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OBJECTIVEdAcute hypoglycemia impairs cognitive function in several domains. Executive
cognitive function governs organization of thoughts, prioritization of tasks, and time manage-
ment. This study examined the effect of acute hypoglycemia on executive function in adults with
and without diabetes.

RESEARCH DESIGN AND METHODSdThirty-two adults with and without type 1
diabetes with no vascular complications or impaired awareness of hypoglycemia were studied.
Two hyperinsulinemic glucose clamps were performed at least 2 weeks apart in a single-blind,
counterbalanced order, maintaining blood glucose at 4.5 mmol/L (euglycemia) or 2.5 mmol/L
(hypoglycemia). Executive functions were assessed with a validated test suite (Delis-Kaplan
Executive Function). A general linear model (repeated-measures ANOVA) was used. Glycemic
condition (euglycemia or hypoglycemia) was the within-participant factor. Between-participant
factors were order of session (euglycemia-hypoglycemia or hypoglycemia-euglycemia), test bat-
tery used, and diabetes status (with or without diabetes).

RESULTSdCompared with euglycemia, executive functions (with one exception) were sig-
nificantly impaired during hypoglycemia; lower test scores were recorded with more time re-
quired for completion. Large Cohen d values (.0.8) suggest that hypoglycemia induces
decrements in aspects of executive function with large effect sizes. In some tests, the performance
of participants with diabetes was more impaired than those without diabetes.

CONCLUSIONSdExecutive cognitive function, which is necessary to carry out many ev-
eryday activities, is impaired during hypoglycemia in adults with and without type 1 diabetes.
This important aspect of cognition has not received previous systematic study with respect to
hypoglycemia. The effect size is large in terms of both accuracy and speed.
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The human brain depends on glucose
as its energy source; acute hypogly-
cemia results in neuroglycopenia

with subsequent cognitive impairment.
Individuals with type 1 diabetes are ex-
posed to an average of two episodes of
self-treated hypoglycemia per week (1).
In general, performance on complex cog-
nitive tasks deteriorates when blood glu-
cose declines to,3.0mmol/L (54mg/dL)
(2,3). Previous studies have demon-
strated that for complex tasks, accuracy
often is preserved at the expense of speed
(4). The impairment of cognitive function

is reversible, although full recovery re-
quires between 20 and 75 min after the
restoration of euglycemia (5,6). Acute hy-
poglycemia has been shown to impair
various cognitive domains, including
memory, attention, information process-
ing, psychomotor function, and spatial
ability (7–10). However, the effect of hy-
poglycemia on executive cognitive func-
tion, which is important for everyday
functioning, has received little systematic
study.

Executive function incorporates
a number of complex, interdependent

cognitive processes that allow an individual
to plan, initiate, sequence, monitor, and
inhibit complex behavior (11), allowing
one to organize thoughts, prioritize tasks,
manage time efficiently, and make deci-
sions. Executive function, therefore, is vital
for the performance of many everyday ac-
tivities, and in children, inadequate execu-
tive functioning has been linked to poor
adherence to treatment (12). Executive
function is not localized to one particular
area of the brain (13), although evidence
from neuroimaging studies suggests that
the frontal lobes of the brain (and their con-
nections to other regions) are closely asso-
ciated with this cognitive domain (14).

The current study examined the
effects of acute hypoglycemia on execu-
tive function in adult humans with and
without type 1 diabetes with use of a
well-validated test battery (15–18). Per-
formance was examined in a counterbal-
anced design under euglycemic and
hypoglycemic conditions.

