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Insulin-like growth factor-1 and risk of

Alzheimer dementia and brain atrophy

ABSTRACT

Objective: To relate serum insulin-like growth factor-1 (IGF-1) to risk of Alzheimer disease (AD) demen-
tia and to brain volumes in a dementia-free community sample spanning middle and older ages.

Methods: Dementia-free Framingham participants from generation 1 (n = 789, age 79 * 4 years,
64% women) and generation 2 (n = 2,793, age 61 + 9 years, 55% women; total = 3,582, age 65 +
11 years, 57% women) had serum IGF-1 measured in 1990-1994 and 1998-2001, respectively,
and were followed prospectively for incident dementia and AD dementia. Brain MRI was obtained in
stroke- and dementia-free survivors of both generations 1 (n = 186) and 2 (n = 1,867) during 1999-
2005. Baseline IGF-1 was related to risk of incident dementia using Cox models and to total brain and
hippocampal volumes using linear regression in multivariable models adjusted for age, sex, APOE &4,
plasma homocysteine, waist-hip ratio, and physical activity.

Results: Mean IGF-1 levels were 144 + 60 pg/L in generation 1 and 114 + 37 ug/L in generation 2.
We observed 279 cases of incident dementia (230 AD dementia) over a mean follow-up of 7.4 + 3.1
years. Persons with IGF-1 in the lowest quartile had a 51 % greater risk of AD dementia (hazard ratio =
1.51, 95% confidence interval: 1.14-2.00; p = 0.004). Among persons without dementia, higher
IGF-1 levels were associated with greater total brain volumes (8/SD increment in IGF-1 was 0.55 +
0.24,p = 0.025; and 0.26 + 0.06, p < 0.001, for generations 1 and 2, respectively).

Conclusion: Lower serum levels of IGF-1 are associated with an increased risk of developing AD
dementia and higher levels with greater brain volumes even among middle-aged community-
dwelling participants free of stroke and dementia. Higher levels of IGF-1 may protect against
subclinical and clinical neurodegeneration. Neurology® 2014;82:1613-1619

GLOSSARY

AD = Alzheimer disease; CRP = C-reactive protein; CV = coefficient of variation; DSM-IV = Diagnostic and Statistical Manual of
Mental Disorders, 4th edition; HOMA-IR = homeostasis model of assessment of insulin resistance; HPV = hippocampal volume;
IGF-1 = insulin-like growth factor-1; IR = insulin resistance; TCBV = total cerebral brain volume; WHR = waist-hip ratio.

Emerging risk factors for dementia include diabetes and its antecedents such as insulin resistance (IR),
obesity, physical inactivity, and high caloric intake."” The development of IR and diabetes is preceded
by changes in levels of insulin-like growth factor-1 (IGF-1).> IGF-1 is a hormone induced by physical
activity and low caloric intake. This hormone promotes cell survival, prevents apoptosis, and stim-
ulates neurogenesis in the hippocampus—an area affected early in Alzheimer disease (AD).* IGF-1
also appears to inhibit abnormal tau phosphorylation and (3-amyloid deposition in cell cultures and in
transgenic mouse models of AD.> Wild-type mice with low IGF-1, as well as IGF-1—deficient mice,
show reduced adult hippocampal neurogenesis and impaired spatial learning.® In clinical studies, lower
IGF-1 levels were associated with greater brain 3-amyloid burden within families that have an
amyloid precursor protein mutation, and lower IGF-1 levels were also associated with poorer baseline
cognition and accelerated cognitive decline in community-based samples of disease-free adults.”~"°

In this study, we examined whether lower circulating IGF-1 levels were associated with a higher
risk of incident AD dementia and with lower brain volume in the Framingham cohort.
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METHODS Sample. Participants were recruited from 2 genera-
tions in the Framingham community. Recruitment and characteri-
zation of the Framingham Study original cohort (generation 1)
have been described in prior publications.'" A total of 5,209 partici-
pants were enrolled, and these participants were assessed in the Heart
Study research clinic once every 2 years, where a detailed medical
history was obtained and all traditional cardiovascular risk factors
were measured. In 1971, offspring of persons in the original cohort
and the spouses of these offspring were enrolled in the offspring
cohort (generation 2) and assessed once every 4 years as described
elsewhere.'? IGF-1 levels were measured in 789 participants from
generation 1 (mean age 79 * 4 years, 64% women) of a total of
1,005 persons free of dementia who attended the 22nd examination
cycle (1990-1994); the remaining persons, most assessed at home
visits, did not have sufficient serum drawn to permit IGF-1 assay.
IGF-1 levels were also measured in 2,793 participants from
generation 2 (mean age 61 £ 9 years, 55% women) of a total of
3,257 persons who attended examination 7 (1998-2001) and were
free of dementia.

