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Abstract.
Background: Diabetes increases the risk for cognitive decline, but the mechanisms behind this association remain unknown.
Impaired early insulin secretion in elderly men and insulin resistance, both of which are pathophysiological features of type
2 diabetes, have previously been linked to Alzheimer’s disease.
Objective: To examine if the early insulin response to oral glucose load predicts cognitive performance after 10 years in men
and women aged 45-74 years.
Methods: This study was based on a subpopulation of the Health 2000 Survey, a Finnish nationwide, population-based
health examination study, and its follow-up, the Health 2011 Study. In total, 961 45–74-year-old individuals (mean age at
baseline 55.6 years, 55.8% women) were examined. An oral glucose tolerance test was performed in 2001–2002, and early
insulin response was defined as the ratio of the 30-min increment in insulin concentration to that of glucose concentration.
Cognitive function was evaluated at baseline and follow-up with categorical verbal fluency, word-list learning, and word-list
delayed recall. Statistical analyses were performed using multivariable linear models adjusted for age, sex, education, APOE
ε4 genotype, vascular risk factors including diabetes, and depressive symptoms.
Results: A lower early insulin response to glucose load predicted lower performance (�: 0.21, p = 0.03) and greater decline (�:
0.19, p = 0.03) in the word-list delayed recall test. Baseline early insulin response did not predict verbal fluency or word-list
learning (all p-values ≥ 0.13).
Conclusion: Our results suggest that decreased early insulin secretion predicts episodic memory decline in middle-aged to
elderly men and women.
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INTRODUCTION

Diabetes increases the risk for cognitive decline
and Alzheimer’s disease, the most common cause
of dementia [1, 2], but the underlying biological
mechanisms are not fully understood. There are a
number of studies on glucose regulation and cog-
nitive decline, but the results have been somewhat
inconsistent [3, 4]. According to a systematic review,
higher levels of glycemia are weakly associated with
cognitive decline among people with type 2 diabetes
[5]. Consistently, among people without diabetes,
higher glucose levels are associated with weaker
cognitive function [6], faster cognitive decline [3],
and an increased risk of dementia [7]. A recent
study did not find shared genetic risk factors for
diabetes and Alzheimer’s disease [8]. Further, no
increase in neuritic plaques or neurofibrillary tangles
has been found in individuals with diabetes in large
neuropathological studies [9, 10]. However, a recent
large population-based study showed that diabetes is
related to amyloid-� burden measured with positron
emission tomography (PET) in non-demented adults
[11].

It has been suggested that cognitive decline associ-
ated with diabetes would be determined by multiple
etiologies [12, 13]. Presumably, the risk for cogni-
tive decline begins increasing before blood glucose
levels reach diabetic thresholds, i.e., at prediabetic
stages [12]. Conditions related to prediabetes already,
such as obesity, the metabolic syndrome, and insulin
resistance, are linked to a heightened risk of cognitive
impairment, dementia, and Alzheimer’s disease [12,
14–18].

Impaired insulin secretion and insulin resistance
are the hallmarks of prediabetes and type 2 dia-
betes. Several previous studies have found an
association between insulin resistance and cogni-
tive decline or Alzheimer’s disease [14, 15, 18,
19]. However, less is known about the relation-
ship between impaired insulin secretion and the
risk for cognitive decline. Pancreatic �-cell dysfunc-
tion, leading to impaired insulin secretion, occurs
already at prediabetic stages [20, 21] and impaired
early insulin secretion is an independent predic-
tor of future type 2 diabetes [22, 23]. A previous
study has shown that a low early insulin response
to oral glucose challenge, a marker of pancreatic
�-cell function and first-phase insulin secretion, is
associated with an increased risk for Alzheimer’s
disease, but the study population included men
only [24].

We have previously reported that the homeostasis
model of insulin resistance (HOMA-IR), an esti-
mate of insulin resistance, predicts cognitive decline
[14, 15] and that insulin resistance at midlife pre-
dicts brain amyloid deposition after 15 years [25].
We have also shown that the 2-h post-load glucose
value in the 2-h oral glucose tolerance test predicts
episodic memory decline after 10 years [26]. The
present study aimed to examine, based on previous
studies, if early insulin response to oral glucose load
can predict cognitive decline. We hypothesized that
a lower early insulin response to oral glucose load
would be associated with cognitive decline after 10
years. To test this hypothesis, we studied 961 middle-
aged men and women who participated in the Finnish
population-based Health 2000 survey, its supplemen-
tal examinations, and its follow-up study, the Health
2011 survey.

MATERIALS AND METHODS

Participants

Participants included in the present study had
attended the Finnish Health 2000 Examination Sur-
vey, its in-depth examinations on a subpopulation in
2001–2002, and the Health 2011 follow-up survey
conducted by the Finnish National Institute for Health
and Welfare [27, 28].

