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Abstract.
Background: Insulin-like growth factor-I (IGF-I) regulates myelin, but little is known whether IGF-I associates with white
matter functions in subjective and objective mild cognitive impairment (SCI/MCI) or Alzheimer’s disease (AD).
Objective: To explore whether serum IGF-I is associated with magnetic resonance imaging – estimated brain white matter
volumes or cognitive functions.
Methods: In a prospective study of SCI/MCI (n = 106) and AD (n = 59), we evaluated the volumes of the total white matter,
corpus callosum (CC), and white matter hyperintensities (WMHs) as well as Mini-Mental State Examination (MMSE), Trail
Making Test A and B (TMT-A/B), and Stroop tests I–III at baseline, and after 2 years.
Results: IGF-I was comparable in SCI/MCI and AD (113 versus 118 ng/mL, p = 0.44). In SCI/MCI patients, the correlations
between higher baseline IGF-I and greater baseline and 2-year volumes of the total white matter and total CC lost statistical
significance after adjustment for intracranial volume and other covariates. However, after adjustment for covariates, higher
baseline IGF-I correlated with better baseline scores of MMSE and Stroop test II in SCI/MCI and with better baseline results
of TMT-B and Stroop test I in AD. IGF-I did not correlate with WMH volumes or changes in any of the variables.
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Conclusions: Both in SCI/MCI and AD, higher IGF-I was associated with better attention/executive functions at baseline
after adjustment for covariates. Furthermore, the baseline associations between IGF-I and neuropsychological test results in
AD may argue against significant IGF-I resistance in the AD brain.

Keywords: Alzheimer’s disease, attention, corpus callosum, executive function, insulin-like growth factor-I, magnetic reso-
nance imaging, mild cognitive impairment, speed, subjective mild cognitive impairment, white matter hyperintensities

INTRODUCTION

In both the gray and white matter of the adult
human brain, there are large densities of insulin-
like growth factor-I (IGF-I) receptors (IGF-IRs) [1].
IGF-I in the brain is derived from passage from the
circulation across the blood-brain barrier (BBB) [2]
or by local IGF-I production [3]. IGF-I regulates early
brain development [4], but also maintains normal
brain function in advanced ages. In the aging rodent
brain, intracerebroventricular infusions of IGF-I or
treatment with an adenovector carrying the IGF-I
gene enhanced microvascular density [5] and astro-
cytic branching [6], and ameliorated the age-related
decline in neurogenesis [7].

In addition to its neurotrophic effects, IGF-
I also affects the neuropathological processes in
Alzheimer’s disease (AD). In rodents, low circulat-
ing IGF-I has produced AD-like pathology such as
increased brain amyloidosis, hyperphosphorylation
of tau, gliosis, synaptic protein loss, and impaired
spatial learning and memory [8–10]. In the post-
mortem human AD brain, the messenger ribonucleic
acid (mRNA) expressions of IGF-I and IGF-IR as
well as IGF-I signaling were reduced in brain areas
with high density of gray matter [3, 11–13]. Further-
more, severe IGF-I resistance to IGF-IR signaling in
AD neurons has been confirmed both in the experi-
mental setting [14] and in a postmortem study of the
human hippocampal formation and cerebellar cor-
tex [13]. In observational studies, both low serum
IGF-I and high IGF-IR activity, as a possible sign of
IGF-I resistance, have been associated with increased
risk of AD [15, 16]. In cross-sectional analyses, there
are diverging results as AD patients exhibited either
increased [17], similar [18], or decreased [19] serum
and cerebrospinal fluid (CSF) levels of IGF-I com-
pared with controls.