A total of 219 individuals in generation 1 (of 623 survivors undil
1999) and 1,931 participants of generation 2 with available measures
of IGF-1 underwent volumetric brain MRI between 1999 and 2005.
Those who did not undergo brain MRI declined consent, lived out-
side the testing area, had a contraindication to brain MRI (such as
claustrophobia or a cardiac pacemaker), or died before MRI could
be obtained. In addition, we excluded 33 generation 1 and 64 gene-
ration 2 participants who had clinical dementia, stroke, or both, as well
as other conditions that could affect brain MRI measurements such as
a brain tumor. The final MRI sample comprises 186 generation
1 (mean age 77 = 3 years, 61% women) and 1,867 generation 2
(mean age 61 * 9 years, 55% women) participants.

Standard protocol approvals, registrations, and patient
consents. The study protocol was approved by the Institutional
Review Board at Boston University Medical Center, and all par-

ticipants gave written informed consent.

IGF-1 assays. At the baseline examination, each participant had 3
mL of serum drawn. This was obtained in the early afternoon in a
supine nonfasting state for generation 1, and in the morning in a
supine fasting state for generation 2. Samples were centrifuged and ali-
quoted immediately for storage at —80°C. The assays in each gene-
ration were run in different laboratories because they were funded from
different sources. In generation 2, serum IGF-1 was measured by
standard immunoassay (R&D Systems Quantikine Human IGF-I
DG100, SG100, and PDG100 [R&D Systems, Minneapolis, MNJ;
ELISA method [assays done by X.H., supervised by T.C.C., laboratory
of L.E.B.]) with a lower detection limit of 9.4 ng/mL. The intraassay
coefficient of variation (CV) was <4%. The interassay CV was 4.5%.
Generation 1 IGF-1 assays were completed at Endocrine Sciences, Inc.
(Calabasas Hills, CA) by radioimmunoassay after acid ethanol
extraction (laboratory of RR.); the intraassay CV was <4%. IGF-

binding proteins have not been measured in either generation.

Covariates. IR was estimated using a standardized measure of insulin
sensitivity: the homeostasis model assessment of IR (HOMA-IR). The
HOMA-IR (mmol/L X pU/mL) formula is defined as fasting insulin
(wU/mL) times fasting glucose (mmol/L)/22.5. C-reactive protein
(CRP) was assayed with a nephelometer (BN100; Dade Behring,
Deerfield, IL). The mean interassay CV was 2.2%. The physical
activity index was calculated as a composite score based on
information collected from a structured questionnaire.”® Plasma total
homocysteine levels were determined by the use of high-performance
liquid chromatography with fluorometric detection. The CV of this
assay was 9%. HOMA-IR, CRP, physical activity index, and total

homocysteine were only measured for the baseline examination in
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generation 2 and were included as continuous measures. The
presence or absence of APOE €4 alleles was determined by means of
isoelectric focusing of the plasma and confirmed by DNA genotyping.
Central obesity was measured by waist-hip rato (WHR) and
dichotomized as being in the highest sex-specific quartile
(Q4 WHR) or not. Adjustment for the use of antidepressants

was dichotomized as yes/no.

Clinical definition of AD dementia. Participants in the Framing-
ham cohorts undergo periodic surveillance and screening for impaired
cognitive function and dementia. These methods have been described
carlier."*"* Persons thought to have possible cognitive decline by objec-
tive means or self-, caregiver-, or physician-report were given a detailed
evaluation. A consensus review panel including at least one behavioral
neurologist and one neuropsychologist determined the probable date
of diagnosis and type of dementia. Dementia was defined using
DSM-IV criteria.'® The National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association criteria were used to classify

participants as having definite, probable, or possible AD dementia.”®

Brain imaging. The imaging measures, measurement protocols,
and reproducibility of these measurements have been described else-
where."* MRIs were obtained with a Siemens Magnetom 1- or 1.5-
tesla field strength machine (Siemens AG, Erlangen, Germany)
using a double spin-echo coronal imaging sequence of 4-mm
contiguous slices from nasion to occiput. Imaging analyses were
performed at a central location (C.D.) using a custom-designed
image-analysis package, QUANTA 6.2, operating on a Sun
Microsystems Ultra 5 workstation (Sun Microsystems, Santa Clara,
CA). Experienced clinicians evaluating the brain images were blinded
to the participants’ demographic, anthropometric, and clinical data
including IGF-1 concentrations. Total cerebral brain volume
(TCBV) was defined as the ratio of total brain parenchymal volume
above the tentorium to total intracranial volume, which therefore
adjusted for head size. Hippocampal volume (HPV) was defined
using operator-defined, manually traced boundaries. Inter- and

intrarater reliability using this method was very good with a k of 0.96.