The Health 2000 survey was a comprehensive,
nationwide, population-based survey carried out in
2000–2001. Altogether 8,028 adults living in Finland,
aged 30 and over, were randomly selected from the
Finnish population registry. In total 84% (n = 6,770)
participated in the examinations [27]. A subsample
of the main study population was invited to take
further examinations in 2001–2002 to study cardio-
vascular health and diabetes more thoroughly. From
those who had participated in the Health 2000 exam-
ination, those who were aged 45–74, and who lived
near one of the five central university hospital cities in
Finland (n = 1,867), were invited to the supplemental
cardiovascular investigation. Altogether 1,526 (82%
of the invited) attended the supplemental survey [29]
(Fig. 1). All the individuals who had been invited to
the original Health 2000 Survey, who were still liv-
ing, who lived in Finland, and who had not refused to
participate, were invited to participate in the Health
2011 follow-up survey [28].

The present study’s population consists of those
who had participated in all three examinations. Those
who did not undergo an oral glucose tolerance test
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Fig. 1. Flow chart of the study population.

due to the use of insulin (n = 22) or other reasons
(n = 19), were excluded from this study, as well as
those with missing cognitive test results at baseline
(n = 14) or follow-up (n = 24). Altogether 111 indi-
viduals had died or were lost to follow-up. The total
number of participants included in the present study
is 961. (Fig. 1).

The Ethics Committee for epidemiology and pub-
lic health in the hospital district of Helsinki and
Uusimaa, Finland approved the studies. Written
informed consent was obtained from all of the partic-
ipants before attending the studies.

Baseline measurements

In the Health 2000 Survey, the APOE genotype was
determined with a protocol that has been described
previously [30]. Those with one or two ε4 alleles were
regarded as APOE ε4-carriers. Information about
the participants’ education and smoking status was
obtained through interviews and questionnaires. Pos-
sible depressive symptoms were evaluated with the
Beck depression inventory (BDI) [31]. HbA1c was
analyzed as previously reported [14].

In the supplemental cardiovascular examinations
in 2001–2002, body mass index (BMI) was deter-
mined, and blood pressure (BP) was measured in
a sitting position from the right arm three times
with the oscillometric OMRON M4 blood pressure
measuring device (Omron Matsusaka Co, Japan,
OMRON Healthcare Europe B.V., Hoofddorp, The
Netherlands) [29]. The mean of three measurements
was used in the analyses. Hypertension was defined
as systolic BP ≥ 140 or diastolic BP ≥ 90 mmHg
or the use of antihypertensive treatment. Informa-
tion about the participants’ medical history and
medication was obtained through interviews and
questionnaires. Blood samples were drawn after an
overnight fast of 10–12 h. Serum fasting choles-
terol [32], glucose, and insulin values [33] were
determined as previously reported. Individuals with
serum total cholesterol > 6.5 or cholesterol-lowering
pharmaceuticals were considered to have hyperc-
holesterolemia. An oral glucose tolerance test was
performed according to international guidelines [34].
Participants were given a glucose solution of 300 ml
containing 75 g of glucose and water, and blood sam-
ples were drawn before and at 30 and 120 minutes
after the glucose load. Plasma glucose concentra-
tions were determined by the glucose dehydrogenase
method (Diagnostica Merck, Darmstadt, Germany)
in an automated clinical chemistry analyzer (Thermo
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Clinical Labsystems, Konelab, Vantaa, Finland), and
plasma insulin concentrations were measured with an
RIA kit (Phadeseph insulin RIA; Pharmacia, Upp-
sala, Sweden) as previously reported [33]. Early
insulin response to a glucose load was defined as the
ratio of the 30-min increment in insulin concentration
(30-min insulin minus fasting insulin) to the 30-min
increment in glucose concentration (30-min glucose
minus fasting glucose) [24]. HOMA-IR was calcu-
lated using the equation fasting insulin (�U/ml) times
fasting glucose (mmol/l) divided by 22.5 [35].

Cognitive tests

Categorical verbal fluency, word-list learning, and
word-list delayed recall tests from the Finnish version
of the CERAD (Consortium to Establish a Registry
for Alzheimer’s Disease) test battery [36, 37] were
used to evaluate cognitive function at baseline and
follow-up [26, 28, 29]. The procedures regarding cog-
nitive testing in the Health 2000 and 2011 studies
have been described in detail earlier [14, 28, 29].
The changes in verbal fluency, word-list learning, and
word-list delayed recall test results during the follow-
up were calculated as cognitive test scores in 2011
minus cognitive test scores in 2000. Thus, a nega-
tive change indicates a decline in test scores during
the follow-up and a positive change indicates that the
person performed better at the follow-up.

Statistical analyses

Logarithmic transformation was used to achieve a
normal distribution of the non-normally distributed
variables (insulin values, early insulin response,
HOMA-IR, and BDI score).

