLUSIONS — Psychological factors such as elevated anxiety levels (“negative affectiv-
ity”) can influence blood glucose estimation and symptom detection in adolescents and young
adults and may explain why some individuals are more adept than others at reducing their risk
of severe hypoglycemia after participation in a formal blood glucose awareness training program.
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P reventing the occurrence of even
mild hypoglycemia is critically im-
portant for individuals with diabe-

tes, considering the strong link between
recurrent hypoglycemia and develop-
ment of hypoglycemia unawareness (1).
Blood glucose awareness training has

been advanced as a strategy to avoid hy-
poglycemia by teaching individuals to use
the appearance of autonomic and neuro-
glycopenic symptoms as indicators of de-
creasing blood glucose levels (2).
Unfortunately, neither adults nor chil-
dren are particularly adept at identifying

hypoglycemia-associated symptoms or
estimating blood glucose values reliably
(3). One early study noted that 76% of
adults with type 1 diabetes overestimated
blood glucose values during experimen-
tally induced hypoglycemia (4), and
pediatric research has found that adoles-
cents are significantly less accurate at es-
timating blood glucose than young adults
(accuracy index 7 vs. 32%, respectively)
(5). The magnitude of these errors is large:
one diabetes camp–based study found
low blood glucose values to be overesti-
mated by an average of 57 mg/dl (6). Sim-
ilarly inaccurate estimations have also
been reported by younger children and
their parents (7).

Individual differences in the ability to
detect hypoglycemic symptoms have
been attributed primarily to variations in
the suppression of hormonal counter-
regulation induced by prior hypoglyce-
mia (8), but there is increasing evidence
that psychological factors may also con-
tribute. Using structural equation model-
ing statistical techniques, Hepburn et al.
(9) found that higher levels of neuroti-
cism were associated with increased
reporting of autonomic and neuroglyco-
penic symptoms in a large sample of
adults with diabetes. According to per-
sonality theorists, individuals with higher
levels of neuroticism are more likely to be
anxious and depressed, experience feel-
ings of guilt, have lower self esteem, be
tense, shy, and moody or emotional, and
seem irrational (10). One aspect of neu-
roticism found to be particularly relevant
to health status is “negative affectivity,” a
psychological state that is characterized
by a negative mood and elevated levels of
distress, and can be measured with self-
report anxiety scales (11,12). The single
study to examine the relationship be-
tween this personality dimension and ac-
curate symptom detection in children
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with diabetes found that, as predicted,
higher anxiety was correlated with iden-
tification of low blood glucose symptoms,
as well as with beliefs and expectations
about symptoms of hypoglycemia (13).

All prior pediatric studies examining
symptom detection and accuracy of blood
glucose estimation have used an ambula-
tory observational methodology in which
subjects reported symptoms and esti-
mated blood glucose levels periodically
over the course of several weeks. A major
problem with the use of a field study ap-
proach is the lack of experimental control.
Not only do these studies rely on naturally
occurring episodes of hypoglycemia,
which vary in number and depth across
subjects, but they require a high level of
patient initiative to correctly record both
symptoms and self-monitored blood glu-
cose test results (3). Therefore, we used
the insulin-glucose clamp technique (14)
to determine the extent to which hor-
monal activation (changes in epinephrine
and pancreatic polypeptide), psychologi-
cal factors (hypoglycemia-associated
changes in anxiety level and euglycemic
baseline level of anxiety), and demo-
graphic characteristics (age and sex) af-
fected symptom detection and blood
glucose estimation during experimentally
induced hypoglycemia. Drawing on the
previous cross-sectional descriptive re-
search that suggested a link between per-
sonality characteristics and symptom
detection (9), and using subjects’ baseline
self-reported anxiety scores as an indica-
tor of the personality trait known as neg-
ative affectivity (11), we predicted that
high baseline anxiety levels would have a
significant influence on symptom detec-
tion and blood glucose estimation.