RESEARCH DESIGN AND
METHODSdSixteen adults with type
1 diabetes and 16 nondiabetic adults were
studied. Baseline demographics are
shown in Table 1. The groups were
matched for age and BMI. Participants
with diabetes were recruited from the di-
abetes clinic at the Royal Infirmary of
Edinburgh and had no history of macro-
vascular or microvascular disease. Digital
retinal screening was used to exclude di-
abetic eye disease, peripheral neuropathy
was excluded by clinical examination,
and nephropathy was excluded by the ab-
sence of microalbuminuria. Participants
without diabetes were recruited by
e-mail and paper advertisements within
the local hospital and university. None
of the participants had a history of sei-
zures, head injury, psychiatric disorder,
or alcohol or drug abuse. Participants
were taking no medication other than in-
sulin or oral contraceptives. Other exclu-
sion criteria were impaired awareness of
hypoglycemia (19), pregnancy, a coexist-
ing systemic disease, or malignancy.

HbA1c was measured by high-
performance liquid chromatography
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(nondiabetic reference range 5.0–6.05%
[31–43mmol/mol]; Bio-Rad Laboratories,
Munich, Germany) and was aligned with
the Diabetes Control and Complications
Trial. All participants gave written consent
before participating in the study, which
had been approved by the local medical
ethics advisory committee.

Experimental sessions were per-
formed in the Wellcome Trust Clinical
Research Facility at the Royal Infirmary of
Edinburgh. Participants attended for two
experimental sessions at least 2 weeks
apart. Participants with type 1 diabetes
were required to monitor their blood
glucose frequently for the 48 h preceding
each experimental session, which was
postponed if they had recorded a blood
glucose level ,3.5 mmol/L (,63 mg/dL)
or had experienced symptoms suggestive
of hypoglycemia. Sessions commenced at
0800 h, and all patients fasted overnight.
Participants with type 1 diabetes omitted
their morning fast-acting insulin or
switched off their insulin pump.

During each session, a modified hy-
perinsulinemic glucose clamp was per-
formed (20). To arterialize blood samples,
the nondominant arm was wrapped in a
warmed blanket with a retrograde intra-
venous cannula inserted into the forearm.
An additional cannula was inserted into
the nondominant antecubital fossa to in-
fuse insulin (human Actrapid; Novo Nor-
disk, Crawley, U.K.) and 20% dextrose.
Insulin was infused at a constant rate of
1.5 mU/kg/min with a Gemini PCI pump
(Alaris Medical Systems, San Diego, CA).
Blood samples were taken at 5-min inter-
vals and analyzed by a glucose oxidase
method (2300 STAT; YSI, Yellow Springs,
OH). The dextrose infusion rate was ad-
justed to maintain the appropriate arteri-
alized blood glucose concentration.

Two experimental conditions (hypo-
glycemia and euglycemia) were studied

in a single-blind, random, counterbal-
anced order. During each experimental
session, arterialized blood glucose was
maintained at 4.5 mmol/L (81 mg/dL) for
30 min. It was then either maintained at
4.5 mmol/L throughout (the euglycemia
condition) or lowered over 20 min to 2.5
mmol/L (45 mg/dL) (the hypoglycemia
condition). The experimental condi-
tion lasted for 60 min, after which time
euglycemia was restored. Participants
consumed a meal on completion of the
study.

Hypoglycemia scores
Participants scored their symptoms at
baseline and during the experimental
period with a subjective, validated ques-
tionnaire, the Edinburgh Hypoglycemia
Symptom Scale, that measures the inten-
sity of commonly experienced hypogly-
cemic symptoms on a 7-point Likert scale
(1 = not present, 7 = very intense). These
symptoms have been grouped previously
into autonomic, neuroglycopenic, and
malaise subgroupings (21).

Baseline intelligence and educational
achievement
The National Adult Reading Test (NART)
assesses the pronunciation of 50 phono-
logically irregular English words and
is widely used as an estimate of peak
intellectual ability (22). Educational
achievement was determined by whether
a participant had high school, degree, or
doctoral-level qualifications.

