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OBJECTIVE

Epidemiological studies have reported a relationship between severe hypoglyce-
mia, cognitive dysfunction, and dementia in middle-aged and older people with
type 2 diabetes. However, whether severe or nonsevere hypoglycemia precedes
cognitive dysfunction is unclear. Thus, the aim of this study was to analyze the
relationship between hypoglycemia and incident cognitive dysfunction in a group
of carefully followed patients using prospectively collected data in the Outcome
Reduction with Initial Glargine Intervention (ORIGIN) trial.

RESEARCH DESIGN AND METHODS

This prospective cohort analysis of data from a randomized controlled trial included
individuals with dysglycemia who had additional cardiovascular risk factors
and a Mini-Mental State Examination (MMSE) score ‡24 (N = 11,495). Severe and
nonsevere hypoglycemic events were collected prospectively during a median
follow-up time of 6.2 years. Incident cognitive dysfunction was defined as either
reported dementia or an MMSE score of <24. The hazard of at least one episode of
severe or nonsevere hypoglycemia for incident cognitive dysfunction (i.e., the
dependent variable) from the time of randomization was estimated using a Cox
proportional hazards model after adjusting for baseline cardiovascular disease,
diabetes status, treatment allocation, and a propensity score for either form of
hypoglycemia.

RESULTS

This analysis did not demonstrate an association between severe hypoglycemia
and incident cognitive impairment either before (hazard ratio [HR] 1.16; 95% CI 0.89,
1.52) or after (HR 1.00; 95% CI 0.76, 1.31) adjusting for the severe hypoglycemia
propensities. Conversely, nonseverehypoglycemiawas inversely related to incident
cognitive impairment both before (HR 0.59; 95% CI 0.52, 0.68) and after (HR 0.58;
95% CI 0.51, 0.67) adjustment.

CONCLUSIONS

Hypoglycemia did not increase the risk of incident cognitive dysfunction in 11,495
middle-aged individuals with dysglycemia.

Epidemiological studies have reported that recurrent severe hypoglycemia is as-
sociated with dementia and cognitive dysfunction in middle-aged and older people
with type 2 diabetes (1–3). Explanations for this relationship include the possibility
that 1) recurrent episodes of hypoglycemia cause and/or accelerate cognitive
dysfunction, 2) cognitive dysfunction promotes episodes of severe hypoglycemia,
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3) factors that increase the propensity
of developing severe hypoglycemia also
increase the propensity for cognitive
dysfunction, or 4) some combination
of these three explanations. Analyses
of data from two large randomized con-
trolled trials showing that middle-aged
and older people with type 2 diabetes
who were allocated to receive intensive
glycemic control experienced the same
degree of cognitive dysfunction during
follow-up as individuals allocated to stan-
dard glycemic control despite more fre-
quent severe hypoglycemia (4,5) suggest
that hypoglycemia may not promote
chronic cognitive dysfunction.
The Outcome Reduction with Initial

Glargine Intervention (ORIGIN) trial allo-
cated 12,537 middle-aged and older
people with dysglycemia and additional
cardiovascular risk factors to receive
insulin-mediated normoglycemia versus
standard care without insulin. During
a median follow-up time of 6.2 years,
participants allocated to both groups had
similar rates of serious health outcomes
and similar rates of cognitive dysfunction
(6,7). Data on hypoglycemia and cogni-
tionwere analyzed to assess the relation-
ship between hypoglycemia and incident
cognitive dysfunction overall and accord-
ing to allocated therapy in ORIGIN trial
participants who did not have cognitive
impairment at baseline.