RESEARCH DESIGN AND
METHODS

Study subjects
A total of 53 adolescents, aged 12–18
years (mean � SD 14.9 � 1.9 years), and
19 adults, aged 19–30 years (24.4 � 3.4
years) were selected from the Children’s
Hospital of Pittsburgh (CHP) diabetes
registry to represent a wide range of gly-
cemic control. All subjects were diag-
nosed before 18 years of age, had a
diabetes duration of �2 years, and had
full-scale intelligence quotients between
80 and 135. None had clinically detect-
able diabetes complications (e.g., retinop-
athy, albuminuria) or other chronic

disorders (e.g., seizure disorder) and were
euthyro id (some were tak ing L -
thyroxine). As part of a larger research
project on hypoglycemia-associated
changes in mental efficiency, each subject
participated in two clamp studies, per-
formed in random order 2 months apart:
a standard hypoglycemic clamp and ei-
ther a euglycemic clamp (with or without
epinephrine infusion) or another hypo-
glycemic clamp with �- and �-blockade.
This report is restricted to symptom data
from the standard hypoglycemic clamp.
Subjects were told that their blood glu-
cose level might decrease or might stay
the same; they were blinded to actual
blood glucose values throughout each
clamp. The CHP Human Rights Commit-
tee approved this research protocol, and
all subjects (and parents of minor chil-
dren) gave written informed consent.

Procedures
Subjects were admitted to the General
Clinical Research Center at CHP 1 or 2
days before the clamp study and com-
pleted intelligence and academic achieve-
ment tests at that time. Intermediate
insulin was omitted the day before the
study, and euglycemia was maintained by
four injections of regular insulin before
meals and an insulin infusion pump. Two
intravenous catheters, one for blood sam-
pling (dorsal hand vein) and one for glu-
cose and insulin infusion (antecubital
vein), were inserted in the nondominant
arm. To achieve overnight euglycemia, a
variable-rate intravenous infusion of reg-
ular pork insulin was started at 10:00 P.M.
Hyperinsulinemic clamp studies were
performed after a 10-h overnight fast. At
8:00 A.M., the intravenous insulin infusion
rate was increased to 0.1 unit � kg�1 � h�1,
and the resulting plasma free insulin con-
centration was maintained at �600 pmol/l
for the entire study. Serum glucose levels
were manipulated by infusing 20% dex-
trose at a variable rate to maintain the des-
ignated target value. Blood was obtained
from a heated nondominant hand vein at
5-min intervals for determination of arteri-
alized serum glucose concentrations. Every
15 min, blood was drawn for measurement
of plasma free insulin and counterregula-
tory hormones.

At the beginning of the experiment,
serum glucose was clamped at 5.5–6.0
mmol/l and a stable euglycemic baseline
was maintained for 60–90 min. In the last
30 min of that period, a brief battery of

mental efficiency tests was administered,
similar to that described elsewhere (14),
and cerebral blood flow was measured
(15). Just before and immediately after
that assessment, subjects were asked to
rate the presence and severity of a series of
symptoms, to estimate their blood glu-
cose values, and to indicate whether their
blood glucose level was normal, high, or
low. Hypoglycemia was induced immedi-
ately after completion of these tests by de-
creasing the intravenous glucose infusion
over a 20- to 25-min period, until blood
glucose values reached 3.3 mmol/l. The
hypoglycemic nadir was maintained for
60 min. After 30 min of hypoglycemia,
symptoms were ascertained and mental
efficiency was assessed; immediately there-
after, symptoms were ascertained again.
Euglycemia was then re-established by in-
creasing the glucose infusion rate over a
15-min period. It was maintained for 60
min; in the last 30 min of the euglycemic
period, subjects repeated the tests.

Symptom assessment
Subjects heard a list of 15 possible symp-
toms and rated each from 0 (absent) to 3
(severe). A relatively restricted rating
scale was used because our pilot studies
indicated that younger children were not
able to reliably use a 5- or 7-point rating
scale. Six symptoms were considered to
be autonomic (sweaty, shaky, heart
pounding, hungry, nervous, and stom-
achache); four symptoms were consid-
ered to be neuroglycopenic (blurred
vision, difficulty thinking, dizzy, and
sleepy); and five symptoms were consid-
ered nonspecific (headache and feeling
different) or “fillers” (thirsty, ringing ears,
and yellow vision) and were not analyzed
further (16). If “hungry” or “sleepy” were
endorsed, subjects were asked to differen-
tiate hypoglycemic symptoms from hav-
ing missed breakfast or from lying in bed.
Although symptom ratings were com-
pleted periodically during the course of
the study, this analysis was restricted to
the symptom ratings that were made just
before the mental efficiency assessment:
after at least 30 min of euglycemia and
after 30 min of hypoglycemia. Immedi-
ately after rating symptoms, subjects esti-
mated their blood glucose level.