Cognitive function tests
Tests of executive function were per-
formed during both experimental condi-
tions. All tests were from the Delis-Kaplan
Executive Function (D-KEFS) test suite.
The D-KEFS is a well-validated series of
tests that comprehensively assesses the
domain of executive functions and is

suitable for adults with a range of ability
levels (15,16). Practice effect was con-
trolled for by counterbalancing the order
of the experimental conditions (euglyce-
mia before hypoglycemia and vice versa)
and counterbalancing the parallel forms
of the tests (battery A before battery B
and vice versa) with use of a Latin square.
This study design minimizes many of the
previous criticisms of cognitive function
testing during hypoglycemia (23). Order
effects were sought, but from prior expe-
rience in cognitive testing in hypoglyce-
mic clamp studies, none are usually
found.

The Digit Symbol Substitution Test
(DSST) (from the Wechsler Adult Intelli-
gence Scale III-UK) and Trail Making B
test (from the D-KEFS) were used as
marker cognitive tests that are reliably
affected by moderate hypoglycemia
(18,24). The DSST tests coding per-
formed at speed, and for each mistake, 5
points were subtracted from the score
achieved to give an overall score. Trail
Making B also tests a wide range of cog-
nitive processes, including complex
attention, visual scanning, psychomotor
speed, and mental flexibility (17). The
test requires the participant to switch
back and forth between connecting num-
bers and letters in sequence (e.g., 1-A-2-B-
3-C); it covers two pages, which increases
spatial scanning demands. Time taken (in
seconds) was subtracted from 200; for
eachmistake, 5 additional points were sub-
tracted to give a total score.

Executive function tests
Verbal fluency (category switching).
This test requires both rapid retrieval
from semantic knowledge and cognitive
flexibility to allow switching between
categories. Participants were required to
generate words, alternating between two
different semantic categories (e.g., fruit
and furniture). The outcome variable was
the total score, with 1 point awarded for
each correct pair named during the time
limit.
Sorting test. Based on the Wisconsin
Card Sorting Test (25), this test isolates
and measures multiple components of
concept formation and problem-solving
abilities. Each participant was shown
two groups of three cards each and was
then required to state how the two groups
were sorted (e.g., one card set shows sin-
gular words, and the other displays plural
words). Outcome variables were the total
score, with 4 points awarded for each cor-
rect description, and time taken.

Table 1dParticipant baseline demographics

Characteristic
Participants without

diabetes
Participants with

diabetes P value

n 16 16 NA
Age (years) 29.0 (26.0–31.4) 29.9 (25.3–35.5) 0.83*
BMI (kg/m2) 24.2 6 2.9 25.5 6 2.6 0.22*
Male/female (n/n) 7/9 10/6 0.48†
Duration of diabetes (years) NA 9.19 (4.5–11.9) NA
HbA1c [% (mmol/mol)] NA 7.7 6 0.9 (91 6 0.9) NA
CSII (insulin pump) NA 3 (18.8%) NA

Data are median (interquartile range), mean 6 SD, and n (%) unless otherwise indicated. BMI, body mass
index; CSII, continuous subcutaneous insulin infusion; NA, not applicable. *t test. †Fisher exact test.
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Twenty questions test. The participant
is presented with a stimulus page depict-
ing pictures of 30 common objects (e.g.,
banana, airplane, bowl). The participant
must ask the fewest number of yes/no
questions possible to identify the un-
known target object. The ideal response
would eliminate one-half of the remaining
objects. This test assesses the respondent’s
ability to perceive the various subcate-
gories (e.g., land-based objects, flying
objects). By incorporating feedback
from previous answers, participants can
formulate a yes/no question to eliminate
the maximum number of objects. One
point was awarded for each correctly
phrased question, with a lower score de-
noting better performance. Participants
performed this test twice, and outcome
variables were combined score and total
time taken. A quantitative analysis of the
quality of responses was then made to
give the third outcome variable. Partici-
pants scored 5 points for an answer that
eliminated one-half of the remaining ob-
jects, 4 points for a response that elimi-
nated 61 of one-half of the remaining
objects, 3 points for 62, 2 points for 63,
1 point for64, and 0 points for65. So, if
there were eight remaining objects and a
response eliminated three objects, then
that question would score 4 points. This
score was then divided by the number of
questions asked to give the third outcome
variable.
Tower test. The tower test assesses sev-
eral key executive functions, including
spatial planning and maintaining an in-
structional set (26). Participants must
build the designated tower in the fewest
number of moves possible by moving dif-
ferently sized disks across three pegs.
Four towers of increasing difficulty were
constructed during each experimental
session. To avoid a practice effect, a