Although not being one of the hallmarks of the
disease, degeneration of the brain white matter such
as corpus callosum (CC), a large brain white mat-
ter structure, is often seen in AD [20]. White matter
degeneration includes reduced function of myelin
sheaths, myelinated axons, and oligodendrocytes

[21]. In IGF-I null mice, there was a more pronounced
decrease in myelinated than unmyelinated axons, and
the decrease in CC thickness was considerably more
marked than the reduction of the total brain size [22].
Furthermore, IGF-I signaling regulated oligodendro-
cyte survival, thereby stimulating the synthesis and
maintenance of myelin [23–25]. Local cell-specific
deficiency of IGF-IR in oligodendrocyte precursor
cells decreased the proportion of oligodendrocytes in
the CC and the anterior commissure due to reduced
proliferation and increased apoptosis [26]. Finally,
IGF-I signaling regulated metabolism and oxidative
stress in astrocytes [27] and the modulatory effects of
IGF-I on metabolism and oxidative stress could also
affect white matter functions [28].

Most human studies have investigated the associ-
ation between IGF-I and hippocampal volume [16,
29], which contains a high density of gray matter,
or the relation between IGF-I and brain white mat-
ter lesions due to subcortical vascular changes [30].
These lesions can be quantified as white matter hyper-
intensities (WMHs) on magnetic resonance imaging
(MRI) scans [31], and are associated with impair-
ments of executive functions, processing speed, and
visuopractical skills [32]. Although a high load
of WMHs is a characteristic of vascular demen-
tia (VaD) of the subcortical type, WMHs can also
be found in other conditions including AD. In one
population-based study, serum IGF-I was associ-
ated with reduced WMH burden but not with the
brain white matter volume [30], whereas another
study did not detect any relation between IGF-I and
WMH volume [29]. Finally, patients with mild cog-
nitive impairment and low serum IGF-I had reduced
processing speed, attention, executive function, and
visuospatial cognition [33].

In summary, experimental studies demonstrate that
IGF-I is essential for the development and mainte-
nance of the brain white matter. In contrast, there are
fewer clinical studies, often with discrepant results.
We therefore aimed to investigate, in a single-center
memory clinic setting, whether serum IGF-I is associ-
ated with MRI-estimated brain white matter volumes
and executive cognitive performance in patients
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with subjective/objective mild cognitive impairment
(SCI/MCI) and AD. We hypothesized that higher
serum IGF-I would be associated with larger brain
white matter volumes and better neuropsychological
test performance in SCI/MCI, whereas in AD, such
associations would not be seen due to resistance to
the effects of IGF-I in the brain white matter.

MATERIALS AND METHODS

Participants

The present mono-center study is based on the
Gothenburg MCI study, which aims to investigate
the neurodegenerative and vascular processes preced-
ing the onset of clinical dementia. The Gothenburg
MCI study is an observational memory clinic study
performed at the Sahlgrenska University Hospital
[34]. All the included patients underwent base-
line assessments to determine their cognitive status
including clinical, neuropsychological, biochemical,
and neuroimaging examinations [34, 35]. Inclusion
criteria in the Gothenburg MCI study were age
≥50 and ≤79 years, subjective symptoms and/or
objective findings of progressive cognitive impair-
ment for more than 6 months, and a Mini-Mental
State Examination (MMSE) score ≥18. Exclusion
criteria were severe somatic diseases (e.g., subdu-
ral hemorrhage, brain tumor, encephalitis, untreated
hypothyroid state, and unstable heart disease), major
psychiatric disorders, substance abuse, and confu-
sion [34]. Additional inclusion criteria in the present
study were available data on brain MRI scans and
neuropsychological test results, blood samples for
determination of IGF-I, and a diagnosis of SCI/MCI
or AD. We excluded other dementias such as cor-
tical VaD, Lewy body dementia, frontotemporal
dementia, and unknown type of dementia. Patients
with diabetes mellitus were excluded because
this condition is associated with progression of
WMHs [36].