Assessment of anxiety
The Spielberger Anxiety Inventory (17) is
a 20-item self-report rating scale that was
administered just before the symptom
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ratings. The difference between the eugly-
cemic and the hypoglycemic scores pro-
vided an estimate of hypoglycemia-
induced change in anxiety state. To
estimate the personality trait of negative
affectivity, anxiety scores obtained during
the euglycemic baseline assessment were
dichotomized, using a value of 31 or more
as indicative of higher negative affectivity.
This approach was taken because self-
reported anxiety has previously been
found to provide a reasonable estimate of
negative affectivity (12). The average
score on this measure for high school stu-
dents (17), and for the subjects in this
study, was 30.

Laboratory methods
Serum glucose was measured by the glu-
cose oxidase method with a YSI glucose
analyzer (YSI, Yellow Springs, OH).
Plasma levels of epinephrine were deter-
mined in blood collected in glutathione-
containing tubes and measured by a high-
pressure liquid chromatographic method

(LCEC capsule N-46; Bioanalytical Sys-
tems, Lafayette, IN) in the first 4 years of
the study; thereafter, the ESA system
(ESA, Chelmsford, MA) was used. Base-
line levels of epinephrine tended to be
lower with the new instrument, but incre-
mental changes were not different. Pan-
creatic polypeptide was measured with a
charcoal radioimmunoassay modified
from that of Chance et al. (18). HbA1c
values were also measured by high-
performance liquid chromatography
(Bio-Rad, Richmond, CA). The upper
limit of normal values for our laboratory is
6.1%, and the mean value for our adoles-
cent pediatric type 1 diabetes population
is 8.3%.

Statistical analyses
For both the autonomic and neuroglyco-
penic symptom clusters, ratings for each
of the six autonomic and four neurogly-
copenic symptoms were summed, and
dif ference scores (hypoglycemia-
euglycemia) were also calculated for each

cluster. Analyses used summary scores,
rather than individual symptom scores,
because the overall pattern of symptom
reporting is highly idiosyncratic across in-
dividuals (6,19). Multivariate associa-
tions were examined using hierarchical
linear regression modeling for continuous
outcome variables (changes in symp-
toms) and logistic regression techniques
for dichotomous variables (blood glucose
accuracy). All analyses were conducted
using SPSS statistical software for Win-
dows (version 10.1; SPSS, Chicago, IL).

RESULTS — Characteristics of the
sample are summarized in Table 1.

Autonomic symptom detection
Hierarchical linear regression techniques
were used to identify multivariate predic-
tors of symptom change from euglycemia
to hypoglycemia. Hypoglycemia-
associated increases in pancreatic
polypeptide and epinephrine (dichoto-
mized as values that are elevated 2 SD
above the euglycemic mean) were entered
on Block 1, change in anxiety score from
euglycemia to hypoglycemia was entered
on Block 2, anxiety level during euglyce-
mia (dichotomized at the median) was en-
tered on Block 3, and age and/or sex were
entered on Block 4. This approach allows
us to examine, in a systematic fashion,
the independent contribution of changes
in hormone level, changes in anxiety in-
duced by hypoglycemia, general pre-
existing levels of anxiety, and other
demographic variables as predictors of
autonomic symptom detection during
hypoglycemia. Because preliminary anal-
yses found no relationship between
symptom change and HbA1c, metabolic
control was not included in the multivar-
iate modeling.