For descriptive purposes only, the study pop-
ulation was divided into three groups (normal
glucose metabolism, impaired fasting glucose (IFG)
or impaired glucose tolerance (IGT), and dia-
betes) according to World Health Organization
criteria for IFG, IGT, and diabetes [34]. Normal
glucose metabolism was defined as no use of dia-
betes medication, and fasting glucose < 6.1 mmol/l,
and 2-h post-load glucose value < 7.8 mmol/l. IFG
was defined as no use of diabetes medication,
and fasting glucose 6.1-6.9 mmol/l, and a 2-
h post-load glucose value < 7.8 mmol/l. IGT was
defined as no use of oral diabetes medication,
fasting glucose < 7.0 mmol/l, and 2-h post-load
glucose value ≥ 7.8 mmol/l and < 11.1 mmol/l. Indi-
viduals using diabetes medication or with fasting

glucose ≥ 7.0 mmol/l or 2-h post-load glucose
value ≥ 11.1 mmol/l were categorized as having type
2 diabetes. p-values for differences between the three
groups were assessed with Oneway Anova for con-
tinuous variables and with Chi Squared test for
categorical variables. Multiple comparison p-values
were calculated using Tukey’s HSD for continuous
variables and using Bonferroni corrections for cate-
gorical variables. Additionally, participants with IFG
and IGT were compared with a two-sample t-test for
continuous variables and with Pearson’s Chi-Squared
test for categorical variables. In all further analyses,
insulin values, early insulin response, and HOMA-IR
were handled as continuous variables.

Associations between the explanatory variables
(insulin values, early insulin response, HOMA-IR)
and cognitive test scores at follow-up, as well as
the associations between the explanatory variables
and the change in cognitive test results, were studied
using multivariable linear models. The analyses were
adjusted for known risk factors for cognitive decline.
The adjustments were similar to those used in our
previously published study evaluating the association
between 2-h post-load glucose and cognitive perfor-
mance [26]. First, the analyses were adjusted for age,
sex, and duration of education. Then the analyses
were further adjusted for APOE ε4 genotype, type 2
diabetes, hypertension, hypercholesterolemia, BMI,
BDI score, and smoking status. The analyses regard-
ing the change in cognitive test scores (from 2000 to
2011) were additionally adjusted for baseline cogni-
tive test results. [26] We also performed sensitivity
analyses excluding those with treated diabetes. The
normality assumptions of the analyses were verified
from the residuals.

The differences between the 45–74-year-old indi-
viduals of the main Health 2000 study and those
included in this study were analyzed by Student’s
t-test for continuous variables and Pearson’s Chi-
Squared test for categorical variables. The differences
between those who dropped out from the follow-up
study and those who completed the follow-up study
were analyzed similarly.

Statistical significance was set at p < 0.05. SAS
JMP Pro 14 (SAS Institute, Cary; NC, USA) was
used to the statistical analyses.

Interactions

Age, sex, APOE ε4 genotype, and type 2 dia-
betes interactions for fasting insulin, 2-h insulin, and
early insulin response on the cognitive test results at
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follow-up were analyzed in the age, sex, and educa-
tion adjusted model. The interaction ‘2-hour insulin x
APOE ε4’ was significant for word-list recall in 2011
(p = 0.01), and therefore the analysis was stratified
by APOE genotype. Other interactions were insignif-
icant (all p-values ≥ 0.06).

RESULTS

Demographics

Characteristics of the study population accord-
ing to three glucose tolerance groups are shown
in Table 1. Participants with type 2 diabetes were
older, less educated, and had higher systolic BP and
higher BMI compared to those with normal glucose
metabolism. Participants with IFG/IGT were older
and had higher systolic BP and higher BMI than
those with normal glucose metabolism. Participants
with type 2 diabetes had higher systolic BP and BMI
compared to participants with IFG/IGT. Participants
with IFG/IGT had higher 30-min insulin values than

participants with normal glucose metabolism and par-
ticipants with diabetes, but there was no difference
between normal glucose metabolism and type 2 dia-
betes groups in the 30-min insulin values (Table 1).
Compared to those with IGT, participants with IFG
were more frequently men (p = 0.04) and had lower
2-h insulin (p < 0.0001). There were no differences
between the IFG and IGT groups in fasting or 30-
min insulin levels (p ≥ 0.90), early insulin response
(p = 0.59), HOMA-IR (p = 0.19), HbA1c (p = 0.92),
total cholesterol (p = 0.16), systolic blood pressure
(p = 0.07), or BMI (p = 0.33) (data not shown).

Compared to the 45-74-year-old participants of
the main Health 2000 study, the participants of the
present study were younger (mean age at baseline
55.6 years versus 57.3 years, p < 0.0001), more edu-
cated (education in years, mean 11.6 years versus
10.4 years, p < 0.0001), and less frequently smokers
(14.8 % versus 21.8%, p < 0.0001). Those who did not
participate in the follow-up examinations were older
(mean age at baseline 59.0 years versus 55.6 years,
p < 0.0001), less educated (education in years, mean

Table 1
Characteristics of the study population according to three glucose tolerance groups

