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Background. Although evidence indicates that Type II Diabetes is related to abnormal brain aging, the influence of
elevated blood glucose on long-term cognitive change is unclear. In addition, the relationship between diet-based glyce-
mic load and cognitive aging has not been extensively studied. The focus of this study was to investigate the influence of
diet-based glycemic load and blood glucose on cognitive aging in older adults followed for up to 16 years.

Methods. Eight-hundred and thirty-eight cognitively healthy adults aged >50 years (M = 63.1, SD = 8.3) from the
Swedish Adoption/Twin Study of Aging were studied. Mixed effects growth models were utilized to assess overall per-
formance and change in general cognitive functioning, perceptual speed, memory, verbal ability, and spatial ability as a
function of baseline blood glucose and diet-based glycemic load.

Results. High blood glucose was related to poorer overall performance on perceptual speed as well as greater rates
of decline in general cognitive ability, perceptual speed, verbal ability, and spatial ability. Diet-based glycemic load was
related to poorer overall performance in perceptual speed and spatial ability.

Conclusion. Diet-based glycemic load and, in particular, elevated blood glucose appear important for cognitive per-
formance/cognitive aging. Blood glucose control (perhaps through low glycemic load diets) may be an important target
in the detection and prevention of age-related cognitive decline.
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YPE II Diabetes Mellitus (T2DM) is a major contributor

to morbidity and mortality worldwide and has become
increasingly prevalent in the aging population, affecting
up to 26% of those aged 265 years (1). Type 1I Diabetes
Mellitus is also related to brain atrophy (2), cognitive
decline (3,4), and increased risk of dementia (5). Although
evidence indicates that T2DM is related to abnormal brain
aging, there has been little focus on the specific influence
of high blood glucose on long-term cognitive change. Diets
rich in refined/simple carbohydrates may lead to high blood
glucose (6), and have been associated with poorer memory
(7,8) and reaction time (9). However, the influence of diet-
based glycemic load on long-term cognitive change is less
clear. Therefore, we investigated the hypothesis that high
fasting blood glucose and diet-based glycemic load would
be related to poorer cognitive performance and greater cog-
nitive decline among cognitively healthy older adults.

METHODS

Study Sample and Testing Procedure

Data collection procedures for the Swedish Adoption
Twin Study of Aging (SATSA) have been detailed earlier
(10). In brief, SATSA is a sample consisting of a subset
of twins from the population-based Swedish Twin Registry
(11). Questionnaire respondents aged >50 years (n = 2,018)
were invited to participate in a series of in-person testing
sessions (IPTs) consisting of a battery of cognitive tests and
health assessments. Trained research nurses collected data
during a 4-hour interview which included suitable breaks to
minimize participant fatigue. After the first testing session
(IPT1), the second (IPT2), and third (IPT3) testing sessions
occurred at 3-year intervals. The next wave of testing (called
IPT5) started 7 years later, because no in-person testing took
place during the fourth wave (12). The sixth wave (IPT6)
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was initiated after another 3 years. Individuals could enter
the study during any of the first four testing sessions. Over
the study period, a total of 859 participants were enrolled in
at least one wave. Of these, 840 had cognitive data and were
absent of dementia at study entry, and 838 had valid data on
blood glucose levels at their respective baseline cognitive
testing point (see Figure 1). Information from 553 partici-
pants was available from the food frequency questionnaire
which was mailed just prior to IPT1. We restricted our anal-
yses to dementia-free testing occasions (ie, once diagnosed,

2018 Respondents to
initial questionnaire

Number of IPT Number of
Sessions Participants
completed

1 137

2 198

3 181

4 134

5 188

an individual was excluded from further analysis). During
the study period, 78 participants (9.4% of the sample) were
excluded due to dementia diagnosis.