RESEARCH DESIGN AND METHODS

The design, main results, and cognitive
substudy results of ORIGIN have been
publishedpreviously (6,7).Briefly, 12,537
individuals $50 years of age with im-
paired fasting glucose, impaired glu-
cose tolerance, or early type 2 diabetes
who also had additional cardiovascular
risk factors were recruited between
2003 and 2005 from 573 sites in 40 par-
ticipating countries. Participants were
randomly assigned to either the addition
of basal insulin glargine titrated to a
fasting plasma glucose (FPG) concentra-
tion of ,95 mg/dL (5.3 mmol/L) or to
targets formulated according to local
guidelines. All ORIGIN trial participants
were asked to complete a Mini-Mental
State Examination (MMSE) at baseline
and at three additional time points dur-
ing the trial. Incident dementia was also
ascertained. For the purpose of this
analysis, only data regarding those par-
ticipants who had an MMSE score $24

(i.e., did not have cognitive impairment)
at baseline were included (N = 11,495).

All participants were provided with
glucose meters and diaries and were
instructed to record episodes of hypo-
glycemia along with capillary glucose
values. During each visit, study person-
nel reviewed these diaries and explicitly
asked about hypoglycemic episodes and
recorded them on specific case report
forms. Nonsevere hypoglycemia was de-
fined as an event associated with symp-
toms consistent with hypoglycemia and
confirmed by a capillary glucose reading
of#54mg/dL (3 mmol/L). The definition
of severe hypoglycemia used in this
analysis was identical to that used and
previously reported in the ORIGIN trial
(6,8,9). Specifically, it was defined as a
symptomatic hypoglycemic event in which
the participants required the assistance
of another person (10) and there was
1) prompt recovery after oral carbohy-
drate, intravenous glucose, or glucagon
administration and/or 2) a documented
self-measured or laboratory-measured
plasma glucose level of #36 mg/dL (2
mmol/L) (9).

All ORIGIN trial participants were
asked to complete theMMSE at baseline,
2 years, 4 years, and the penultimate
visit. The MMSE is a measure of global
cognitive function. It contains 30 items
pertaining to the following six cognitive
domains: orientation, registration, atten-
tion and calculation, recall, language,
and visual-spatial ability. For each of the
30 items, 0 denotes an incorrect answer
and 1 denotes a correct answer. When
English was not the participant’s first
language, a validated translation was
provided. The test administrator was re-
quired to score the individual items and
then fax the score sheet to the coordi-
nating center. To ensure completeness of
the data, sites were queried if any item
was not scored and were asked to pro-
vide the appropriate score. Scoring of
the complete test (only when a test was
administered) was done centrally ac-
cording to the number of correct items;
missing items were assigned a score of
0 (11). Scoring in this manner has been
previously validated with reported high
correlations between the score obtained
and the score on other cognitive mea-
sures as well as activities of daily living
(12).

Incident cognitive dysfunctionwas de-
fined as either reported dementia (i.e.,

the first occurrence of an affirmative
answer to a case report form question
regarding whether the participant had
received a diagnosis of dementia since
the last study visit) or a postrandomiza-
tion MMSE score of ,24 (7). In addition,
sensitivity analysis using a more re-
stricted definition of cognitive dysfunc-
tion (i.e., reported dementia or two
consecutive MMSE scores of ,24 or a
last available MMSE score of ,24) was
conducted. Participantswere considered
to have probable depression if they indi-
cated during the randomization visit that
they were feeling “sad, low in spirits, or
depressed for 2 or more weeks” and if
they also indicated that during that time
they “thought a lot about death or re-
quired treatment for depression.” Pre-
vious cardiovascular disease (CVD) was
defined as prior myocardial infarction,
stroke, or previous revascularization, and
alcohol consumption was defined as more
than two drinks per week.

Statistical Analysis
Continuous variables were summarized
using the mean with SD, and binary var-
iables were summarized using counts
with percentages. The difference in the
distribution of the baseline variables was
determined using a x2 test for counts
(percentages) and a t test for means.