Normal glucose IFG (n = 94) or Type 2 diabetes p
metabolism IGT (n = 161) N = 84

N = 622 N = 255

Age 54.8 (7.3) 56.9 (7.5)*** 57.5 (7.1)** <0.0001
Women, n (%) 380 (61.1) 114 (44.7)*** 42 (50) <0.0001
Years of education 11.8 (3.9) 11.2 (3.8) 10.5 (3.4)** 0.001
APOE ε4 genotype, n (%) 199 (33.4) 75 (31.1) 30 (36.1) 0.67
Fasting glucose (mmol/l), median (Q1, Q3) 5.4 (5.1, 5.6) 6.1 (5.7, 6.3)*** 7.1 (6.6, 8.0)*** ††† <0.0001
30 min glucose (mmol/l) in OGGT, median (Q1, Q3) 8.0 (7.1, 8.8) 9.5 (8.7, 10.2)*** 11.3 (9.8, 13.1)*** ††† <0.0001
2 h glucose (mmol/l) in OGTT, median (Q1, Q3) 5.6 (4.7, 6.5) 8.1 (6.6, 9.0)*** 12.9 (11.4, 16.1)*** ††† <0.0001
Fasting insulin (mU/l), median (Q1, Q3) 6.5 (5.0, 8.5) 9.5 (6.9, 13.2)*** 12.5 (9.6, 17.3)*** ††† <0.0001
30 min insulin (mU/l) in OGTT, median (Q1, Q3) 39 (28, 55) 47 (30, 65)** 38 (28, 57.) 0.002
2 h insulin (mU/l) in OGTT, median (Q1, Q3) 30 (20, 43) 54 (35, 85)*** 64 (41, 112)*** <0.0001
Early insulin response (mU/mmol), median (Q1, Q3) 12.7 (8.5, 21.0) 10.4 (7.2, 15.1)*** 6.7 (4.4, 9.9)*** ††† <0.0001
HOMA-IR, median (Q1, Q3) 1.5 (1.2, 2.1) 2.6 (1.8, 3.7)*** 4.1 (3.0, 6.0)*** ††† <0.0001
HbA1c (%) 5.6 (0.3) 5.8 (0.4)*** 6.5 (0.9)*** ††† <0.0001
Serum total cholesterol (mmol/l) 5.6 (0.9) 5.7 (1.0) 5.5 (1.0) 0.20
Systolic blood pressure (mmHg) 131 (19) 144 (21)*** 151 (21)*** † <0.0001
BMI (kg/m2) 26.0 (3.9) 28.7 (4.6)*** 30.1 (4.5)*** † <0.0001
BDI score, median (Q1, Q3) 5 (2, 11) 5 (2, 9) 6 (3, 12) 0.41
Current smoking, n (%) 96 (15.4) 33 (12.9) 13 (15.5) 0.63
Verbal fluency in 2000 25.6 (6.8) 24.9 (7.3) 23.3 (5.9)* 0.01
Word-list learning in 2000 21.6 (3.7) 20.9 (3.6)* 20.2 (3.7)** 0.001
Word-list delayed recall in 2000 7.3 (1.6) 7.0 (1.8) 6.8 (1.8)* 0.01
Verbal fluency in 2011 24.2 (7.0) 23.6 (7.3) 21.4 (6.0)** † 0.002
Word-list learning in 2011 20.9 (4.4) 20.1 (4.2) 18.3 (4.4)*** †† <0.0001
Word-list delayed recall in 2011 7.2 (2.0) 6.7 (2.1)** 6.0 (2.3)*** † <0.0001

The values are given as mean (SD) unless stated otherwise. p-values for differences between the glucose tolerance groups were assessed
with Oneway ANOVA for continuous variables and with Chi Squared test for categorical variables. Multiple comparison p-values were
calculated using Tukey’s HSD for continuous variables and using Bonferroni corrections for categorical variables. Multiple comparison
p-values: compared to normal glucose tolerance group *p < 0.05, **p < 0.01, ***p < 0.001; IFG/IGT group compared to diabetes †p < 0.05,
††p < 0.01, †††p < 0.001. OGTT, oral glucose tolerance test.
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10.3 years versus 11.6 years,<0.0001), and more fre-
quently smokers (29.7% versus 14.8%, p < 0.0001)
than those included in this study.

Supplementary Table 1 shows the number of indi-
viduals using oral diabetes medication, systemic
corticosteroids, antidepressants, antipsychotics, anti-
hypertensive, or cholesterol-lowering medication.

Predictors of cognitive performance at the
10-year follow-up

The results of the age, sex, and education-adjusted
analyses and the fully adjusted models (adjusted
further for APOE ε4 genotype, type 2 diabetes, hyper-
tension, hypercholesterolemia, BMI, BDI-score, and
smoking status) are shown in Table 2. There was a
positive association between early insulin response
and word-list delayed recall performance, i.e., a
lower early insulin response predicted a lower score,
and conversely, a higher early insulin response pre-
dicted a better score in the word-list delayed recall
test at follow-up (fully adjusted analysis: �: 0.21,
p = 0.03). The association remained borderline signif-
icant when HOMA-IR was included in the analyses
(p = 0.056). (Data not shown). In the less adjusted
analyses (adjusted for age, sex, and education), higher
fasting insulin and HOMA-IR predicted worse scores
in the verbal fluency test (Table 2).

In the sensitivity analyses (those with treated
diabetes excluded), the association between lower
early insulin response and lower word-list delayed
recall test remained significant in the age, sex, and
education-adjusted analysis (�: 0.20, p = 0.02) but not
in the fully adjusted analysis (�: 0.18, p = 0.07) (data
not shown).