parallel version of equivalent difficulty
was created by shifting each piece to the
right. One point was awarded for each
move taken; therefore, a lower score de-
noted better performance. Outcome var-
iables were the combined score for all four
towers and the total time taken.
Color–word interference test (Stroop).
Based on the classic Stroop procedure,
these four tests assess the participant’s
ability to inhibit an overlearned verbal re-
sponse (i.e., naming the ink color of the
word instead of reading the printed word)
(27). The first two (baseline) tasks require
the participant to name blocks of color
(Stroop 1) and read color words printed
in black ink (Stroop 2). The third task
prints color words in a different color
(Stroop 3), for example, the word red
printed in blue ink (inhibiting). The
fourth task involves asking the participant
to switch back and forth between naming
ink colors and inhibiting (Stroop 4), test-
ing both inhibition and cognitive flexibil-
ity. Time required for completion became
the score for that task; 4 s were added
for an uncorrected error and 2 s for a cor-
rected error. Five combined task scores
were calculated (Table 2). Stroop A is the
sum of all four tasks; Stroop B is the sum of
the first two tasks and an indication of per-
formance in key lower-level skills (i.e.,
reading, naming). Stroop C and D dem-
onstrate any effect on executive func-
tioning while attenuating the impact of
any deficit in more basic cognitive func-
tioning (i.e., reading printed words).
The Stroop Interference Effect (Stroop C)
indicates the increase in time taken to per-
form the task requiring an inhibited re-
sponse compared with simply reading or
naming the ink color (28). Stroop E dem-
onstrates the additional time required to
switch between tasks (cognitive flexibility)
while attenuating the effect of inhibition.

Many of the Stroop tests rely on color dis-
crimination, which has been shown pre-
viously to be unaffected by moderate
hypoglycemia although may become im-
paired with more profound hypoglycemia
(29).

Statistical analysis
A general linear model (repeated-measures
ANOVA) was used. Glycemic condition
(euglycemia or hypoglycemia) was the
within-participant factor (repeated mea-
sure). Order of session (euglycemia fol-
lowed by hypoglycemia or vice versa),
order of test battery (test battery A fol-
lowed by battery B or vice versa), and
diabetes status (participants with or with-
out diabetes) were between-participant
factors, with the NART score as a covar-
iate. Effect sizes were calculated using
Cohen d to assess the extent of any cogni-
tive decrement caused by hypoglycemia
(d = 0.2 [small], d = 0.5 [medium], d 5
0.8 [large]) (30). All analyses were per-
formed with Microsoft Excel 2010 (Red-
mond, WA) and SPSS version 18.0 (IBM
Corp., Chicago, IL) software, both for
Windows. Unless otherwise stated, data
are mean6 SD, and P, 0.05 was consid-
ered significant.

RESULTS

Blood glucose
Target blood glucose levels were achieved
for both the hypoglycemic (2.45 6 0.11
mmol/L) and the euglycemic (4.54 6
0.09 mmol/L) conditions. Glucose levels
were similar in participants with and
without diabetes (P = 0.23 and 0.11, re-
spectively, t test).