Participant assessment

The patient’s cognitive status was rated accord-
ing to the Global Deterioration Scale (GDS) [37].
GDS 2 corresponds to SCI and GDS 3 to MCI
whereas GDS 4 represents mild dementia. The guide-
lines for the GDS level classification were based
on medical history, checklists, and instruments for
cognitive symptoms [34]; 1) Stepwise Compara-
tive Status Analysis (STEP) variables 13–20 [38];

2) I-FLEX, a short version of the Executive Inter-
view (EXIT) [39]; 3) MMSE [40]; and 4) Clinical
Dementia Rating (CDR, the assessment based on
information from both the patient and an informant)
[41]. Guidelines for GDS 4 were: STEP >1, I-FLEX
>3, MMSE ≤25, and CDR >1.0. The appropriate
GDS level was, however, based on a consensus deci-
sion among the specialized physicians at the memory
clinic.

Patients with GDS 2 or 3 were diagnosed as SCI
or MCI, respectively. In the present analysis, SCI
patients (n = 56) and MCI patients (n = 50) who had
not converted to dementia during the follow-up were
merged into one group defined as the SCI/MCI group
(n = 106). In contrast, patients who had SCI or MCI at
baseline but had converted to AD during the follow-
up period (n = 16) were considered as suffering from
AD and were included in the AD group (totally
n = 59) in all analyses. In patients with GDS 4, the spe-
cially trained physicians who determined the specific
dementia diagnoses had access to MRI scans, clinical
symptomatology, and the results of the neuropsy-
chological evaluations included in the GDS rating
scale (STEP variables 13–20, I-FLEX, MMSE, and
CDR), but were blinded to other neuropsychologi-
cal test results, MRI volumetric rating scales, and
CSF biomarker results. AD was diagnosed using
the NINCDS-ADRDA criteria [42]. Among the AD
patients, 22 had mixed dementia (combined AD and
subcortical VaD) as they in addition to the NINCDS-
ADRDA criteria [42] also fulfilled the Erkinjuntti
criteria [43] of subcortical VaD. In total, we included
106 SCI/MCI patients and 59 AD patients.

Ethical considerations

Ethical approval was obtained from the Regional
Ethics Review Board at the University of Gothen-
burg (Gothenburg, Sweden) and the Swedish Ethical
Review Authority. Written and oral informed consent
was provided by all included patients. The study was
conducted according to the Declaration of Helsinki.

Assessment of covariates

All covariates were collected at baseline by a
memory clinic physician. Body mass index (BMI)
was calculated as the weight in kilograms divided
by the height in meters squared. Blood pressure
(BP) in the sitting position was the mean of two
measurements at different occasions. Mean arterial
pressure (MAP) was calculated as diastolic blood
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pressure plus one third of the difference between
systolic blood pressure and diastolic blood pressure.
The presence of hypertension was determined in line
with the guidelines from the American College of
Cardiology/American Heart Association Task Force
[44]. Low-density lipoprotein-cholesterol/high-
density lipoprotein-cholesterol (LDL/HDL) ratio
was obtained by dividing the serum LDL value
with the serum HDL value. Smoking habits were
categorized as non-smoker, previous smoker, and
current smoker.

Blood and CSF samples

All CSF samples were drawn by lumbar punc-
ture in the L3/L4 or L4/L5 interspace. The first
portion of CSF was discarded to avoid blood con-
tamination. Totally 20 ml of CSF was collected in
polypropylene tubes, gently mixed by inverting the
tubes, and then centrifuged at 2000 × g at room
temperature for 10 minutes. The blood and CSF spec-
imens were collected at baseline in a fasted state
between 8.00 AM – 10.00 AM and 8.00 AM – 12.00
AM, respectively, and stored at –80◦C prior to the
analyses.