Results for all subjects are summa-
rized in the upper left panel of Table 2.
Model IV includes all four blocks of vari-
ables. It is clear that hormone changes are
not significantly associated with changes
in autonomic symptom reporting (Model
I). On the other hand, change in anxiety
score (Model II) and anxiety at euglyce-
mia (Model III) each independently con-
tribute significantly. Age is a marginally
significant predictor (Model IV); younger
subjects tended to report more autonomic
symptoms. Sex was not significant and
was deleted. The final model accounts for
a modest 23.5% of the total variance, us-
ing the entire sample.

Table 1—Characteristics of entire sample

N 72

Age (years) 17.4 � 4.8
Adolescents 74%
Men 49%
Duration of diabetes (years) 8.1 � 5.5
Full-scale intelligence quotient 104.9 � 13.1
State anxiety score at euglycemia 32.9 � 8.1
Subjects elevated anxiety scores at euglycemia 53%
State anxiety score at hypoglycemia 35.8 � 10.5
Blood glucose at euglycemia (mmol/l) 5.85 � 0.5
Blood glucose at hypoglycemia (mmol/l) 3.28 � 0.2
Subjects estimating blood glucose accurately (�10%) at euglycemia 38%
Subjects estimating blood glucose accurately (�10%) at hypoglycemia 28%
HbA1c (%) 8.6 � 1.4
Mean epinephrine increase at hypoglycemia (pmol/l) 707 � 1,092
Subjects with clinically elevated epinephrine 34%
Mean pancreatic polypeptide increase at hypoglycemia (pmol/l) 68.5 � 127.4
Subjects with clinically elevated pancreatic polypeptide 42%
For all subjects:

Autonomic symptom score at euglycemia 0.8 � 1.3
Autonomic symptom score at hypoglycemia 1.6 � 2.2
Subjects reporting increased autonomic symptoms at hypoglycemia 42%
Neuroglycopenic symptom score at euglycemia 0.4 � 0.8
Neuroglycopenic symptom score at hypoglycemia 0.9 � 1.6
Subjects reporting increased neuroglycopenic symptoms at hypoglycemia 29%

For “reliable reporters”:
Autonomic symptom score at euglycemia (N � 62) 0.6 � 1.2
Autonomic symptom score at hypoglycemia 1.8 � 2.3
Neuroglycopenic symptom score at euglycemia (N � 66) 0.3 � 0.8
Neuroglycopenic symptom score at hypoglycemia 1.0 � 1.7

Data are means � SD unless otherwise indicated.

Predictors of symptom detection
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An examination of the autonomic
symptom change data indicated that 14%
of the entire sample had negative scores—
that is, they reported more symptoms at
euglycemia (1.9 � 0.9) than at hypogly-
cemia (0.4 � 0.7). To determine whether
our overall pattern of results would be al-

tered if these “unreliable reporters” were
omitted from the analyses, we repeated
the hierarchical linear regression analysis.
As noted in the upper right panel of Table
2, the results are essentially the same, al-
though a greater proportion of the vari-
ance is now explained by the final model

(36 vs. 23.5%), and anxiety level at eug-
lycemia is more influential than the
change in anxiety score from euglycemia
to hypoglycemia.

Neuroglycopenic symptom detection
The same statistical approach was used to
predict change in neuroglycopenic symp-
tom reports for all subjects. As presented
in the lower left panel of Table 2, change
in anxiety score was a significant predic-
tor for all subjects (Model II), as was sex
(Model IV); level of anxiety was margin-
ally significant (Model III). The final
model (Model IV) indicates that although
hormone excursions during hypoglyce-
mia are not associated with changes in
neuroglycopenic symptom reporting,
change in anxiety score, anxiety at eugly-
cemia, and sex are each significant predic-
tors. Together, these variables explain
�34% of the total variance. Age was not
associated with symptom change and was
deleted. When the analyses were repeated
using only reliable reporters (Table 2,
lower right panel), a similar pattern of re-
sults was obtained.

Accuracy of blood glucose estimates
The subjects estimated their blood glu-
cose levels immediately after completion
of the symptom questionnaire, and differ-
ence scores (estimated – actual value)
were calculated. Subjects with blood glu-
cose estimates within 10% of actual val-
ues were considered to be accurate
estimators, and 28% met that criterion.
The average blood glucose error was
0.03 � 0.2 mmol/l for accurate estimators
and 1.7 � 1.6 mmol/l for inaccurate esti-
mators.