Symptom scores
Autonomic symptom scores increased
from 10.6 6 4.1 during euglycemia to

Table 2dStroop test results*

Euglycemia vs. hypoglycemia

Name Calculation Euglycemia time (s) Hypoglycemia time (s) P value Cohen d
Diabetes status†

(P value)

Stroop A All 4 scores combined 148.4 6 29.9 198.1 6 47.8 ,0.001 1.25 0.047
Stroop B Mean of Stroop 1 and 2 24.0 6 4.1 31.8 6 7.3 ,0.001 1.32 0.045
Stroop C Stroop 3 – Stroop B 22.0 6 9.7 29.3 6 14.3 0.003 0.60 0.66
Stroop D Stroop 4 – Stroop B 31.8 6 11.5 42.8 6 19.2 ,0.001 0.69 0.09
Stroop E Stroop 4 – Stroop 3 9.8 6 10.0 13.5 6 19.8 0.22 0.24 0.18

Data are mean6 SD. Significance level was P, 0.05. Cohen d was calculated as an estimate of effect size. Stroop 1, naming blocks of color; Stroop 2, reading words;
Stroop 3, naming ink color of words (e.g., blue printed in red ink); Stroop 4, alternating between naming ink color of words and reading the printed word. *Stroop is
scored in seconds to complete; a lower score denotes better performance. †Diabetes vs. nondiabetes.
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22.6 6 9.3 during hypoglycemia (P ,
0.001, Cohen d = 1.68). Neuroglycopenic
symptom scores increased from 10.8 6
5.5 to 19.6 6 8.7 (P , 0.001, Cohen
d = 1.22). Malaise symptom scores in-
creased from 2.5 6 1.3 to 3.4 6 1.8
(P = 0.004, Cohen d = 0.63).

Educational achievement and
baseline intelligence
Nine (56.3%) participants without diabe-
tes had doctoral-level qualifications com-
pared with four (25.0%) with diabetes
(P = 0.20, Pearson x2). MeanNART scores
were significantly lower in participants
with diabetes than in those without
(36.36 3.8 and 40.56 5.4, respectively,
P , 0.02, t test). As expected, NART
scores (taken at baseline) did not differ
significantly between the two experimen-
tal sessions (P = 0.18, t test).

General cognitive function tests
Performance during hypoglycemia was
significantly impaired in both the Trail
Making B test and DSST (P , 0.001 for
both, Cohen’s d = 1.16 and 0.84 for Trail
Making B and DSST, respectively). No
significant difference for these tests was
observed between participants with and
without diabetes (data not shown).

Executive function tests
No significant effects were found for order
of session (hypoglycemia followed by
euglycemia or vice versa). The only sig-
nificant effects for diabetes status were for
the Stroop A (P , 0.05), Stroop B (P ,
0.05), and verbal fluency (P , 0.03)
tasks; performance during both euglyce-
mia and hypoglycemia of participants
with diabetes was worse than for those
without diabetes.

Performance during hypoglycemia
was significantly impaired on every

measure of executive function examined
other than Stroop E in terms of both scores
achieved and time taken (Tables 2 and 3).
Hypoglycemia significantly prolonged
the time to completion in all tests where
time was not fixed. The high Cohen d val-
ues (.0.8) indicated that hypoglycemia
induced decrements with large effect
sizes.

The lower performance scores achieved
during hypoglycemia in the Stroop test
were not simply a result of slower infor-
mation processing; participants made a
significantly greater number of errors dur-
ing hypoglycemia than during euglycemia
(5.81 6 3.93 and 1.91 6 1.96, respec-
tively, P , 0.001, unpaired t test). Both
self-corrected and uncorrected errors
were significantly increased during hypo-
glycemia compared with euglycemia
(data not shown, P , 0.001 and P =
0.002, respectively).

In the 20 questions test, responses
given during hypoglycemia were often of
poor quality; for example, participants
asked very specific questions that would
only eliminate one or two of the remain-
ing objects (i.e., Does it fly? Is it a bowl? Is
it orange?). The quality of responses
showed that scores during hypoglycemia
were significantly lower than during
euglycemia (see RESEARCH DESIGN AND

METHODS for scoring system) (5.11 6 1.40
and 6.24 6 1.48, respectively, P = 0.003,
unpaired t test).