Hypoglycemia propensity scores were
used to account for a range of variables
that may be confounded with both hy-
poglycemia and changes in cognitive
status. As previously reported (9), these
propensity scores were calculated sep-
arately for severe and nonsevere hypo-
glycemia. Each score was calculated
using logistic regression in which hypo-
glycemiawas thedependent variable and
the independent variables were age, sex,
ethnicity, education, prior cardiovascular
event, hypertension, depression, smok-
ing, more than two drinks of alcohol per
week, an albumin/creatinine ratio $30
mg/g,BMI,waist-to-hip ratio,A1C,FPGat
baseline, glucose-lowering medication
use, statin use, ACE/angiotensin receptor
blocker use, b-blocker use, thiazide use,
anti-platelet agent use, total cholesterol,
LDL cholesterol, HDL cholesterol, triglyc-
eride levels, systolic blood pressure,
diastolic blood pressure, serum creati-
nine, prior diabetes, and MMSE score at
baseline.

The hazard of at least one episode
of severe hypoglycemia for incident
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cognitive dysfunction (i.e., the depen-
dent variable) from the time of ran-
domization was estimated using a Cox
proportional hazards model adjusted for
baseline CVD, diabetes status (impaired
fasting glucose/impaired glucose toler-
ance or diabetes), allocation to glargine,
and allocation to n-3 fatty acids; these
variables and a propensity score for
severe hypoglycemia; and these vari-
ables, the propensity score, and the
interaction of glargine allocation with
severe hypoglycemia if the interaction
term was significant. An individual was
counted as having had an episode of
severe hypoglycemia if one or more

episodes were reported between the
day of randomization and the time
that individual was classified as having
cognitive dysfunction or the end of the
study if cognitive dysfunction did not
develop in the individual. The same
analyses were repeated after replacing
severe hypoglycemia with nonsevere
hypoglycemia, after accounting for the
competing risk of death (10), after adjust-
ing for age at the time that data were
censored for each participant, and after
additionally adjusting for A1C as a time-
varying covariate.

Finally, the effect of severe and
nonsevere hypoglycemia on cognitive

dysfunction in six prespecified subgroups
(with/without prior diabetes; male/
female; with/without prior CVD; #8,
9–12, or .12 years of education;
,65/$65 years of age; and allocated
to glargine/standard arm) was also ex-
plored. Because a total of 12 subgroup
interactions were tested (i.e., six for
severe hypoglycemia and six for non-
severe hypoglycemia), a subgroup inter-
action was deemed significant if its
P value was ,0.05/12 = 0.0042.

RESULTS

Baseline characteristics of the 11,495
people whose baseline MMSE score
was $24 are summarized in Table 1
for severe hypoglycemia and in Table
2 for nonsevere hypoglycemia. Com-
pared with individuals who did not
have episodes of hypoglycemia, those
who had episodes were more likely to be
male and of Latin origin, to have pre-
viously received a diagnosis of diabetes,
to be lighter, and to be taking a sulfo-
nylurea. They also reported lower
educational attainment (severe hypogly-
cemia only), higher alcohol use, higher
A1C, longer diabetes duration, and more
depression and were more likely to be
allocated to the glargine arm and to have
a lower baseline MMSE score.

During a median follow-up time of
6.2 years, 1,387 (12%) developed inci-
dent cognitive dysfunction; dementia
was reported to have developed in
100 of these individuals (0.9%) and
1,333 (11.6%) had a postrandomization
MMSE score ,24. The incidence of cog-
nitive dysfunction (and its components)
in those individuals who did and did not
experience severe and nonsevere hypo-
glycemia is depicted in the Supplemen-
tary Data.

Severe Hypoglycemia
There were 427 participants (3.7%) who
experienced severe hypoglycemia. The
analysis failed to demonstrate a relation-
ship between severe hypoglycemia and
incident cognitive impairment after ad-
justing for baseline CVD, diabetes status,
and treatment allocation (hazard ratio
[HR] 1.16; 95% CI 0.89, 1.52) and after
adjusting for these variables and a pro-
pensity score for severe hypoglycemia
(HR 1.00; 95% CI 0.76, 1.31). There was
no evidence of an interaction between
glargine allocation and severe hypoglycemia

Table 1—Baseline characteristics according to severe hypoglycemia status among
11,495 participants with a baseline MMSE score ‡24
Variable Severe hypoglycemia No severe hypoglycemia