Because the interaction ‘2-hour insulin x APOE
ε4’ was significant for predicting word-list recall in
2011, the analysis was stratified by APOE genotype.
The 2-h insulin value did not predict performance
in verbal fluency in 2011 among APOE ε4 negative
nor positive participants in the analyses adjusted for
age, sex, education, type 2 diabetes, hypertension,
hypercholesterolemia, BMI, BDI-score, and smoking
status (p-values ≥ 0.34) (data not shown).

Change in cognitive performance after 10 years

The results of the analyses evaluating the associ-
ations between the explanatory variables at baseline
and the change in cognitive test results during the
follow-up are shown in Table 3. The association
between baseline early insulin response and change in

word-list delayed recall during the 10-year follow-up
was also positive, i.e., a lower early insulin response
in 2001–2002 predicted larger decline and a higher
early insulin response predicted respectively a lower
decline (or even better performance at follow-up)
from baseline to follow-up (fully adjusted analysis: �:
0.19, p = 0.03). In the analyses adjusted only for age,
sex, education, and the cognitive test score at base-
line, higher fasting insulin and HOMA-IR predicted
a steeper decline in the verbal fluency test (Table 3).

In the sensitivity analyses, the association between
a lower early insulin response and more deterioration
in the word-list delayed recall test remained signifi-
cant in the age, sex, and education-adjusted analysis
(�: 0.16, p = 0.04) but not in the fully adjusted anal-
ysis (�: 0.16, p = 0.08) (data not shown).

Age, years of education, and sex were the most
important variables predicting cognitive test results
as well as change in the cognitive scores. When pre-
dicting word-list delayed recall, adding early insulin
response to the model after age, sex, and years of edu-
cation improved the model only slightly (adjusted r2

improved from 21% to 22%). Similarly, when pre-
dicting change in word-list delayed recall, adding
early insulin response to the model after age, sex, and
years of education improved the model only slightly
(adjusted r2 improved from 18% to 19%).

DISCUSSION

This study indicates that impaired early insulin
secretion in the oral glucose tolerance test predicts
episodic memory decline 10 years later. A lower early
insulin response was associated with poorer word-
list delayed recall (recalling 10 words after 5 min)
at follow-up as well as a greater decline from the
baseline.

A previous study that examined 1,125 elderly men
with a follow-up of 12 years, showed that low early
insulin response is associated with increased risk
for Alzheimer’s disease but not for vascular demen-
tia [24]. The same study group also showed that
impaired insulin secretion at midlife, assessed with
the intravenous glucose tolerance test, is associated
with an increased risk for Alzheimer’s disease and
also for any dementia or cognitive decline among men
(n = 1,792, follow-up 32 years) [38]. In line with these
results, in our present study on a cohort of middle-
aged men and women, a lower early insulin response
predicted a weaker performance in episodic mem-
ory after 10 years. In the sensitivity analyses with
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Table 2
Baseline fasting insulin, 2-h insulin, and early insulin response of the oral glucose tolerance test, and HOMA-IR as predictors of the cognitive

test results at the 10-year follow-up

Verbal fluency 2011 Word-list learning 2011 Word-list delayed recall 2011

Slope (95% CI) r2
adj Slope (95% CI) r2

adj Slope (95% CI) r2
adj

Age, sex, and education adjusted
Insulin 00 –1.41** 0.17 –0.47 0.28 –0.03 0.21

(–2.29 to –0.53) (–0.98 to 0.04) (–0.28 to 0.22)
Insulin 120 –0.59 0.16 –0.20 0.28 –0.01 0.21

(–1.18 to 0.01) (–0.54 to 0.15) (–0.18 to 0.17)
Early insulin response –0.36 0.16 0.01 0.28 0.24** 0.22

(–0.94 to 0.22) (–0.32 to 0.35) (0.07 to 0.40)
HOMA-IR –1.25** 0.17 –0.49* 0.29 –0.09 0.21

(–2.00 to –0.50) (–0.93 to –0.05) (–0.30 to 0.13)

Fully adjusted model
Insulin 00 –0.87 0.17 0.51 0.30 0.27 0.23

(–2.09 to 0.35) (–0.20 to 1.22) (–0.08 to 0.63)
Insulin 120 –0.04 0.17 0.18 0.30 0.13 0.23

(–0.77 to 0.69) (–0.22 to 0.61) (–0.08 to 0.34)
Early insulin response –0.51 0.17 –0.15 0.30 0.21* 0.23

(–1.17 to 0.15) (–0.54 to 0.23) (0.02 to 0.40)
HOMA-IR –0.89 0.17 0.36 0.30 0.17 0.23

(–1.98 to 0.21) (–0.28 to 0.99) (–0.15 to 0.49)

The results are shown as slope (95% confidence interval). A logarithmic transformation is used for insulin values, early insulin response,
and HOMA-IR. The fully adjusted model is further adjusted for APOE ε4 genotype, type 2 diabetes, hypertension, hypercholesterolemia,
BMI, BDI-score, and smoking. r2

adj, adjusted coefficient of determination of each model of adjustment. *p < 0.05, **p < 0.01, ***p < 0.001.