Hierarchical logistic regression tech-
niques, with predictor variables entered
in blocks, were used to predict accuracy
of glucose estimation. In addition to the
predictors described above, change in au-
tonomic (Block 5) and neuroglycopenic
symptoms (Block 6) were also included.
For all subjects, neither epinephrine nor
pancreatic polypeptide (Block 1) pre-
dicted glucose estimation accuracy (P �
0.20), nor did the change in anxiety score
from euglycemia to hypoglycemia (Block
2; P � 0.20). Higher anxiety at euglyce-
mia contributed significantly to the pre-
diction model (Block 3: �2 � 6.2; P �
0.013) as did older age (Block 4: �2 � 6.4;
P � 0.011) and increase in autonomic
symptoms (Block 5: �2 � 5.4; P � 0.02).
Odds ratios (CIs) for all significant pre-

Table 2—Hierarchical regression models for autonomic and neuroglycopenic symptom change
from euglycemia to hypoglycemia for all subjects and for “reliable reporters”

Model Change in autonomic symptoms

All subjects
(N � 70)

“Reliable
reporters”
(N � 62)

� P � P

I Pancreatic polypeptide 0.135 �0.20 0.303 0.03*
Epinephrine 0.191 0.16 0.172 �0.20
Total R2 0.080 0.174

II Pancreatic polypeptide 0.137 �0.20 0.304 0.03*
Epinephrine 0.205 0.12 0.178 0.19
Change in anxiety score 0.247 0.03* 0.187 0.12
Total R2 0.141 0.209

III Pancreatic polypeptide 0.068 �0.20 0.226 0.09
Epinephrine 0.225 0.08 0.188 0.15
Change in anxiety score 0.264 0.02* 0.195 0.08
Anxiety at euglycemia 0.238 0.04* 0.326 0.006†
Total R2 0.194 0.310

IV Pancreatic polypeptide �0.004 �0.20 0.149 �0.20
Epinephrine 0.233 0.07 0.189 0.14
Change in anxiety score 0.301 0.009† 0.242 0.03*
Anxiety at euglycemia 0.236 0.04* 0.317 0.006†
Age (years) �0.217 0.07 �0.244 0.04*
Total R2 0.235 0.361

Model Change in neuroglycopenic symptoms

All subjects
(N � 70)

“Reliable
reporters”
(N � 66)

� P � P

I Pancreatic polypeptide �0.058 �0.20 �0.077 �0.20
Epinephrine 0.121 �0.20 0.094 �0.20
Total R2 0.011 0.008

II Pancreatic polypeptide �0.054 �0.20 �0.082 �0.20
Epinephrine 0.147 �0.20 0.130 �0.20
Change in anxiety score 0.496 0.0001* 0.501 0.0001†
Total R2 0.256 0.257

III Pancreatic polypeptide �0.111 �0.20 �0.136 �0.20
Epinephrine 0.164 0.187 0.151 �0.20
Change in anxiety score 0.510 0.0001† 0.517 0.0001†
Anxiety at euglycemia 0.196 0.075 0.214 0.060
Total R2 0.292 0.301

IV Pancreatic polypeptide �0.088 �0.20 �0.122 �0.20
Epinephrine 0.168 0.157 0.158 �0.20
Change in anxiety score 0.506 0.0001† 0.518 0.0001†
Anxiety at euglycemia 0.248 0.026* 0.247 0.035*
Sex �0.233 0.040* 0.138 �0.20
Total R2 0.338 0.318

*P 	 0.05; †P 	0.01.
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dictors are as follows: anxiety at euglyce-
mia 3.84 (0.96, 15.41), P � 0.057; age
1.23 (1.06, 1.41), P � 0.005; change in
autonomic symptoms 1.52 (1.03, 2.24),
P � 0.03. This model correctly classified
73% of the entire sample (�2 � 19.3; P �
0.004) and accounted for �34% of the
variance (Nagelkerke R2 � 0.341). The
addition of neuroglycopenic symptoms
did not contribute to the accuracy of the
model (Block 6 �2 � 0.912; P � 0.20). A
similar pattern of results was obtained
when the analyses were restricted to the
61 reliable autonomic symptom reporters
(data not shown).