Statistical analyses. Baseline characteristics of participants excluded
from and included in the study were compared using age-adjusted
linear or logistic regression models. Skewed variables were log-
transformed as necessary before analysis. IGF-1 levels were first
natural logarithmically transformed and then standardized within
cach cohort/generation and sex (mean [SD], 0 [1]). Because there
did not appear to be effect modification by cohort status, we
conducted further analyses on a pooled sample. Cox regression
models were used to relate baseline sex-standardized log-IGF-1
levels to the incidence of dementa and AD dementia after
confirming that the assumption of proportionality of hazards was
met. Age was used as the time scale, because the risk of dementia is
more likely to change as a function of age than time. In the analysis
relating IGF-1 levels to incident dementa, results from both
generations were pooled. Initial analyses were adjusted for age and
sex alone (model 1). Model 2 additionally adjusted for the presence
or absence of an APOE €4 allele, a major risk factor for dementia and
AD dementia.

In the analysis relating IGF-1 levels to brain volumes, the 2 gene-
rations were analyzed separately, given that the mean time interval
from baseline IGF-1 measurement to imaging was 0.8 years in gene-
ration 2 and 7.7 years in generation 1. Multivariable linear regression
was used to relate baseline sex-standardized log-IGF-1 levels to TCBV
and HPV. Models 1 and 2 were adjusted for covariates as in the Cox
models, with the addition of time to imaging, and in model 3 an
additional adjustment for WHR (top sex-specific quartile) was made.
In generation 2, model 4 additionally included plasma homocysteine,



physical activity index, CRP, and HOMA-IR, the latter having been
recently shown to correlate with brain volume.” We found no effect

modification by sex and therefore all analyses were sex-pooled.

RESULTS Demographic and clinical characteris-
tics of participants in the generation 1 and 2 co-
horts, and of the subset who underwent MRI, are
displayed in table 1. Study participants did not dif-
fer from persons not enrolled in the study except for
being younger (table e-1 on the Neurology® Web site at
Neurology.org). Table 2 shows the number of persons
who developed incident dementia and AD dementia and
the mean values of total brain and HPV measurements
in both generations. Sex-specific and cohort-specific
quartiles of serum IGF-1 can be found in table e-2.

Association of IGF-1 with incident all-cause dementia and
AD dementia. Analysis of pooled data from both gene-
rations revealed 279 participants who developed
incident dementia; 230 of them were diagnosed with
AD dementia. Lower IGF-1 levels showed a trend
toward an increased risk of incident all-cause dementia
and a definite association with an increased risk of
incident AD dementia after adjustment for age, sex,
and APOE €4 (table 3). IGF-1 showed a stronger

association with AD dementia than all-cause

dementia. The association was nonlinear, and in
threshold models, we found a higher risk of AD
dementia among persons in the lowest sex-specific
quartile than in the upper 3 (table 3; see the figure
and table e-2 for IGF-1 quartiles). Adjustment for top
quartile WHR (Q4 WHR) did not alter the results nor
did the use of antidepressants in generation 1 (data not
shown). There was no effect modification by sex.

Association of IGF-1 with MRI measures of brain aging.
Higher IGF-1 levels were associated with greater
TCBV in both the older and middle-aged
participants (table 4). However, we did not observe
an association with HPV in either population. Our
data suggest a linear relationship with higher IGF-1
levels associated with larger TCBV (B/SD increment
in IGF-1 was 0.55 * 0.24, p = 0.025; and 0.26 *
0.06, p < 0.001, for generations 1 and 2,
respectively) when adjustments were made for age,
sex, and time to imaging. Further adjustments did
not strengthen or weaken the association in either
generation (table 4, models 2—4 including, where
available, adjustments for APOE &4, Q4 WHR,
physical activity index, homocysteine, CRP, and
HOMA-IR).