The participants engaged in an average of 3.04 cogni-
tive testing occasions (SD = 1.4) spanning an average of
7.9 years (SD = 6.1 years) with a maximum follow-up of
16 years, and 60% of the sample had cognitive data for at
least three testing occasions. Dementia status was deter-
mined by established clinical diagnostic criteria (13). In
brief, evaluation checklists corresponding to the Diagnostic

Year of IPT

IPT 1 1986

601 total 1988

\4

IPT2 1989

595 total
96 new entries

v

IPT 3 1992
569 total
36 new entries 1994

1991

v

IPT 5

1999

541 total
105 new entries

2001

v

IPT 6

2002

448 total 2004

®

Figure 1. Flow chart of data collection procedures and timeline. Respondents to initial questionnaires were invited to participate in a series of five in-person test-
ing sessions (IPTs), spanning up to 16 years. Participants aged 250 years were permitted to enter the study during the first four testing waves.
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and Statistical Manual of Mental Disorders (DSM; (III-R
or IV) criteria for dementia guided final diagnoses (14,15).
This study is in compliance with the Swedish Act concern-
ing the ethical review of research involving humans, which
includes informed consent of the participants.

Cognitive Assessment

The SATSA includes a comprehensive cognitive assess-
ment (10) (see the Supplementary Appendix). A principal
components analysis using preselected domains (ie, only
verbal measures were used to create the verbal factor, and
so on.) of the IPT1 measures, described earlier in detail
(10,16), was used. In brief, digit symbol and figure identi-
fication loaded into the perceptual speed domain. Forward
and backward digit span, picture memory, and immediate
and delayed recall of names and faces loaded into a memory
domain. Verbal abilities were tapped by information, syno-
nyms, and analogies. Finally, figure logic, block design, and
card rotations loaded together to create a spatial abilities
domain. Reliabilities for these tests range between 0.82 and
0.96 (10).

Main Predictors: Blood Glucose and Diet-Based
Glycemic Load

At study entry, participants were instructed to fast,
and blood glucose was measured in millimoles per liter
(mmol/L) using an enzymatic (glucose-oxidase) method
(KODAK Ektachem). In addition to examining blood glu-
cose as a continuous variable, we also used a dichotomy
based on the American Diabetes Association guidelines
(13), where fasting levels >7.0 mmol/L constituted high
blood glucose. We considered this approach superior to
classification by T2DM status because not all individu-
als with T2DM have high blood glucose, and not all indi-
viduals with high blood glucose have recorded T2DM
diagnoses.

From the diet questionnaire, self-reported consump-
tion of foods indicative of the participants’ glycemic load
(foods high in refined carbohydrates or sugars) was exam-
ined (consumption of white bread, sweetened beverages,
sugar in coffee, ice cream, cake/biscuits, and pastries).
Participants were asked to rate their approximate daily
frequency of consumption of white bread slices, sweet-
ened beverages, and lumps/teaspoons of sugar in coffee.
For ice cream, cake/biscuits, and pastry consumption, par-
ticipants rated their normal consumption during a given
year on a scale of: “>4 times/week,” “1-4 times/week,”
“1-3 times/month,” “less than once/month,” or “never.”
Because these variables were measured with different
scales, a composite variable reflecting diet-based glycemic
load was constructed by: (i) creating z-scores from each
measure to put all items on an equal scale with mean = 0,
SD =1 and (ii) taking the sum of the z-score values.

Covariates

Baseline age, education (elementary school vs high
school or above), gender, waist circumference, and depres-
sive symptoms were entered as covariates in the statistical
models described in what follows because they have been
shown earlier to be associated with cognitive decline (17—
20). Depressive symptoms were assessed using the mental
health subscale from the Older Americans Resources and
Services Depression Scale (21) which includes five yes/
no items (M = 1.84, SD = 1.16), with reliability reported
at .804 (21). We also examined if controlling for baseline
cardiovascular disease (CVD) and T2DM would explain
the results because these have been associated with cog-
nitive decline (22). Cardiovascular disease was defined as
self-reported symptoms of angina pectoris, heart attack,
claudication, high blood pressure, stroke, or any other car-
diovascular dysfunction (eg, thrombosis, tachycardia, circu-
lation problems, heart valve problems, and phlebitis). Both
CVD and T2DM were coded as self-reports of absence ver-
sus presence at baseline.