Total n 427 11,068

Age, years 65.5 (8.1) 63.2 (7.7)A

Female 112 (26.2) 3,663 (33.1)B

Education
,8 years 139 (32.6) 3,564 (32.2)
9–12 years 146 (34.2) 3,047 (27.5)B

.12 years 142 (33.3) 4,455 (40.2)B

Ethnicity
White 252 (59.0) 6,784 (61.3)
Black 9 (2.1) 295 (2.7)
South Asian 9 (2.1) 419 (3.8)
Other Asian 26 (6.1) 707 (6.4)
Latin 121 (28.3) 2,588 (23.4)B

Other 10 (2.3) 274 (2.5)

Depression3 72 (16.9) 1,546 (14.0)

Mean BMI 29.2 (4.6) 29.9 (5.3)B

Previous CVD1 279 (65.3) 6,548 (59.2)B

Hypertension 356 (83.4) 8,717 (78.8)B

Hyperlipidemia 301 (70.5) 7,385 (66.7)

Current smoker 53 (12.4) 1,410 (12.7)

Alcohol2 126 (29.5) 2,612 (23.6)B

Previous DM 395 (92.5) 9,736 (88.0)B

DM duration, years 7.5 (7.5) 5.3 (5.8)A

Mean A1C, % 6.6 (1.0) 6.5 (0.9)B

Mean FPG, mmol/L 7.5 (2.1) 7.3 (2.0)B

Glargine allocation 329 (77.0) 5,428 (49.0)A

Standard allocation 98 (23.0) 5,640 (51.0)A

n-3 allocation 214 (50.1) 5,571 (50.3)

Placebo allocation 213 (49.9) 5,496 (49.7)

Metformin 114 (26.7) 3,018 (27.3)

Sulfonylurea 155 (36.3) 3,141 (28.4)A

Other glucose-lowering drugs 20 (4.7) 315 (2.8)B

Mean MMSE score 28.2 (1.9) 28.5 (1.7)A

For categorical outcomes, values are presented as n (%). For continuous variables, values are
presented as the mean (SD). DM, diabetes mellitus. 1Defined as previous revascularization,
myocardial infarction, or stroke. 2More than two drinks consumed in a week. 3Defined as an
affirmative answer regarding the questionof feeling “sad, low in spirits, or depressed for 2 ormore
weeks” and during that time also having “thought a lot about death or required treatment for
depression.” AP , 0.001. BP # 0.05.
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(P for interaction = 0.23). Sensitivity anal-
ysis accounting for the competing risk of
death yielded similar results (HR 1.16;
95% CI 0.89, 1.51; and HR 1.02; 95% CI
0.78, 1.34; respectively) (Fig. 1A) as did
the addition of age at the time that data
were censored for each participant (HR
0.99; 95% CI 0.75, 1.30). Finally, in a
sensitivity analysis that used a more
restricted definition of cognitive dys-
function (i.e., either reported dementia
or two consecutiveMMSE scores,24 or
a last available MMSE score ,24), a
similar, nonsignificant propensity score
and adjusted hazard ratio was calculated
(HR 1.21; 95% CI 0.9, 1.63).

Nonsevere Hypoglycemia
There were 3,256 participants (28.3%)
who experienced nonsevere hypoglyce-
mia. There was an inverse relationship
between nonsevere hypoglycemia and
the risk for incident cognitive dysfunc-
tion. Thus, those individuals who expe-
rienced at least one episode of nonsevere
hypoglycemia were less likely to develop
cognitive dysfunction than were those
who did not experience an episode, after
adjustment for baseline CVD, diabetes
status, and treatment allocation (HR
0.59; 95% CI 0.52, 0.68) and for these
variables plus a propensity score for
nonsevere hypoglycemia (HR 0.58;