[ Table 1 Baseline characteristics of dementia study samples across the 2 cohorts

First generation

Second generation

Characteristics All (n = 789) Q1 (nh =197) Q2-4 (n = 592) All (n = 2,793) Q1 (n = 699) Q2-4 (n = 2,094)
Age, y 79 = 4 80 =5 78 = 4 61 +9 64 +9 61 =9
Women, % 64 63 64 55 55 55
APOE =4+ genotype, % 20 19 20 22 25 21
WHR 0.93 + 0.09 0.92 + 0.09 0.93 + 0.09 0.95 + 0.08 0.96 + 0.08 0.94 + 0.08
tHey 8(3-92) 8 (3-84) 8(3-92)
PAI 37 (25-74) 36 (26-69) 37 (25-74)
CRP 2.2 (0.2-99.8) 3.3 (0.2-88.0) 1.9 (0.2-99.8)
HOMA-IR 3.3 (0.2-77.6) 3.6 (0.2-67.3) 3.3(0.3-77.6)
Participants specifically undergoing MRI in the 2 cohorts

First generation Second generation
Characteristics All (n = 186) Q1 (n = 35) Q2-4 (n = 151) All (n = 1,867) Q1 (n = 462) Q2-4 (n = 1,405)
Age, y 77 =3 78 £ 4 77 =3 61 +9 63 =9 60 = 9
Women, % 61 69 59 55 54 55
APOE =4+ genotype, % 19 11 21 23 24 22
WHR 0.92 + 0.09 0.93 = 0.10 0.92 + 0.09 0.94 + 0.08 0.95 + 0.08 0.94 = 0.08
tHey 8 (3-65) 8 (3-84) 8(3-32)
PAI 37 (25-74) 36 (26-69) 37 (25-74)
CRP 2.0 (0.2-99.8) 3.3(0.2-53.2) 1.8 (0.2-99.8)
HOMA-IR 3.2 (0.2-77.6) 3.6 (0.2-57.3) 3.2(0.3-77.6)

Abbreviations: CRP = C-reactive protein; HOMA-IR = homeostasis model assessment of insulin resistance; PAl = physical activity index; Q1 = lowest 25%
of the dataset; Q2-4 = the top 75% of the dataset; tHcy = total plasma homocysteine; WHR = waist-hip ratio.
Data are mean = SD or median (range), unless otherwise indicated.
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Table 2

Number of cases of incident and AD dementia across the 2 cohorts as

well as the number of participants undergoing MRI and respective
measurements of precursors to subclinical AD dementia

Dementia
No.
Incident dementia cases
Incident AD dementia cases
Years of follow-up

MRI
No.

Hippocampal volume, mL

Total cerebral brain volume, mL

Time to MRI, y

First generation Second generation

789 2,793

206 73

173 57

8.8 + 4.8 (0-19) 7.0 = 2.3 (0-13)
186 1,867

0.29 = 0.05 0.34 = 0.06

73 =3 79 =3

7.7 + 0.9 0.8 + 0.9

Abbreviation: AD = Alzheimer disease.

Hippocampal volume was defined by operator-defined, manually traced boundaries. Inter-
and intrarater reliability coefficient was 0.96. Total cerebral brain volume was defined as
the ratio of total brain parenchymal volume (based on manual outlining of the intracranial
vault above the tentorium) to total intracranial volume.

Data are count or mean + SD (range).
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DISCUSSION We found that lower serum IGF-1 levels
increased the risk of incident AD dementia in older
and middle-aged participants. In addition, even
among cognitively intact participants, those persons
with higher serum IGF-1 levels had greater total brain
volumes, as evidenced by MRI. The associations
remained significant even after adjustment for several
other known risk factors affecting IGF-1 levels and risk
of incident AD dementia.

Data relating IGF-1 and cognition have been limited
and conflicting, and there have been no prior prospective
studies relating serum IGF-1 to the clinical endpoints of