Table 3
Baseline fasting insulin, 2-h insulin, and early insulin response of the oral glucose tolerance test, and HOMA-IR as predictors of the 10-year

change in cognitive test scores

Change in verbal Change in word-list Change in word-list delayed
fluency 2011–2000 learning 2011–2000 recall 2011–2000

slope (95% CI) r2
adj slope (95% CI) r2

adj slope (95% CI) r2
adj

Age, sex, education, and baseline cognitive test scores adjusted
Insulin 00 –0.76* 0.23 –0.36 0.20 0.06 0.19

(–1.48 to –0.03) (–0.81 to 0.09) (–0.19 to 0.32)
Insulin 120 –0.31 0.23 –0.11 0.20 0.06 0.19

(–0.80 to 0.18) (–0.41 to 0.20) (–0.11 to 0.23)
early insulin response –0.20 0.23 –0.04 0.20 0.21** 0.19

(–0.68 to 0.27) (–0.34 to 0.25) (0.06 to 0.35)
HOMA-IR –0.67* 0.23 –0.37 0.20 0.01 0.19

(–1.29 to –0.04) (–0.76 to 0.02) (–0.22 to 0.23)

Fully adjusted model
Insulin 00 –0.54 0.25 0.42 0.23 0.21 0.21

(–1.55 to 0.47) (–0.22 to 1.05) (–0.10 to 0.53)
Insulin 120 –0.02 0.25 0.17 0.22 0.11 0.21

(–0.62 to 0.59) (–0.21 to 0.54) (–0.08 to 0.30)
early insulin response –0.28 0.25 –0.19 0.23 0.19* 0.21

(–0.82 to 0.27) (–0.54 to 0.15) (0.02 to 0.36)
HOMA-IR –0.54 0.25 0.31 0.22 0.13 0.20

(–1.45 to 0.36) (–0.25 to 0.88) (–0.16 to 0.42)

The results are shown as slope (95% confidence interval). The change in the cognitive test scores at follow-up was calculated by the equation:
“cognitive test score at follow-up (year 2011) minus cognitive test score at baseline (year 2000)”. A negative change indicates a decline in
cognitive performance. Thus, a positive slope on the early insulin response in relation to the change in word-list delayed recall 2011–2000
indicates that a lower insulin response was associated with more cognitive decline. A logarithmic transformation is used for insulin values,
early insulin response, and HOMA-IR. The fully adjusted model is further adjusted for APOE ε4 genotype, type 2 diabetes, hypertension,
hypercholesterolemia, BMI, BDI-score, and smoking. r2

adj, adjusted coefficient of determination of each model of adjustment. *p < 0.05,
**p < 0.01, ***p < 0.001.
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treated diabetes excluded, the association remained
significant in the analysis adjusted for age, sex, and
education, but was just slightly lost in the fully
adjusted analysis. It was expected that those with dia-
betes might drive the association between lower early
insulin response and lower cognitive performance
since those with diabetes had lower early insulin
response values and also lower cognitive scores than
those without diabetes. Among metabolically healthy
individuals, the association was attenuated, albeit still
significant in the age, sex, and education adjusted
model.

Hyperinsulinemia as well has previously been
linked to Alzheimer’s disease and cognitive decline
[39, 40]. In a cohort of 683 persons aged 65 years and
older from northern Manhattan (follow-up 5.4 years),
hyperinsulinemia was associated with a decline in
memory-related cognitive scores and also with a
higher risk for Alzheimer’s disease [40]. Another
study (n = 7,148, aged 45-64 years at baseline, follow-
up of 6 years) showed that fasting hyperinsulinemia
and HOMA-IR at baseline were associated with lower
baseline cognitive test results and greater cognitive
decline [39]. Our results are in concordance with the
previous studies. We found that higher fasting insulin
was associated with poorer performance and greater
decline in verbal fluency but only in the less (age, sex,
and education) adjusted analyses.

We have previously shown that insulin resistance
measured by HOMA-IR predicts a decline in ver-
bal fluency, but we did not find an association
between HOMA-IR and word-list learning or word-
list delayed recall [14]. The previous study was
performed partly with the same study population as
the present study. Here, we repeat the result concern-
ing the association between greater HOMA-IR values
and a steeper decline in the verbal fluency test but
only in the less (age, sex, and education) adjusted
model. Compared to the present study, the previous
study population was notably larger and younger. Of
note is also that the previous study reported HOMA-
IR values calculated from blood samples taken in
2000, and in the present study from those taken in
2001-2002, which could also explain the slight dif-
ferences in the results. In another previous study
of ours—that was performed with the same study
population as the present study—we showed that
a 2-h glucose value in the oral glucose tolerance
test predicts a decline in word-list recall after 10
years [26]. HOMA-IR seems to associate with weaker
performance in verbal fluency [14], which can be
regarded as a measurement of executive and lan-

guage functions [41], whereas lower early insulin
response (reflecting beta-cell dysfunction) and 2-h
glucose (reflecting consequent hyperglycemia) [26]
seem to associate with episodic memory decline.
Brain vascular changes have previously been linked
to an increased risk of future cognitive decline
particularly in the domains of executive functions
and processing speed [42, 43] while in Alzheimer’s
disease, episodic memory is typically affected
early.