95% CI 0.51, 0.67). There was no evi-
dence of an interaction between glargine
allocation and nonsevere hypoglycemia
(P for interaction = 0.042; due to multi-
ple interactions, P, 0.0042 considered
to be significant). A sensitivity analysis
that accounted for the competing risk
of death yielded similar results (HR
0.63; 95% CI 0.55, 0.72; and HR 0.62;
95% CI 0.54, 0.72; respectively) (Fig. 1B),
as did the addition of A1C as a time-
varying covariate (HR 0.59; 95% CI 0.52,
0.68; and HR 0.59; 95% CI 0.51, 0.67;
respectively) and the addition of age at
the time that data were censored for
each participant (HR 0.58; 95% CI 0.50,
0.66). Finally, in a sensitivity analysis that
used a more restricted definition of
cognitive dysfunction (reported de-
mentia or two consecutive MMSE
scores ,24 or a last available MMSE
score ,24), a similar propensity score–
adjusted HR was calculated (HR 0.62;
95% CI 0.52, 0.73).

Subgroup Analyses
Figure 2 displays the relationship be-
tween hypoglycemia and incident cog-
nitive dysfunction overall and within
predefined subgroups after adjustment
for baseline CVD, diabetes status, treat-
ment allocation, and a propensity score
for severe hypoglycemia. There was no
evidence of a statistically significant in-
teraction among subgroups and the risk
of cognitive dysfunction with either severe
or nonsevere hypoglycemia (all P values
for interaction $0.0042).

CONCLUSIONS

In this long-term prospective analysis of
data from 11,495 people, neither severe
nor nonsevere hypoglycemia was asso-
ciated with a higher incidence of cogni-
tive dysfunction either before or after
adjusting for confounding variables, in-
cluding hypoglycemia propensity scores,
and the competing risk of death. The facts
that all participants were cognitively in-
tact enough at baseline to understand
and sign a consent form and that the
analyses were limited to individuals
whose baseline MMSE score was $24
ensure that the relationship of hypo-
glycemia with incident, as opposed to
prevalent, cognitive dysfunction was
assessed.

These findings are similar to those
from two large clinical trials in which

Table 2—Baseline characteristics according to nonsevere hypoglycemia status
among 11,495 participants with a baseline MMSE ‡24
Variable Nonsevere hypoglycemia No nonsevere hypoglycemia

Total n 3,256 8,239

Age, years 62.8 (7.4) 63.5 (7.8)A

Female 1,013 (31.1) 2,762 (33.5)B

Education
,8 years 1,066 (32.7) 2,637 (32.0)
9–12 years 914 (28.0) 2,279 (27.7)
.12 years 1,276 (39.2) 3,321 (40.3)

Ethnicity
White 1,843 (56.6) 5,193 (63.0)A

Black 86 (2.6) 218 (2.6)
South Asian 112 (3.4) 316 (3.8)
Other Asian 183 (5.6) 550 (6.7)B

Latin 966 (29.7) 1,743 (21.2)A

Other 66 (2.0) 218 (2.6)

Depression3 547 (16.8) 1,071 (13)A

Mean BMI 29.6 (5.1) 30.0 (5.3)A

Previous CVD1 1,947 (59.8) 4,880 (59.2)

Hypertension 2,562 (78.7) 6,511 (79.0)

Hyperlipidemia 2,198 (67.5) 5,488 (66.6)

Current smoker 445 (13.7) 1,018 (12.4)

Alcohol2 810 (24.9) 1,928 (23.4)

Previous DM 3,049 (93.6) 7,082 (86.0)A

DM duration, years 6.3 (6.4) 4.9 (5.6)A

Mean A1C, % 6.7 (1.0) 6.4 (0.9)A

Mean FPG, mmol/L 7.6 (2.1) 7.2 (1.9)B

Glargine allocation 2,429 (74.6) 3,328 (40.4)A

Standard allocation 827 (25.4) 4,911 (59.6)A

n-3 allocation 1,621 (49.8) 4,164 (50.5)

Placebo allocation 1,635 (50.2) 4,074 (49.4)

Metformin 879 (27.0) 2,253 (27.3)

Sulfonylurea 1,310 (40.2) 1,986 (24.1)A

Other glucose-lowering drugs 101 (3.1) 234 (2.8)