Statistical Analyses

Mixed effects growth modeling was used to examine the
influence of diet-based glycemic load and blood glucose
on cognitive aging. These models yield fixed effects (ie,
fixed population parameters estimated by the overall per-
formance of the entire sample), slope designating overall
change in performance, and change conditional on a pre-
dictor (ie, time-by-predictor interaction), as well as random
effects. This procedure provides flexibility by enabling the
retention of individuals with missing data points by estimat-
ing their expected trajectories based on all available data
(23). For all models, an unstructured error covariance speci-
fication was employed. Finally, a common twin pair identi-
fier was used along with an individual identifier, thereby
allowing the models to account for both the intraindividual
and within-pair variance.

Individual models were analyzed for general cognitive
ability and each of the four cognitive domains for both blood
glucose and glycemic load levels. Initially, unconditional
models with no predictors were estimated to provide a gen-
eral picture of cognitive change over the period of observa-
tion. However, we were most interested in the fixed effects
for overall cognitive performance, cognitive performance
conditional on the value of the predictor (ie, whether perfor-
mance would be better or worse as a function of diet-based
glycemic load or blood glucose), change in cognitive scores
over time, and change in cognitive scores conditional on the
value of the predictor (ie, whether glycemic load or blood
glucose affects change in cognitive performance over time).
All variables were centered at the mean prior to analyses.

An age-based growth model was used, which allowed
for the implementation of a cohort-sequential design (24).
Here, the results reflect cognitive change, not just for the
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maximum of 16 years of follow-up, but for the entire age
span (in this case, 37 years with ages ranging from 50 to
87 years). Age was divided by 10 so that the estimates reflect
change (in T-score units) per decade. In addition to age, the
models were adjusted for gender, education, waist circum-
ference, and depressive symptoms (Model 2 in Tables 2 and
3). Then, T2DM and CVD were added to the models to see
if they explained the results (Model 3 in Tables 2 and 3).
The models were also adjusted for practice effects, coded
as 0 (baseline only) versus 1 (at least one follow-up) as sug-
gested by previous research with these cognitive data (25).
Significant estimates in the models, as well as differences
in baseline characteristics of the sample (using independent
samples ¢ tests), were taken at the p < .05 level. SAS (SAS
Institute, Cary, NC) version 9.3 was utilized for all statisti-
cal analyses.

RESULTS

Baseline Sample Characteristics

A total of 838 individuals were included in the analyses
(see Table 1). The participants averaged 63.1 years at base-
line (SD = 8.3 years, range 50-87 years). Approximately
60% were female and 75% attained no more than elemen-
tary education. The average waist circumference was 92 cm
(SD = 8cm). In all, 30.9% of the sample reported CVD at
baseline and 3.3% reported T2DM. The mean blood glu-
cose level was 4.8 (SD = 1.8) mmol/L. When examined as

Table 1. Baseline Characteristics of Sample Based on Blood Glucose
and Diet-Based Glycemic Load

Total Cohort Normal Glucose High Glucose

(N =2838) (n=3808) (n=30) p

Age

Mean years (SD) 63.1 (8.3) 63.0 (8.3) 67.0 (8.0) .010
Gender

J%Women 59.6 59.3 66.7 410
Education

% Elementary school 74.5 74.4 76.7 .260

% High school or 25.5 18.1 16.7

above

Waist circumference®

Mean (SD) 92 (8) 91 (8) 93 (7) .340
Blood glucose level”

Mean (SD) 4.82(1.8) 4.5(0.9) 122 (34) <.001
Depressive symptoms?,  1.84 (1.16) 1.83 (1.17) 2.10 (1.12) 269

mean (SD)
% Cardiovascular 30.9 28.8 86.7 <.001

disease®
% Type 1I Diabetes* 33 1.0 66.7 <.001

Notes: SD = standard deviation.

*Waist circumference measured in cm.

"Baseline blood glucose measured in mmol/L; high blood glucose = values
>7.0.

“The Older Americans Resources and Services Depression Scale with five
yes/no items was used.

§ Assessed as absence vs. presence at baseline

a dichotomous variable, blood samples of 30 participants
(3.6% of the sample) were in excess of 7.0 mmol/L, which
constitute clinically high blood glucose (22). Finally, indi-
viduals with high blood glucose were more likely to be
older and have CVD and T2DM.