Our study population was on average 56 years at
baseline, and 65 years at follow-up. Midlife seems
to be an essential period in developing cognitive
problems in the future; midlife but not late-life vas-
cular and metabolic risk factors have been shown
to increase the risk of cognitive decline [44]. Our
findings strengthen the previous studies suggest-
ing an association between midlife metabolic risk
factors and late-life cognitive decline. The exact
mechanisms that link midlife risk factors to late-life
cognitive decline and dementia are not clear, but it is
well-established that the development of Alzheimer’s
disease pathology is gradual, and amyloid-�, the
early neuropathological hallmark that can be detected
in Alzheimer’s disease, accumulates years before
the onset of the symptoms [45]. A previous neu-
ropathological study showed that fasting insulin and
HOMA-IR, as well as 2-h post-load glucose in the
oral glucose tolerance test, all measured on average
12.5 years before death, increased the risk for amyloid
accumulation [46]. However, another study found
no significant association between HOMA-IR, dia-
betes, or lifetime glucose intolerance (evaluated by
oral glucose tolerance test) and neither postmortem
Alzheimer’s disease pathology nor brain amyloid
accumulation detected by PET [47].

An oral glucose tolerance test is widely used
to diagnose IGT and diabetes, but single glucose
or insulin measures of the oral glucose tolerance
test alone do not directly provide a measure of
insulin sensitivity [48]. Elevated glucose levels in
the oral glucose tolerance test reflect postprandial
hyperglycemia. However, 2-h post-load glucose does
not distinguish between the underlying pathophysio-
logic disturbances: insulin resistance and impaired
beta-cell function of the pancreas [48–50]. Both
insulin resistance and impaired insulin secretion pre-
dict worsening glucose tolerance and type 2 diabetes
[22, 51, 52]. Hyperinsulinemia is closely related
to insulin resistance, while early insulin response
can be considered an indicator of beta-cell func-
tion. Insulin resistance and hyperinsulinemia have
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previously been linked to an increased risk for cog-
nitive decline and Alzheimer’s disease [14, 16, 18,
39]. In the present study, we found that a lower
early insulin response predicts worse performance in
episodic memory 10 years later, which is in concor-
dance with the previous study which showed that low
early insulin response is associated with increased
risk for Alzheimer’s disease [24]. Thus, it seems
that decreased early insulin secretion—along with
insulin resistance [14, 16]—is associated with cogni-
tive decline and possibly also with the development
of Alzheimer’s disease.

There are several potential mechanisms that link
low early insulin response, hyperinsulinemia, insulin
resistance, and IGT to cognitive decline, demen-
tia in general (including vascular dementia), and
to Alzheimer’s disease. It has been suggested that
the associations found between hyperglycemia and
cognitive decline in people with diabetes could
be explained simply by the increased risk for
microvascular and macrovascular disease mediated
by hyperglycemia [12]. Emerging evidence shows
that insulin influences the brain in numerous ways
and that insulin is crucial for brain health [53, 54].
Chronic peripheral hyperinsulinemia seems to down-
regulate insulin receptors in the blood-brain barrier
resulting in a decreased amount of insulin transported
into the brain [53]. Alzheimer’s disease seems to be
associated with cerebral insulin resistance [54]. In
the brain, insulin resistance impairs synaptic integrity
[53]. In addition, insulin and amyloid-� share a
common degrading enzyme, the insulin degrading
enzyme. When this enzyme is downregulated in mice
with insulin resistance and lower brain insulin lev-
els, brain amyloid accumulation is increased [54].
The evidence showing that peripheral and brain
insulin resistance might contribute to the develop-
ment of Alzheimer’s disease has provided new targets
to develop novel therapies for Alzheimer’s disease.
Intranasal insulin, metformin, and GLP-1 receptor
agonists, especially liraglutide, have been studied
as potential drugs [53]. A small, but randomized,
controlled study, suggested that liraglutide might
slow down memory function decline in individu-
als with diabetes [55]. Another study demonstrated
that patients with diabetes and Alzheimer’s dis-
ease -related cognitive impairment, who were treated
with dipeptidyl peptidase-4 inhibitors, had a lower
global amyloid burden than patients with diabetes
and Alzheimer’s disease-related cognitive impair-
ment without treatment with dipeptidyl peptidase-4
inhibitors [56]. Additionally, patients with dipeptidyl

peptidase-4 inhibitors showed slower longitudinal
cognitive decline [56].

Our study has some limitations. First, brain imag-
ing with different modalities (including assessment
of atrophy and vascular changes and amyloid-
� imaging) could have been beneficial in order
to evaluate the mechanisms mediating cognitive
decline. However, brain imaging was not included
in this health examination survey. Second, compre-
hensive neuropsychological testing could have been
more sensitive in detecting subtle cognitive decline
than the tests that were used (parts of CERAD).
The strengths of this study in summary are: a
large, population-based study population, measuring
insulin and glucose values at different time points of
the oral glucose tolerance test and thus enabling the
calculation of early insulin response, the long follow-
up time, performing cognitive tests both at baseline
and at follow-up, and the possibility to adjust the anal-
yses for previously reported risk factors of cognitive
decline.