Mean MMSE score 28.4 (1.8) 28.5 (1.7)B

For categorical outcomes, values are n (%). For continuous variables, the mean (SD) is given. DM,
diabetes mellitus. 1Defined as previous revascularization, myocardial infarction, or stroke.
2More than two drinks consumed in a week. 3Defined as an affirmative answer regarding
the question of feeling “sad, low in spirits, or depressed for 2 or more weeks” and during
that time also having “thought a lot about death or required treatment for depression.” AP, 0.001.
BP = , 0.05.

care.diabetesjournals.org Cukierman-Yaffe and Associates 145

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/42/1/142/528318/dc180690.pdf by guest on 10 April 2024

http://care.diabetesjournals.org


participants had to be cognitively intact
enough at baseline to understand and
sign an informed consent form. These
include the ACCORD MIND (Action to
Control Cardiovascular Risk in Diabe-
tes Memory in Diabetes) substudy, in
which no relationship between severe
hypoglycemia and cognitive decline was
observed in 2,977 individuals, and the
ADVANCE (Action in Diabetes and Vas-
cular Disease: Preterax and Diamicron
MR Controlled Evaluation) trial in 11,140
people, in which people allocated to the
intensive glucose-lowering group had
more episodes of severe hypoglycemia
than those allocated to standard care,
but a similar rate of cognitive decline (5).
Conversely, these findings do not support

some previous reports (1–3) that hypo-
glycemia increases the risk of cognitive
dysfunction. Cognitive status at baseline
was unavailable in some of these reports,
which raises the possibility that in those
analyses hypoglycemia may have oc-
curred more frequently in those with
reduced cognitive function. Indeed, we
previously reported that baseline MMSE
score was an independent risk factor
for severe hypoglycemia in ORIGIN
participants (8).

The observation that individuals who
experienced nonsevere hypoglycemia
had a lower incidence of cognitive im-
pairment than those who did not ex-
perience any such episodes may have
been a chance finding. Alternatively, those

people who experienced such episodes
may have been those with better cog-
nitive function at baseline, thus motivat-
ing them to strive for lower glucose levels
leading to more nonsevere hypoglyce-
mia. The fact that sensitivity analysiswith
further adjustment for A1C as a time-
varying covariate did not alter the re-
lationship reducesbutdoesnoteliminate
this possibility.

Our study has several limitations. First,
despite adjustment for a propensity
score that included many variables, the
possibility of residual confounding can-
not be eliminated. Indeed, as noted in
Table 1, people who experienced a hypo-
glycemic event differed in several ways
from those who did not. Second, as

Figure 1—The risk for incident cognitive dysfunction after an episode of severe (A) or nonsevere (B) hypoglycemia with andwithout accounting for the
competing risk of death after adjusting for consecutivemodels that include the following: CVD, diabetes status, treatment allocation, and a propensity
score (for severe and nonsevere hypoglycemia).

Figure 2—The risk for incident cognitive dysfunction after an episode of severe (A) and nonsevere (B) hypoglycemia after adjusting for CVD, diabetes (DM)
status, treatment allocation, and a propensity score (for severe and nonsevere hypoglycemia) in subgroups of participants. Educ, education; Y, years.
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ORIGIN trial participants had a mean age
of 64 years with a fairly low A1C at
baseline, these results may not apply
to an older, less well-controlled popula-
tion. Third, hypoglycemia was basedon
the interrogation of participants and their
logbook, and not on independent meas-
ures of glucose, thus reducing, but not
eliminating, the possibility of misclassifi-
cation in the ascertainment of the hypo-
glycemia episodes.
These findings provide no support

for the hypothesis that hypoglycemia
causes long-term cognitive decline and
are therefore reassuring for patients and
their health care providers. When viewed
in the context of previous reports that
cognitive dysfunction is a risk factor for
future hypoglycemia, they highlight the
importance of assessing cognitive sta-
tus in all patients and tailoring therapy
appropriately.
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