Diet data were available for 553 of the 838 participants.
The 285 participants without diet information did not differ
from the others with respect to gender (p = .582) or educa-
tion (p = .136), but they were on average younger at base-
line (mean = 59.2, SD = 8.0, vs mean = 65.2, SD =7.8, p
< .01), and had a smaller mean waist circumference (mean
=8lcm, SD =7cm, vs mean = 92cm, SD = 8cm, p < .01).
Diet-based glycemic load and blood glucose were corre-
lated (r= .16, p <.001).

Unconditional Growth Models

Initial unconditional growth models indicated a signifi-
cant decline in terms of general cognitive ability (3 =—3.36,
SE = 0.18, p < .001), perceptual speed (§ = —6.18, SE =
0.02, p < .001), memory (3 = -2.91, SE = 0.23, p < .001),
verbal ability (f = —1.13, SE =0.17, p < .001), and spatial
ability (f = -4.17, SE = 0.18, p < .001). In all five models,
we found significant random effects for the variance in the
intercept and slope (p’s < .05), indicating that overall cog-
nitive scores and change in the score varied significantly
across the participants. There was a significant covariance
of the intercept with the slope for two of the five models—
general cognitive ability and perceptual speed—indicating
that having a higher initial score was associated with greater
decline. This may have been due to a floor effect (ie, lower
initial scores showed smaller slope estimates because there
was no “room” for change). Finally, we found significant
residual variance across all models (p’s < .001), indicating
substantial unexplained variance after accounting for all the
included fixed and random effects.

Conditional Growth Models

Blood glucose (continuous).—Results where blood glu-
cose was entered as a continuous predictor variable are
presented in the top section of Table 2. The predictor (cross-
sectional) estimate shown in Model 2 indicates that there
was a significant relationship between higher blood glucose
and poorer overall perceptual speed performance (3 = —0.82,
SE=0.25, p<.01), meaning that for each additional mmol/L
of blood glucose, perceptual speed scores were lower by
0.82 T-score units. Controlling for CVD and T2DM (Model
3) did not explain this result, as indicated by the fact that
predictor estimates significant in Model 2 remained signifi-
cant in Model 3. There were no significant effects of blood
glucose levels on overall general cognitive ability or any of
the remaining cognitive domains, indicated by nonsignifi-
cant predictor estimates for these outcomes (p’s > .05).
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Table 2. Blood Glucose in Relation to Cognitive Performance and Change per 10 Years of Age (n = 838)
General Ability Speed Memory Verbal Spatial
Est. SE p Est. SE p Est. SE p Est. SE p Est. SE P
Blood glucose (continuous)
Model 1*
Intercept 51.50 035 <001 4959 029 <001 5165 034 <001 5133 033 <00l 5032 032 <001
Change -345 0.18 <001 -625 020 <001 -293 023 <001 -121 0.17 <001 -426 0.19 <.001
Predictor -0.70  0.38 060 -1.02 031 .001  -0.82 035 020 -042 035 220 -0.59 035 .100
Change x predictor  -0.92 023 <001 -0.80 0.26 .002  -030 031 330 -0.64 022 .004 -0.73 025 .004
Model 27
Intercept 51.69 035 <001 5028 035 <001 5150 040 <00l 51.68 0.34 <00l 50.89 037 <.001
Change -2.64 040 <001 -459 043 <001 -1.17 0.52 024 -094 036 009 297 046 <001
Predictor -0.31  0.34 354 -0.82 030 .006 -033 033 326 0.00 0.31 993 -041 033 219
Change x predictor ~ -0.71  0.22 002 -0.65 025 010 -0.15 029 606 -042 021 .048  -051 025 .046
Model 3*
Intercept 5172 035 <001 5028 035 <001 5148 040 <00l 51.68 0.34 <001 50.84 037 <.001
Change -2.56 040 <001 -460 043 <001 -1.13 0.52 040  -092 036 010 -3.04 045 <001
Predictor -0.15 036 670 -0.82 032 010 -026 034 440 -0.03 033 930 =039 035 .260
Change x predictor  -0.64  0.24 010  -0.67 0.26 010  -0.28 0.31 360 -030 022 180  -0.48 026 .070
Blood glucose (dichotomous)
Model 1*
Intercept 5159 036 <001 4971 030 <001 5172 035 <00l 5141 034 <001 5042 033 <001
Change -320 0.18 <001 -6.08 020 <001 -283 023 <001 -1.07 017 <001 -413 020 <.001
Predictor -1.38  2.06 500 249 174 150 -1.08  1.99 590 -1.85  1.90 330 -085  1.92 .660
Change x predictor =572 121 <00l -432 139 002 =320 1.62 050 -2.87 118 020 -3.74  1.38 .007
Model 27
Intercept 51.71 035 <001 5037 035 <001 5147 041 <00l 5167 034 <001 5091 037 <.001
Change -244 040 <001 -443 043 <00l -1.10 052 034  -085 036 019 -284 045 <001
Predictor 093 181 608 -1.64 1.65 323 138 1.87 460 098 1.74 574 0.62 1.79 728
Change x predictor  —4.94  1.13 <001 -348 1.32 009 275 154 075 =219 111 048 -3.02 132 .023
Model 3*
Intercept 51.68 035 <001 5036 035 <001 5142 041 <00l 5165 034 <001 5090 037 <.001
Change -249 040 <001 444 043 <00l -l1.11 052 030 -0.85 036 020 -285 045 <001
Predictor 1.90 1.89 320 -126 1.74 470 2.63 195 .180 1.44 181 430 097 1.88 .610
Change x predictor  —4.71  1.20 <.001 -3.60 1.38 010  -3.62 1.61 200 -1.56  1.15 180  -2.87  1.38 .040