CONCLUSIONS — Using an insulin-
glucose clamp technique to induce con-
trolled mild hypoglycemia, we examined
the ability of adolescents and young
adults with diabetes to detect autonomic
and neuroglycopenic symptoms and to
accurately estimate blood glucose levels.
In general, our subjects were not very
good at any of these tasks, despite full
knowledge of the protocol as explained to
them and as described in the consent
form. When serum glucose values de-
creased from 5.5 to 3.3 mmol/l, only a
minority of the entire sample (42%) re-
ported an increase in autonomic symp-
toms. Furthermore, the magnitude of
reported symptom change was quite
small. Although autonomic symptom
scores could range from 0 to 18, the high-
est rating in this sample was 9, and the
mean increment from euglycemia to hy-
poglycemia for all reliable reporters was
1.2, a value that corresponds to the ap-
pearance of one symptom rated as “mild.”
Neuroglycopenic symptom identification
was even less common: only 29% of the
entire sample detected any increase, and
the mean increment was only 0.7 symp-
tom. These latter results were not surpris-
ing, however, given data indicating that
the glycemic threshold for the detection
of neuroglycopenic symptoms is lower
than the threshold for autonomic symp-
toms in adults (2.8 vs. 3.6 mmol/l, respec-
tively) (20) and children with diabetes
(3.1 vs. 3.6 mmol, respectively) (21).

Our subjects were also inaccurate in
estimating their blood glucose values.
During euglycemia, only 38% of our sam-
ple subjects were able to estimate their
blood glucose levels to within �10% of its
actual value; these figures were much
poorer during hypoglycemia (28%). Sub-
jects who were not accurate were quite

inaccurate and, as a group, estimated
their blood glucose levels to be euglyce-
mic (5.3 mmol/l, on average) when they
were actually hypoglycemic (3.3 mmol/l).

The primary goal of this study was to
identify possible predictors of variability
in symptom detection and blood glucose
estimation during hypoglycemia. Of the
three broad classes of variables that were
examined (hormonal, psychological, and
demographic), the most robust predictors
of both autonomic and neuroglycopenic
symptom detection were psychological.
Contrary to expectation, hypoglycemia-
associated increases in epinephrine and
pancreatic polypeptide had little impact
on symptom detection. In contrast, the
presence of higher anxiety scores at the
euglycemic baseline independently pre-
dicted hypoglycemic symptom score,
even after controlling for changes in anx-
iety level during hypoglycemia.

Most work on the hormonal corre-
lates of symptom detection has focused
on the putative role played by epineph-
rine, and studies have demonstrated re-
peatedly that during moderately severe
hypoglycemia, the resulting increments
in epinephrine are associated with in-
creases in symptoms in diabetic adults
(22–24). Because the glycemic threshold
for a clinically significant increase in epi-
nephrine has been found to range from
2.6 to 3.6 mmol/l in adults (25), the ab-
sence of a relationship between epineph-
rine and symptom identification in our
sample of adolescents and young adults
may be a consequence of the very mild
level of hypoglycemia induced or of spe-
cific characteristics of our sample. Two
studies have demonstrated that children
with diabetes experienced a vigorous in-
crease in epinephrine when blood glucose
values decreased more, to 3.1 (26) or to
2.8 mmol/l (27), but both studies also in-
cluded subjects who were younger (27)
and in poorer metabolic control (26) than
our subjects. When adolescents in aver-
age metabolic control were evaluated by
Bjørgaas et al. (21), only a small, nonsig-
nificant increase in epinephrine occurred
during moderate hypoglycemia (2.6
mmol/l).

We found that hypoglycemia-
associated increases in self-reported levels
of anxiety predicted change in autonomic
and neuroglycopenic symptoms, but this
was not unexpected because increased
anxiety is often considered to be an auto-
nomic symptom (28). More importantly,

after statistically controlling for those
changes in anxiety during hypoglycemia,
we found that individuals who had higher
anxiety scores during the euglycemic
baseline still reported more autonomic
and neuroglycopenic symptoms and esti-
mated their blood glucose values more ac-
curately, as compared with subjects with
lower baseline anxiety scores. Depending
on the analysis, a higher baseline anxiety
level accounted for between 5 and 10% of
the variance in symptom detection.