Here, we show that a lower early insulin response
in an oral glucose tolerance test predicts a decline
in episodic memory after a 10-year follow-up in a
middle-aged sample including both men and women.
Our results suggest that insulin secretion is associated
with cognitive decline and that therapies targeted not
only at insulin resistance but at impaired early insulin
secretion as well might be useful to prevent cognitive
decline.

ACKNOWLEDGMENTS

We sincerely thank all the study participants for
their contribution. MSc Eliisa Löyttyniemi (Depart-
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[38] Rönnemaa E, Zethelius B, Sundelöf J, Sundström J,
Degerman-Gunnarsson M, Berne C, Lannfelt L, Kilander
L (2008) Impaired insulin secretion increases the risk of
Alzheimer disease. Neurology 71, 1065-1071.

[39] Young SE, Mainous AG, Carnemolla M (2006) Hyperin-
sulinemia and cognitive decline in a middle-aged cohort.
Diabetes Care 29, 2688-2693.

[40] Luchsinger JA, Tang MX, Shea S, Mayeux R (2004) Hyper-
insulinemia and risk of Alzheimer disease. Neurology 63,
1187-1192.

[41] Shao Z, Janse E, Visser K, Meyer AS (2014) What do verbal
fluency tasks measure? Predictors of verbal fluency perfor-
mance in older adults. Front Psychol 5, 772.

[42] Debette S, Markus HS (2010) The clinical importance of
white matter hyperintensities on brain magnetic resonance
imaging: Systematic review and meta-analysis. BMJ 341,
c3666.

[43] Carey CL, Kramer JH, Josephson SA, Mungas D, Reed BR,
Schuff N, Weiner MW, Chui HC (2008) Subcortical lacunes
are associated with executive dysfunction in cognitively
normal elderly. Stroke 39, 397-402.

[44] Winblad B, Amouyel P, Andrieu S, Ballard C, Brayne C,
Brodaty H, Cedazo-Minguez A, Dubois B, Edvardsson D,
Feldman H, Fratiglioni L, Frisoni GB, Gauthier S, Georges
J, Graff C, Iqbal K, Jessen F, Johansson G, Jönsson L,
Kivipelto M, Knapp M, Mangialasche F, Melis R, Nordberg
A, Rikkert MO, Qiu C, Sakmar TP, Scheltens P, Schnei-
der LS, Sperling R, Tjernberg LO, Waldemar G, Wimo
A, Zetterberg H (2016) Defeating Alzheimer’s disease and
other dementias: A priority for European science and soci-
ety. Lancet Neurol 15, 455-532.

[45] Jack CR, Knopman DS, Jagust WJ, Shaw LM, Aisen PS,
Weiner MW, Petersen RC, Trojanowski JQ (2010) Hypo-
thetical model of dynamic biomarkers of the Alzheimer’s
pathological cascade. Lancet Neurol 9, 119-128.

[46] Matsuzaki T, Sasaki K, Tanizaki Y, Hata J, Fujimi K, Matsui
Y, Sekita A, Suzuki SO, Kanba S, Kiyohara Y, Iwaki T
(2010) Insulin resistance is associated with the pathology
of Alzheimer disease: The Hisayama study. Neurology 75,
764-770.

[47] Thambisetty M, Metter EJ, Yang A, Dolan H, Marano C,
Zonderman AB, Troncoso JC, Zhou Y, Wong DF, Fer-
rucci L, Egan J, Resnick SM, O’Brien RJ (2013) Glucose
intolerance, insulin resistance, and pathological features of
Alzheimer disease in the Baltimore longitudinal study of
aging. JAMA Neurol 70, 1167-1172.

[48] Matsuda M, DeFronzo RA (1999) Insulin sensitivity indices
obtained from oral glucose tolerance testing: Comparison
with the euglycemic insulin clamp. Diabetes Care 22, 1462-
1470.

[49] Kim SH, Reaven GM (2008) Isolated impaired fasting
glucose and peripheral insulin sensitivity: Not a simple rela-
tionship. Diabetes Care 31, 347-352.

[50] Abdul-Ghani MA, Jenkinson CP, Richardson DK, Tri-
pathy D, DeFronzo RA (2006) Insulin secretion and
action in subjects with impaired fasting glucose and
impaired glucose tolerance: Results from the veterans
administration genetic epidemiology study. Diabetes 55,
1430-1435.

http://www.julkari.fi/handle/10024/78534
https://urn.fi/URN:ISBN:978-952-302-669-8
http://www.julkari.fi/handle/10024/78185


360 S. Toppala et al. / Early Insulin Response and Cognitive Decline

[51] Zethelius B, Hales CN, Lithell HO, Berne C (2004) Insulin
resistance, impaired early insulin response, and insulin
propeptides as predictors of the development of type 2
diabetes: A population-based, 7-year follow-up study in
70-year-old men. Diabetes Care 27, 1433-1438.

[52] Tabák AG, Jokela M, Akbaraly TN, Brunner EJ, Kivimäki
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