Notes: Est. = estimate or unstandardized regression coefficient; SE = standard error of measurement.

*Unadjusted model.

Results are adjusted for baseline age, gender, education, waist circumference, and depressive symptoms.
“Results are adjusted for baseline age, gender, education, waist circumference, depressive symptoms, cardiovascular disease, and type II diabetes.

With respect to the change x predictor (longitudinal) esti-
mates, higher blood glucose was related to greater rates of
decline in general cognitive ability (f = —-0.71, SE = 0.22,
p < .01), perceptual speed (§ = —0.65, SE = 0.25, p < .05),
verbal abilities (f = —0.42, SE = 0.21, p < .05), and spa-
tial abilities (f = —0.51, SE = 0.25, p < .05). This means
that, for example, each additional mmol/L of blood glucose
was associated with a decline in general cognitive ability of
0.71 T-score units per decade. After the addition of CVD
and T2DM in Model 3, the significant change x predic-
tor estimates reflecting declines in general cognitive abil-
ity and perceptual speed were retained, whereas those for
verbal and spatial performance were explained (reduced to
nonsignificant).

Blood glucose (dichotomous).—Results for normal
versus high blood glucose (above the clinical T2DM
threshold) are presented in the bottom section of Table 2

and in Figure 2A-E. For overall cognitive performance
(predictor estimates), we found no significant relation-
ships between high blood glucose and overall scores on
any cognitive measure (p’s > .05) when controlling for
basic covariates (Model 2). However, high blood glucose
was significantly related to greater rates of decline (as
indicated by significant change x predictor estimates) in
general cognitive ability (f = -4.71, SE = 1.20, p < .001),
indicating almost a half SD greater decline in those with
high compared with normal blood glucose. High blood
glucose was also related to steeper declines in percep-
tual speed (f = —3.60, SE = 1.38, p < .05), verbal abil-
ity (B = -2.19, SE = 1.11, p < .05), and spatial ability
(B =-3.02, SE = 1.32, p < .05). When T2DM and CVD
were also controlled for (Model 3), the results for general
cognitive ability and perceptual speed remained essen-
tially unchanged, but the significant associations between
high blood glucose and decline in verbal and spatial
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Figure 2. Fully adjusted growth models of cognitive aging as a function of normal vs high blood glucose. Compared with normal blood glucose, high blood
glucose was significantly related to greater rates of decline in general cognitive ability (A), perceptual speed (B), as well as verbal (D) and spatial (E) scores. The
differences between normal vs high blood glucose in terms of change in memory scores over time were not statistically significant (C).

performance were reduced to nonsignificant. Finally, we
examined the same associations separately for individuals
with and without T2DM. These analyses yielded no sig-
nificant findings perhaps because of reduced power, or the
possibility that our results only apply to the full spectrum
of blood glucose levels.