Personality theorists have used high
anxiety scores as an indicator of the psy-
chological trait “negative affectivity” and
have described individuals with that trait
as being introspective, apprehensive, vig-
ilant, and negativistic (11). Even when
overt stressors are absent, these individu-
als are more likely to experience high lev-
els of distress and dissatisfaction in many
situations. Higher levels of anxiety or neg-
ative affectivity are also predictive of sub-
jective somatic complaints (12,29). If
individuals who score high on measures
of negative affectivity are hypervigilant
(searching constantly for signs of trou-
ble), they may be more likely to pay atten-
tion to relatively small changes in internal
somatic or visceral sensations (30). Not
only should this hypervigilance lead to
earlier detection of physical symptoms
(e.g., autonomic symptoms during mild
hypoglycemia), but it should facilitate the
identification of a hypoglycemic state if
those symptoms and other visceral
changes are used by that person to iden-
tify symptoms or estimate blood glucose
values.

Our data on both symptom detection
and blood glucose estimation accuracy
are consistent with that interpretation.
For example, the most influential predic-
tors of accurate estimates included higher
baseline anxiety score, larger change in
autonomic symptoms, and older age. To-
gether, these variables explained �34%
of the variance in accuracy of blood glu-
cose estimation. The better estimation
skills of our older subjects might reflect
their more extensive experience with hy-
poglycemia and/or blood glucose moni-
toring because, contrary to expectation
(31), they did not manifest a greater fre-
quency or severity of defective counter-
regulation (and concomitantly greater
estimation errors because of hypoglyce-
mia unawareness) despite their longer du-
ration of diabetes.

Compared with previously published
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results, our subjects were more accurate
at estimating their blood glucose values
than children who were studied in natu-
ralistic settings (5). Variations in level of
environmental stimulation may account
for these between-study differences. Be-
cause attention to internal cues declines
as external cues become more available
and more salient (32), one would expect
individuals evaluated in an ever-
changing, environmentally stimulating
field setting to be less accurate at identi-
fying hypoglycemia as compared with be-
ing evaluated while lying in a hospital bed
during a hypoglycemic clamp. Support
for that possibility comes from a study of
diabetic adults demonstrating that field
study data underestimated ratings of hy-
poglycemia unawareness when compared
with data from an experimental clamp
study (33). Other psychological charac-
teristics, such as expectations about the
effects of hypoglycemia (i.e., symptom
beliefs), may also influence detection of
hypoglycemia (34), but those were not as-
sessed in our study.

Detection of symptoms and accurate
estimation of blood glucose values are
critical for prevention of severe hypogly-
cemia (35). In their biopsychobehavioral
model of risk of severe hypoglycemia,
Gonder-Frederick et al. (36) emphasized
the importance of psychological factors in
accurately detecting and interpreting the
physical symptoms associated with bio-
chemical hypoglycemia and in initiating
appropriate self-treatment behaviors that
can reduce the risk of an episode of severe
hypoglycemia. One psychological charac-
teristic with the potential to reduce the
risk of severe hypoglycemia is fear of hy-
poglycemia, and it has been suggested
that individuals with high levels of fear
may maintain somewhat higher glycemic
levels, may prematurely treat decreasing
(but not yet hypoglycemic) blood glucose
levels, and may over-interpret somatic
sensations as symptoms of hypoglycemia
(36). Fear of hypoglycemia is higher in
adults who have previously experienced
frequent or severe hypoglycemia (37) and
in those who score high on measures of
anxiety and neuroticism (9), but whether
it is merely a surrogate for the more en-
during psychological trait of negative af-
fectivity is an interesting issue that has not
yet been addressed. What is clear, how-
ever, is that in addition to pathophysio-
logical factors such as fai lure of
autonomic response, personality traits

such as negative affectivity can have a
measurable impact on blood glucose esti-
mation and symptom detection and may
explain why some individuals are far
more likely than others to benefit from
participation in formal blood glucose
awareness training programs (35).
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