Biochemical procedures

All biochemical analyses were conducted by expe-
rienced laboratory technicians blinded to clinical
information. Serum IGF-I concentrations were deter-
mined on a single occasion in 2015 at the Clinical
Chemistry Laboratory, Sahlgrenska University Hos-
pital using a chemiluminescent immunometric assay
(IDS-iSYS; Immunodiagnostic Systems Limited,
Boldon, United Kingdom) on an IDS-iSYS auto-
mated system (IS31040; Immunodiagnostic Systems
Limited). The IDS-iSYS IGF-I assay was calibrated
according to the WHO International Standard 02/254.
Serum lipid levels including HDL were measured
using standardized methods (accredited according to
international standard ISO/IEC 15189). Serum LDL
level was calculated using the Friedewald formula
[45]. Total (T)-tau, phosphorylated (P)-tau 181, and
amyloid-� amino acids 1 to 42 (A�1–42) in CSF
were assessed at the Clinical Neurochemistry Labora-
tory, Sahlgrenska University Hospital using sandwich
enzyme-linked immunosorbent assays (INNOTEST,
Fujirebio, Gent, Belgium). To minimize between-
assay variability, two or more internal control CSF
samples (aliquots of pooled CSF) were analyzed in
each run as internal quality controls [34]. Serum and

CSF albumin were measured using immunoneph-
elometry on a Beckman Image immunochemistry
system (Beckman Instruments, Beckman Coulter,
Brea, USA).The albumin ratio was calculated as
CSF albumin (mg/L)/serum albumin (g/L) and was
used as a marker of BBB function [46]. Geno-
typing of apolipoprotein E (APOE, gene map
locus 19q13.2) was conducted using minisequencing
technique [34].

Magnetic resonance imaging scanning and brain
volumetric assessments

A 1.5 tesla Siemens Symphony MRI scan-
ner (Erlanger, Germany) was used. The MRI
scanning protocol, sequence generation, and
volumetric assessment have been previously
described [47]. FreeSurfer, version 5.3.0
(https://surfer.nmr.mgh.harvard.edu/) were pro-
cessed on T1 3D inversion recovery/gradient
recalled images (repetition time: 1610 ms, echo
time: 2.38 ms, flip angle: 15◦, coronal slices, field
of view: 250 × 203 mm, thickness of slice: 1 mm,
pixel spacing and matrix size: 0.49 × 0.49 mm
and 512 × 416, respectively) [47]. A two-step
blinded quality control was performed using the
FreeSurfer graphical user interface Freeview (https://
surfer.nmr.mgh.harvard.edu/fswiki/FreeviewGuide/
FreeviewIntroduction) [48]. Brain structures of
interest, measured in cm3, comprised the total and
substructure volumes of CC as well as the total
white matter and WMH volumes. The FreeSurfer
volumes were not normalized for total intracranial
volume (ICV) in the main analyses as ICV was
similar in both study groups [median baseline ICV
(25th–75th percentiles) was 1,551 (1468–1678) cm3

in SCI/MCI and 1,581 (1495–1703) cm3 in AD,
p = 0.31]. All 165 patients (SCI/MCI, n = 106; AD,
n = 59) had a baseline MRI scan, and of these, 75
patients had an available MRI scan at the 2-year
follow-up (SCI/MCI, n = 48; AD, n = 27).

Neuropsychological evaluation

Neuropsychological tests were performed at base-
line and at the 2-year follow-up visit to evaluate
various aspects of attention and executive func-
tion. Specifically, processing speed, visual scanning
and complex attention encompassing set-shifting
and cognitive flexibility were assessed using Trail
Making Test A (TMT-A) and B (TMT-B) [49]. Addi-
tionally, interference control was evaluated using the

https://surfer.nmr.mgh.harvard.edu/
https://surfer.nmr.mgh.harvard.edu/fswiki/FreeviewGuide/FreeviewIntroduction
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Stroop Test (I–III) Victoria Version, a short version
of the Stroop Color and Word Test (SCWT) [50].

Statistical analyses

All statistical analyses were conducted using SPSS
for Mac version 28 (IBM Corp., Armonk, NY, USA).
Continuous variables are expressed as the median
(25th–75th percentiles) and categorical variables as
count (n) and proportions (%). Differences between
the SCI/MCI and AD groups at baseline and after
2 years were investigated using the Mann-Whitney
U test for continuous variables and the chi-square
test for categorical variables. Then, separately in the
SCI/MCI and AD groups, we used the Spearman rank
order correlation test to evaluate if serum IGF-I at
baseline was correlated with baseline levels or lev-
els after 2 years in MRI-estimated brain volumes and
if baseline serum IGF-I correlated with the scores
at baseline or after 2 years on neuropsychological
tests. We also evaluated if baseline serum IGF-I was
correlated with the changes in the studied variables
(the change was calculated as the 2-year value minus
the baseline value). The rho-values obtained in the
Spearman rank order correlation tests are shown as
rs.