Diet-based glycemic load.—Diet-based glycemic load
was significantly related to poorer overall perceptual speed
B = -0.29, SE = 0.13, p < .05) and spatial ability (f =
—-0.29, SE =0.13, p <.05) when controlling for basic covari-
ates in Model 2. These relationships were unaffected when
CVD and T2DM were added (Model 3). No significant

relationships between diet-based glycemic load and rates
of cognitive decline were observed (p’s > .05), except that
the relationship between diet-based glycemic load and less
verbal decline reached significance (§ = 0.15, SE = 0.07,
p <.05) when CVD and T2DM were entered into the model
(Table 3).

Discussion

Previous research indicates that T2DM is related to
declines in verbal fluency (22), attention, executive func-
tioning, memory, information processing speed, and brain
atrophy (26). Type II Diabetes Mellitus also increases the
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Table 3. Diet-Based Glycemic Load in Relation to Cognitive Performance and Change per 10 Years of Age (n =553)
General Ability Speed Memory Verbal Spatial
Est. SE p Est. SE p Est. SE p Est. SE p Est. SE p
Model 1*
Intercept 50.01 0.39 <001 4897 035 <.001 50.28 040 <.001 50.23 040 <.001 49.62 038 <.001
Change =357 021 <.001 —-6.31 0.21 <.001 -2.51 0.27  <.001 -1.28 0.19 <001 -4.11 022  <.001
Predictor -0.53  0.15 .000 -0.50 0.13 .000 -0.42 0.15 004 =031 0.15 040  -036  0.14 .010
Change x predictor ~ -0.01 ~ 0.08 230 -0.04  0.08 .580 0.08  0.10 450 0.02  0.08 760 -0.07  0.08 403
Model 2°
Intercept 50.74 039 <001 4994 041 <.001 50.84 045 <.001 5093 039 <.001 5026 042 <001
Change -2.63 044 <001 —4.41 0.50 <.001 -1.08  0.59 068 -1.04 042 014 -285 053 <001
Predictor -0.24  0.13 064 -029 0.3 023 -0.08 0.14 544 -0.11  0.13 422 =029  0.13 .029
Change x predictor 0.05 0.07 457 0.03  0.08 714 0.18  0.10 078 0.13  0.07 075 0.05  0.08 573
Model 3*
Intercept 50.75 039 <001 49.94 041 <.001 50.85 045 <001 5098 039 <.001 50.18 043 <001
Change -2.69 044 <001 -442 050 <001 -098  0.59 100 -1.01 0.42 020 -293 053 <001
Predictor -0.22  0.13 .09 =028 0.13 030  -0.07 0.14 620  -0.08 0.13 520 =029 0.13 .030
Change x predictor 0.06  0.07 .370 0.03  0.08 740 0.19  0.11 .080 0.15  0.07 .040 0.07  0.08 400

Notes: Est. = estimate or unstandardized regression coefficient; SE = standard error of measurement.

*Unadjusted model.

Results are adjusted for baseline age, gender, education, waist circumference, and depressive symptoms.
“Results are adjusted for baseline age, gender, education, waist circumference, depressive symptoms, cardiovascular disease and type II diabetes.

risk for dementia and cognitive decline (27-29). Our find-
ings expand upon previous research by suggesting that
elevated blood glucose (not just T2DM) exerts a specific
detrimental influence on cognitive decline in dementia-
free older adults. In addition, our study indicates that diet-
based glycemic load is a predictor of poorer cognitive
performance.