Significant glycemic condition by di-
abetes status interactions were observed
for Stroop A (P = 0.02), Stroop B (P =
0.002), and the sorting test (time taken)
(P = 0.004), suggesting that the effects of
hypoglycemia differ significantly between
participants with and without diabetes.
Figure 1 shows that in all three tests, par-
ticipants with diabetes were affected by
hypoglycemia to a greater degree than

those without diabetes. When the NART
scores were entered as a covariate, partic-
ipants with diabetes continued to
experience a greater detrimental effect of
hypoglycemia than those without diabe-
tes in the sorting test (P = 0.02) and
Stroop B (P = 0.01) but not in Stroop A
(P = 0.12).

CONCLUSIONSdThe current study
demonstrates that acute hypoglycemia
markedly impairs performance in almost
all the aspects of executive function that
were tested in adults with and without
type 1 diabetes. All domains of executive
function were significantly impaired ex-
cept for Stroop E. Where the time taken
was a variable rather than a constant, the
time to completion was significantly lon-
ger in all tests. The generally large Cohen
d values (.0.8) indicate that hypoglyce-
mia accounted for a large part of the var-
iation in results.

It is debatable about whether the
decrement in processing speed is solely
responsible for the observed impairment
in executive function (31). However, the
current study demonstrates more-specific
decrements. The quality of the responses
was poorer during hypoglycemia in the
20 questions test, with subjects more
likely to ask closed questions that failed
to eliminate many of the remaining ob-
jects. In the Stroop test, the number of
uncorrected and self-corrected errors
was greater during hypoglycemia, sug-
gesting that participants were less aware
of an error being made so were less likely
to correct the error; this has been shown
previously in driving simulator studies in
which participants were less likely to cor-
rect driving errors while hypoglycemic
(32).

During euglycemia, glucose is the
main source of energy for the brain.

Table 3dExecutive function test scores and times

Euglycemia vs. hypoglycemia*
Euglycemia vs.
hypoglycemia

Executive
function test

Euglycemia
score

Hypoglycemia
score P value Cohen d

Euglycemia
time (s)

Hypoglycemia
time (s) P value Cohen d

Verbal fluency 8.7 6 2.0 6.3 6 2.0 ,0.001 1.21 Time taken is a constant
Sorting test 24.4 6 4.7 19.5 6 4.9 ,0.001 1.02 199.9 6 51.5 262.0 6 89.4 ,0.001 0.85
20 questions† 11.8 6 2.5 13.8 6 3.8 0.001 0.62 66.2 6 31.0 113.1 6 63.2 ,0.001 0.94
Tower test
(combined)† 94.1 6 18.0 114.6 6 23.8 ,0.001 0.97 277.3 6 95.9 351.9 6 84.5 ,0.001 20.83

Data are mean6 SD. Significance level was P, 0.05. Cohen d was calculated as an estimate of effect size. *Main effect of glycemic condition. †Lower score indicates
better performance.
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During hypoglycemia, alternative sub-
strates may be used as energy sources, al-
though in general, they ameliorate but do
not reverse the effects of neuroglycopenia
(33). Administration of some of these alter-
native fuels (e.g., amino acids, lactate) has
been shown to reduce the decrement in
cognitive performance observed during

hypoglycemia (34,35). In these studies,
insufficient information was given to de-
termine whether there had been a signifi-
cant improvement in the quality of the
answers given.

Glycemic targets were maintained
and symptom scores incremented ap-
propriately during hypoglycemia. The

expected decrement in performance dur-
ing hypoglycemia in the cognitive marker
tests was consistent with the results of
similar studies (4,7,10). Previous studies
have shown that several domains of cog-
nitive function are impaired during acute
hypoglycemia, including memory and
spatial awareness (9,36). Previous re-
search also demonstrated that perfor-
mance of complex cognitive tasks is
preferentially impaired by hypoglycemia,
whereas simpler tasks, such as finger tap-
ping or reaction time, are less affected
(4,10).