incident dementia and AD dementia. Lower serum levels
of IGF-1 have been correlated with worse performance
on the Mini-Mental State Examination in persons 65
years and older as well as with decline in Mini-Mental
State Examination scores over a 2-year follow-up
period."®" In addition, a further study of 636 men
and 899 women showed that higher IGF-1 was associ-
ated with better cognitive function, although only in
men with dementia in this cohort.” A study of 75 persons
with hypertension also noted an association of lower
IGF-1 with poorer performance on tests of orientation,
memory, praxis, and frontal functions.'® By contrast, in a
large healthy population of 1,318 persons aged 65 to 88
years, only information processing speed was lower
among persons within the lowest quintile of IGF-1.%
Our study supports the literature showing that lower
IGF-1 levels are associated with a greater risk of AD
dementia, and is larger than prior studies (n = 3,582,
age = 52-83 years) with a longer follow-up period;
furthermore, we used a “hard” endpoint of clinical
dementia rather than cognitive testing alone. In an appar-
ently contradictory observation, some small studies have
noted an increase in serum IGF-1 levels among persons
with AD dementia, compared with controls."”*' Hippo-
campal slices from AD brains have been shown to be less
responsive to insulin and IGF-1 than slices from control
brains.”? Our study had a very small number of persons
with prevalent AD dementia at the time that IGF-1 was
measured and hence is not sufficiently powered to exam-
ine variation in levels among persons with prevalent AD
dementia compared with controls. This discrepancy of
lower IGF-1 in persons at risk and higher levels in per-
sons with AD dementia could be attributable to a com-

pensatory release of IGF-1 in response to the

Table 3 Association of sex-standardized mean (range) log serum IGF-1 with incident and AD dementia in the
pooled generations across quartiles
All-cause dementia (279/3,582) AD (230/3,582)
HR (95% CI) p Value HR (95% CI) p Value
Model 1
Per SD 0.88 (0.78-1.00) 0.050 0.89 (0.78-1.02) 0.097
Q1 1.43 (1.02-1.98) 0.036 1.37 (0.96-1.96) 0.080
Q2 1.00 (0.70-1.44) 0.992 0.95 (0.64-1.40) 0.777
Q3 1.05 (0.74-1.49) 0.799 0.87 (0.59-1.29) 0.497
Q4 1.00 Ref 1.00 Ref
Q1/Q2-4 1.40 (1.09-1.80) 0.009 1.47(1.11-1.93) 0.006
Model 2
Per SD 0.88 (0.77-1.00) 0.045 0.89 (0.78-1.03) 0.116
Q1/Q2-4 1.44 (1.11-1.86) 0.006 1.51 (1.14-2.00) 0.004

Abbreviations: AD = Alzheimer disease; Cl = confidence interval; HR = hazard ratio; IGF-1 = insulin-like growth factor-1;

Q = quartile; Ref = reference.

Model 1 is adjusted for age and sex. Model 2 is adjusted for age, sex, and APOE £4. Cox regression models were used to relate
baseline sex-standardized log-IGF-1 levels to the incidence of dementia and AD dementia. Age was used as the time scale.

Neurology 82 May 6, 2014
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neurodegeneration that develops in the later stages of AD
or from an acquired IGF-1 resistance secondary to alter-
ations in the IGF-1 signaling pathway.?"*

To our knowledge, there have been no prior studies
relating IGF-1 to total brain volumes on MRI in healthy
persons. One study analyzed brain volume by MRI in

exogenously treated patients with human growth hor-
mone deficiency.* Administration of human growth
hormone in this group led to an elevation in serum
IGF-1, and initial reports after 3 months showed an
increase in brain volume, as scored by 2 experienced
neuroradiologists. However reevaluation with a control
comparison group did not support this initial report.”
This may have been attributable to several factors, inclu-
ding duration of treatment and time to MRL

Our study did not show any relationship of circulat-
ing IGF-1 to HPV, but the variability caused by mea-
surement error is greater for HPV than for TCBV. A
larger sample may be required to show a significant effect
on HPV. The temporal horn of the lateral ventricle is
adjacent to the hippocampus and shrinks in proportion
to the degree of hippocampal atrophy. A prior study
relating IGF-1 levels to radial width of the temporal horn
on CT also failed to show any association, although this
study sample was small (n = 75)."8

The discrepancy observed in our study between the
effect of IGF-1 on HPV and total brain volume does not
necessarily prove that the effect of IGF-1 is restricted to
the isocortex; rather, it may be a consequence of techni-
cal as well as biological factors. Measurements of HPV
have a larger standard error than total brain volume
because they are smaller volumes, which amplifies the
impact of small measurement errors; furthermore, the
intricate shape of the hippocampus increases the
complexity of defining precise boundaries. Whereas
it is possible that IGF-1 signaling and receptor

Table 4 Association of sex-standardized mean (range) log serum IGF-1 with MRI precursors of subclinical AD

dementia across the 2 cohorts

First generation (n = 186)

Second generation (n = 1,867)