We also performed partial correlation analyses in
which adjustments were made for multiple covari-
ates. In these analyses, IGF-I was logarithmically
transformed as it was skewedly distributed. First,
in the partial correlation analyses, we evaluated if
baseline serum IGF-I correlated with baseline and
2-year values of MRI-estimated brain volumes after
adjustment for ICV and in addition age, gender,
BMI, smoking habits (never/previous/current), serum
LDL/HDL ratio, and MAP. Then, in further par-
tial correlation analyses, we investigated if baseline
serum IGF-I correlated with baseline or 2-year levels
of the neuropsychological test scores with adjustment
for age, gender, BMI, smoking habits, LDL/HDL
ratio, and MAP. Statistical significance was set as
p < 0.05.

RESULTS

Demographical and clinical characteristics

The characteristics of the patients are presented
in Table 1. The SCI/MCI patients (n = 106) were
significantly younger than the AD patients (n = 59).
Gender distribution, BMI, HDL, LDL, LDL/HDL
ratio, diastolic blood pressure, education (years), and

smoking habits were comparable in both groups.
However, systolic blood pressure, MAP, and preva-
lence of hypertension were significantly lower in
the SCI/MCI group. SCI/MCI patients tended to
have lower serum IGF-I concentrations than AD
patients although this difference was not statistically
significant. CSF/serum albumin ratio was statisti-
cally similar in the two study groups. As expected,
the SCI/MCI group had less deviating CSF AD
biomarker levels (A�1–42, P-tau, and T-tau) and lower
presence of the APOE ε4 allele compared with the AD
group.

Demographic and clinical comparisons in
patients with and without follow-up

Within the SCI/MCI group as well as within the
AD group, there were no differences between patients
having or not having a 2-year follow-up (Supplemen-
tary Table 1). However, SCI/MCI and AD patients
with a follow-up visit differed in terms of systolic
blood pressure, hypertension (%), CSF/serum albu-
min ratio, and CSF AD biomarkers (A�1–42, P-tau,
and T-tau). Moreover, in patients without follow-up,
SCI/MCI patients were younger, had lower systolic
blood pressure, and less impaired CSF AD biomarker
levels than AD patients (Supplementary Table 1).

MRI and neuropsychological characteristics at
baseline and at the 2-year follow-up

At baseline, patients with SCI/MCI (n = 106)
exhibited significantly greater volumes of total CC
and substructures of CC, and less pronounced
WMH burden, compared with AD patients (n = 59)
(Table 2). In contrast, total white matter volume
was similar in both groups. Furthermore, SCI/MCI
patients had better baseline performance on global
cognition (MMSE) and the tests reflecting visual
scanning (TMT-A), complex attention (TMT-B), and
the ability to inhibit cognitive interference (Stroop
I–III) (Table 2).

At the 2-year follow-up visit (n = 75), the MRI-
estimated volumes of the total white matter, total CC,
and subsections of CC were significantly larger in
the SCI/MCI group (n = 48) than in the AD group
(n = 27) (Table 2). Similarly, SCI/MCI patients had
higher MMSE scores and better response times for
TMT-A, TMT-B, and Stroop tests I–III at the 2-year
follow-up visit.
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Table 1
Demographic characteristics of patients with SCI/MCI or AD at baseline

SCI/MCI
(n = 106)

AD
(n = 59)

p

Age (y) 64.0 (59.5–71) 69.0
(62.0–75.0)

<0.01

Gender, n (%) 0.05
Male 34 (32) 28 (47)
Female 72 (68) 31 (53)

BMI (kg/m2) 24.7
(22.2–27.0)

24.2
(21.8–26.0)