The executive function tests used in
the current study examined a series of
diverse yet interdependent complex cog-
nitive processes. The category switching
part of the verbal fluency test examined
cognitive switching abilities similar to
those examined by the Trail Making B
test. The sorting test examined concept
formation and problem-solving abilities.
The 20 questions test assessed the ability
to perceive subcategories within the list of
objects presented. The tower test assessed
spatial planning and the ability to main-
tain an instruction set. All of these cogni-
tive tests showed impairment during
hypoglycemia.

The Stroop test uses a series of com-
bined scores to give an indication of
performance in both lower- and higher-
level cognitive functioning (Table 2); all
but Stroop E showed significant impair-
ment during hypoglycemia. Stroop E is
the additional time taken to switch be-
tween tasks and, thus, is a measure of
cognitive flexibility; it is noteworthy
that other measures of cognitive flexibil-
ity, such as the verbal fluency test and
Trail Making B test were impaired by
hypoglycemia.

The cognitive processes affected will
impinge on performance of everyday
activities. Impaired ability to switch be-
tween semantic categories and retrieval
from semantic knowledge would interfere
with planning and make it difficult to
construct a list of items suitable for a
specific purpose, such as for a camping
trip). In such a scenario, impaired spatial
planning and failure to maintain an in-
structional set would make loading an
automobile or erecting a tent more diffi-
cult to undertake.

Compared with their performance
during euglycemia, participants with di-
abetes experienced a greater detrimental
effect of hypoglycemia than those without
diabetes in the sorting test (time taken),
Stroop A, and Stroop B. Higher baseline

Figure 1dA: Time taken to complete the sorting test during hypoglycemia and euglycemia ac-
cording to diabetes status (P = 0.004); a lower score denotes better performance. B: Comparison of
performance during Stroop A and B during hypoglycemia and euglycemia according to diabetes
status (P, 0.05 for both); a lower score denotes better performance. Data are mean6 SD. ND,
participants without diabetes.
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intelligence is known to improve perfor-
mance during the Stroop test; the effect of
higher intelligence scores (in adults) on
performance during the sorting test is less
clear cut (28,37). Whereas the groups
with and without diabetes were otherwise
well matched (Table 1), the significantly
lower NART scores (a measure of crystal-
lized intelligence) in the participants with
diabetes may have been a confounding
factor. However, NART scores entered
as a covariate indicate that participants
with diabetes experienced a greater detri-
mental effect of hypoglycemia compared
with those without diabetes in the sorting
test (time taken) and Stroop B but not in
Stroop A. Differential effects of hypogly-
cemia between participants with and
without diabetes were found in a study
of a different cognitive domain, psycho-
motor function (10). However, in that
study, the detrimental effect of hypogly-
cemia was greater in participants without
diabetes. The mechanism underlying
this differing effect of diabetes status of
performance during hypoglycemia is
unknown.

A possible weakness of the current
study is that time constraints allowed
each test of cognitive function to be
performed only once during each exper-
imental session. Tests to assess several
cognitive domains take time to perform,
and it has been suggested that cognitive
adaptation may occur when exposure to
hypoglycemia is relatively prolonged
(5,38), although this premise has been
disputed (39). Cerebral adaptation to hy-
poglycemia, which results in a lesser mag-
nitude of impairment of cognitive function,
is a feature of persons with type 1 diabetes
who have an impaired awareness of hy-
poglycemia (6); individuals with this ac-
quired syndrome were excluded from the
study.

The current study provides further
evidence of a global impairment of most
high-level cognitive functions during hy-
poglycemia. Both the speed of informa-
tion processing and the quality of answers
given were adversely affected by hypo-
glycemia. Executive function is essential
for many everyday activities (e.g., driving,
analyzing data, planning events); its dis-
ruption during hypoglycemia will have a
profound effect on the functioning of a
person with diabetes.
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