B = SE p Value g = SE p Value
Model 1
TCBV 0.55 + 0.24 0.025 0.26 + 0.06 <0.001
HPV 0.000 += 0.004 0.980 -0.001 = 0.001 0.608
Model 2
TCBV 0.55 + 0.24 0.025 0.25 + 0.07 <0.001
HPV 0.000 = 0.004 0.981 —0.001 + 0.001 0.584
Model 3
TCBV 0.61 + 0.25 0.016 0.25 + 0.07 <0.001
HPV 0.000 = 0.004 0.987 -0.001 + 0.001 0.628
Model 4
TCBV 0.18 = 0.07 0.009
HPV 0.000 = 0.001 0.831

Abbreviations: AD = Alzheimer disease; HPV = hippocampal volume; IGF-1 = insulin-like growth factor-1; TCBV = total

cerebral brain volume.

Model 1 is adjusted for age, sex, and time to imaging. Model 2 is adjusted for age, sex, time to imaging, and APOE €4. Model 3 is
adjusted for age, sex, time to imaging, APOE €4, and quartile 4 waist-hip ratio. Model 4 is adjusted for age, sex, time to imaging,
APOE €4, quartile 4 waist-hip ratio, natural logarithm of physical activity index, natural logarithm of total plasma homocysteine,
natural logarithm of C-reactive protein, and natural logarithm of homeostasis model assessment of insulin resistance.
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density might vary across different regions of the
brain, both the isocortex and the hippocampus
appear sensitive to IGF-1 levels, at least in animal
models and in early human development as outlined
subsequently. Another explanation for the stronger asso-
ciation with TCBV could also be a greater impact on
white matter volumes that would affect TCBV more
than HPV. Further studies of gray and white matter vol-
umes and voxel-based morphometric analyses are
ongoing,

IGF-1 has been shown to interact with both
B-amyloid and tau in vitro and in vivo. In the
Tg2567 mouse model, IGF-1 improves (-amyloid
clearance.?® In mice deficient of insulin receptor sub-
strate 2, an IGF-l-associated receptor, abnormal
cytoplasmic deposits of hyperphosphorylated tau
in the hippocampus are seen.”” Higher IGF-1 levels
have been associated with larger brains and better
memory function in mouse models and in human
disease. IGF-1 knockout mice have smaller brain
volumes, and specifically a smaller granule cell layer
in the dentate gyrus.”® In animal studies, low IGE-1
leads to spatial learning impairment and reduced hip-
pocampal neurogenesis and volume.® Spatial learning
impairment could also be ameliorated with subcutane-
ous administration of IGF-1.? Overexpressing IGF-1 in
mice results in an increase of brain size and myelina-
tion.* In mouse models, higher IGF-1 promotes learn-
ing and memory performance.® In humans, congenital
IGF-1 deficiency causes microcephaly and mental retar-
dation.*” In a family carrying the Swedish amyloid pre-
cursor protein 670/671 mutation, persons with AD
dementia, when compared with age-matched persons
without AD dementia, were observed to have lower
plasma IGF-1 levels.”

In light of our findings relating elevated IGF-1 levels
to a lower risk of AD dementia and to larger brain vol-
umes, further studies to explore a possible clinical role
of medications that increase IGF-1 levels appears war-
ranted. Exogenous administration of human growth hor-
mone as well as secretagogues such as imidazolines may
increase serum levels of IGF-1 by up to 30%.* IGF-
1 has also been directly administered in animals with
successful CNS uptake after intranasal delivery.**
Administration of intranasal insulin in humans improved
cognition and modulated B-amyloid in early AD
dementia.*

Furthermore, in rodents, donepezil has been shown to
increase IGF-1 in the hippocampus.®® IGF-1 is also
increased by administration of monoamine reuptake in-
hibitors, fluoxetine, and venlafaxine.**” In our study,
donepezil and other drugs in this class had not
been licensed at the time that serum was drawn
for IGF-1 measurements in generation 1, and no effect
from antidepressant use was observed. Changes in
IGF-1 levels may represent one pathway through which

Neurology 82 May 6, 2014

lifestyle interventions such as healthier lower caloric diets
and increased physical activity might alter the risk of AD
dementia.

The large community-based study spanning 2
generations, objective imaging findings, and our rig-
orous diagnostic evaluations are particular strengths
of this study. However, our study is limited to per-
sons of European ancestry, and therefore confirma-
tion in independent samples and in persons of other
racial backgrounds is needed at this time.
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