0.24

Serum HDL (mmol/L) 1.8 (1.4–2.2) 1.8 (1.6–2.1) 0.84
Serum LDL (mmol/L) 3.3 (2.9–3.9) 3.4 (2.7–4.0) 0.86
LDL/HDL ratio 1.9 (1.4–2.5) 1.7 (1.4–2.4) 0.59
Diastolic blood pressure (mmHg) 79 (74–86) 80 (74–85) 0.70
Systolic blood pressure (mmHg) 139 (125–151) 150 (132–165) <0.01
MAP (mmHg) 99 (92–107) 103 (96–109) 0.045
Education (y) 14 (11–16) 13 (9–15) 0.17
Smoking, n (%)

Never 61 (57) 35 (60) 0.77
Previous 7 (7) 5 (9)
Current 38 (36) 18 (31)

Hypertension, n (%)
Yes 36 (36) 34 (59) <0.01
No 64 (64) 24 (41)

Serum IGF-I (ng/mL) 113 (95–139) 118 (95–146) 0.44
CSF/serum albumin ratio 5.4 (4.3–6.9) 5.8 (4.8–8.7) 0.06
CSF A�1–42 (ng/L) 580 (456–790) 357 (256–463) <0.001
CSF T-tau (ng/L) 331 (210–470) 530 (323–743) <0.001
CSF P-tau (ng/L) 49 (38–67) 77 (60–95) <0.001
APOE �4, n (%)
0 50 (51) 17 (30) 0.02
1 40 (41) 28 (50)
2 8 (8) 11 (20)

Values are presented as the median (25th–75th percentiles) if not stated otherwise. Between-
group differences were calculated using Mann-Whitney U tests for continuous variables and
chi-square tests for categorical variables. Significant p values are given as bold text. APOE geno-
typing was not performed in 11 patients. A�1-42, amyloid � amino acids 1 to 42; AD, Alzheimer’s
disease; APOE, apolipoprotein E; BMI, body mass index; CSF, cerebrospinal fluid; IGF-
I, insulin-like growth factor-I; HDL, high-density lipoprotein-cholesterol; LDL, low-density
lipoprotein-cholesterol; MAP, mean arterial pressure; MMSE, Mini Mental State Examination;
P-tau, phosphorylated tau; SCI/MCI, subjective/objective mild cognitive impairment; T-tau,
total tau.

Correlations between baseline IGF-I and
MRI-estimated brain volumes at baseline

First, we determined whether baseline serum IGF-
I correlated with MRI-estimated brain volumes at
baseline (Table 3). In the SCI/MCI group (n = 106),
baseline IGF-I correlated positively with the baseline
volumes of the total white matter (rs = 0.26, p < 0.01)
and total CC (rs = 0.29, p < 0.01), but not with WMH
volume. In the AD group (n = 59), no correlations
were observed between baseline IGF-I and the base-
line MRI-estimated brain volumes.

As serum IGF-I was significantly correlated with
total CC volume in the SCI/MCI group, we performed
subanalyses to investigate whether IGF-I also was

associated with the substructures of CC at baseline.
These subanalyses in the SCI/MCI group showed
that baseline serum IGF-I correlated positively with
the anterior (rs = 0.28, p < 0.01), central (rs = 0.29,
p < 0.01), and posterior (rs = 0.26, p < 0.01) sections
of CC (Table 3).

Correlations between baseline IGF-I, 2-year
brain volumes, and changes in brain volumes

We also evaluated whether serum IGF-I at baseline
correlated with brain volumes at the 2-year follow-up.
In SCI/MCI patients (n = 48), baseline IGF-I corre-
lated positively with the volumes at the 2-year visit
of the total white matter (rs = 0.41, p < 0.01) and total
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Table 2
Brain volumes and cognitive test performance in SCI/MCI and AD patients

