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Cognitive dysfunction is increasingly
recognized as a complication of type 2
diabetes. There is a growing evidence
for etiologic roles of glycemia and insulin
resistance, although important ques-
tions remain (1,2). Elevated levels of
glycosylated hemoglobin (HbA;.) appear
to be related to worse cognition, but
there are indications that the same
holds true for lower HbA,. levels, pos-
sibly because intensive glycemic control
increases the risk of hypoglycemia (1).
Previous studies relating HbA;. to cog-
nition did not sufficiently address this
possible nonlinear relationship. Regard-
ing insulin resistance, it has been postu-
lated that disturbances in cerebral insulin
signaling might negatively affect cogni-
tion (2). Indeed, in individuals without
type 2 diabetes, both hyperinsulinemia
and insulin resistance have been related
to poorer cognitive performance and
dementia (2). However, a comprehensive
understanding of the interrelationship
between markers of insulin homeosta-
sis and cognition in type 2 diabetes is
still lacking (1). Finally, there may be

interindividual differences in susceptibil-
ity for developing cognitive dysfunc-
tion, where factors such as age and sex
could modify the relations between gly-
cemia, insulin resistance, and cognition.
We therefore investigated, in a large
cohort of patients with type 2 diabetes,
how HbA;. and indices of insulin resis-
tance and B-cell function relate to cog-
nitive function, specifically addressing
potential nonlinear associations and
the influence of age and sex.

We studied participants of the cogni-
tion substudy of the CAROLINA (CARdio-
vascular Outcome Trial of LINAgliptin
Versus Glimepiride in Type 2 Diabetes)
trial (NCT01243424). CAROLINA is a ran-
domized, active comparator, double-
blind study of 6,041 patients with
relatively early type 2 diabetes, where
the primary purpose is to evaluate the
cardiovascular safety and efficacy of the
dipeptidyl peptidase 4 inhibitor linaglip-
tin versus the sulfonylurea glimepiride.
The CAROLINA Cognition substudy inves-
tigates if linagliptin is superior to glime-
piride in the prevention of accelerated
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cognitive decline (3). In brief, the Mini-
Mental State Examination (MMSE), a
test of global cognitive function, and
the Trail Making Test and Verbal Fluency
Test combined into one composite score
for an attention and executive function-
ing score were conducted at baseline,
after 160 weeks of treatment, and at
study end (3). Baseline scores were used
for the present analyses. Insulin resis-
tance was assessed with the HOMA2
of insulin resistance (HOMA2-IR). Indi-
ces of B-cell function were proinsulin,
C-peptide, the proinsulin-to-C-peptide
ratio, and the HOMA2 of 3-cell function
(HOMAZ2-B). The relationships between
HbA,. and indices of insulin resistance
and B-cell function and the cognitive
measures, adjusted for confounders
(age, sex, education, and race, and for
HbA;., use of glinide or sulfonylurea),
were assessed with ANCOVA; we also
examined analyses stratified by HbA,.
(by median value), age (=70 years, <70
years), and sex (women, men). Nonlinear
associations were addressed by adding
a quadratic term of the mean-centered
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more vulnerable. Although a causal
relationship between HbA;. and cogni-
tive function cannot be inferred by these
cross-sectional observations, they add
to an emerging literature indicating that
in older individuals, particularly, both tight
and loose glycemic control may adversely
affect cognition (1). This issue clearly
needs further investigation. The lack of
association between cognitive perfor-
mance and C-peptide and the HOMA2
indices are congruent with recent studies
in patients with type 2 diabetes (4). The
negative linear association between el-
evated proinsulin and cognitive function
could involve a direct effect of proinsulin
on cardiovascular risk (5). Another ex-
planation for this finding could be that
proinsulin and the proinsulin—to—C-
peptide ratio are more suitable markers
of B-cell function in people with type 2
diabetes, particularly because proinsulin
secreted by the P-cells increases fur-
ther as diabetes progresses, whereas

C-peptide and insulin levels decrease
when B-cells get exhausted.
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