Because our results for perceptual speed could not be
fully explained by underlying cardiovascular pathology, we
can speculate that the influence of blood glucose on per-
ceptual speed may exist above and beyond cardiovascular
abnormalities, although more research is needed to confirm
or refute this assumption. Nonetheless, our results indicat-
ing significant associations between high blood glucose and
poorer performance as well as steeper decline in perceptual
speed are particularly salient because changes in speed of
processing may help to explain cognitive aging in general
(30). Our finding that high blood glucose was related to
declines in verbal (questions of general knowledge, which
possibly tap into long-term memory) and spatial abilities
are not completely surprising given that high blood glu-
cose is related to atrophy in the hippocampus (31), a brain
structure important for long-term and spatial memory (32).
Specifically, high blood glucose has been shown to impair
hippocampal synaptic plasticity (eg, reductions in brain-
derived neurotropic factor, long-term potentiation (33,34))
in rats. In older individuals, microvascular disruption may
accompany T2DM and is linked with smaller brain volume,
reduced blood flow, and impaired vasoreactivity, which
regulates optimal blood vessel performance and delivery of
glucose to the brain (35). Somewhat unexpected was the
lack of an association between blood glucose and memory.
In the present study, the memory domain consisted of both

short-term (eg, digit span) and long-term (eg, name & face
recall) memory tests. It is possible that blood glucose affects
short-term and long-term memory differently, although fur-
ther investigation is required to test this assumption.

Relationships among glycemic load, poorer overall per-
ceptual speed, and spatial ability scores are consistent with
previous results showing associations between high dietary
sugar and deficits in processing speed (36) in people, and
dietary sugar-induced spatial memory impairment in rats
(37). We found diet-based glycemic load significantly
related to slower decline in verbal ability. We can speculate
that diet-based glycemic load may reduce stress-induced
cognitive deficits via a “comfort food” effect (38). Further,
socialization, which may increase dessert consumption
(39), may have also contributed to this result. These notions
may deserve consideration in future studies.

The covariates utilized in our models (age, gender, edu-
cation, waist circumference, depressive symptoms, CVD,
and T2DM) exerted little influence on the results with one
exception. Cardiovascular disease reduced the association
between higher blood glucose and greater decline in verbal
and spatial abilities to nonsignificant, indicating that only
cardiovascular risk factors may offer a potential underly-
ing mechanism. One possibility is that high blood glucose
affects cardiovascular factors via inflammation, leading to
impaired synaptic plasticity (40).

We found no evidence of glycemic load-related cognitive
change with age. One possibility is that testing may have
begun at a point after some cognitive decline had already
occurred (mean baseline age was 63.1 years). The food fre-
quency questionnaire, based on standard methods used in
Sweden at that time, was not validated and did not measure
all foods indicative of glycemic load (eg, candy, chocolate,
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and white rice). Further, the actual amount (grams/ounces)
consumed was not available. Therefore, our use of the
term “glycemic load” does not adhere fully to convention.
The lack of detail in the diet data collection stems partly
from the fact that baseline data were collected in the mid
1980s before more detailed measures were widely avail-
able. However, this also offered the advantage of a uniquely
long follow-up period. In addition, because diet and blood
glucose were only assessed at a single time point, poten-
tial changes over time could not be captured. However, our
main goal was to assess cognitive change subsequent to
baseline assessment, thereby shedding light on possible risk
factors for poor age-related cognitive change.

Metabolic factors related to blood glucose that we did
not have access to (eg, insulin, inflammatory markers, and
HbAlc), should be investigated in the future. Other limita-
tions include our inability to adjust for potentially impor-
tant confounders such as alcohol and smoking status due
to extensive missing data, and our measure of depressive
symptoms was relatively crude. We were also unable to
effectively consider adherence to fasting due to miss-
ing information for a substantial portion of the sample.
However, a systematic bias is unlikely in this cognitively
healthy sample, and the participants were specifically
instructed to fast prior to the testing session.

In conclusion, this study provides a unique and novel
look at midlife risk factors for metabolic dysfunction,
which may underlie accelerated cognitive aging. Blood
glucose control (perhaps through reductions in diet-based
glycemic load) may be an important target in the prevention
of age-related cognitive decline.

SUPPLEMENTARY MATERIAL
Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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