Baseline 2-year follow-up

SCI/MCI(n = 106) AD(n = 59) p SCI/MCI(n = 48) AD(n = 27) p

Brain volumes (cm3)
Total white matter 446 (401–487) 420 (395–476) 0.17 444 (403–483) 406 (358–462) 0.04
Total corpus

callosum
2.74 (2.47–3.15) 2.54 (2.29–2.83) <0.001 2.73 (2.47–3.07) 2.25 (1.93–2.45) <0.001

WMHs 2.26 (1.56–3.90) 3.79 (2.44–5.28) <0.001 2.6 (1.8–3.8) 6.0 (3.9–11.2) <0.001

Subsections of
corpus callosum

Anterior part 1.17 (1.03–1.28) 1.04 (0.92–1.20) <0.01 1.08 (0.98–1.23) 0.94 (0.88–0.97) <0.01
Central part 0.37 (0.32–0.43) 0.33 (0.28–0.37) <0.01 0.35 (0.31–0.41) 0.30 (0.25–0.35) <0.001
Posterior part 1.22 (1.11–1.39) 1.14 (1.03–1.28) <0.01 1.20 (1.09–1.30) 1.00 (0.90–1.17) <0.001

Global cognitive
function

MMSE 29 (28–30) 27 (25–28) <0.001 29 (28–30) 22 (20–26) <0.001

Speed and executive
function (response
time in s)

TMT-A 35 (31–45) 50 (41–63) <0.001 39 (31–45) 52 (36–67) 0.03
TMT-B 82 (64–108) 145 (101–195) <0.001 86 (65–111) 164 (108–203) <0.001
Stroop Test I 14 (12–16) 17 (14–22) <0.001 15 (12–17) 18 (14–23) 0.01
Stroop Test II 17 (16–21) 24 (21–34) <0.001 18 (16–20) 25 (19–36) <0.001
Stroop Test III 26 (23–32) 39 (30–57) <0.001 26 (23–33) 41 (28–65) <0.001

Values are presented as the median (25th–75th percentiles) if not stated otherwise. Between-group differences were calculated using the
Mann-Whitney U test. Significant p values are reported as bold text. AD, Alzheimer’s disease; MMSE, Mini Mental State Examination;
SCI/MCI, subjective/objective mild cognitive impairment; TMT-A, trail making test A; TMT-B, trail making test B; WMH, white matter
hyperintensity.

CC (rs = 0.34, p = 0.03), but not with WMH volume
(data not shown). In additional subgroup analyses in
the SCI/MCI group, IGF-I correlated positively with
central CC volume (rs = 0.33, p = 0.03), but not with
the anterior (rs = 0.05) or posterior CC (rs = 0.19) vol-
umes at 2 years. Furthermore, in SCI/MCI, baseline
IGF-I did not correlate with the changes from baseline
to the 2-year visit in any studied brain volume (data
not shown). In AD patients (n = 27), baseline serum
IGF-I was not correlated with the 2-year levels or the
changes in any brain volume (data not shown).

Correlations between baseline IGF-I and
neuropsychological test performance at baseline

At baseline in SCI/MCI patients (n = 106), serum
IGF-I correlated negatively with the scores of TMT-
A (rs = –0.22, p = 0.04), Stroop test II (rs = –0.28,
p < 0.01), and Stroop test III (rs = –0.21, p = 0.049)
(Table 3), indicating that a higher baseline IGF-I
was associated with better test performance. How-
ever, at baseline, serum IGF-I was not associated
with the scores of MMSE, TMT-B, or Stroop test I.
In AD patients (n = 59), IGF-I did not correlate with
any of the neuropsychological test scores at baseline
(Table 3).

Correlations between baseline IGF-I, 2-year test
scores, and changes in test performance

We also investigated if baseline serum IGF-I was
correlated with neuropsychological test performance
at the 2-year follow-up visit, but there were no cor-
relations between baseline IGF-I and the score of
any neuropsychological test after 2 years in SCI/MCI
patients (n = 48) or in AD patients (n = 27) (data not
shown). Additionally, in SCI/MCI patients as well as
in AD patients, there were no correlations between
baseline serum IGF-I and the changes from baseline
to the 2-year visit in any of the neuropsychological
test scores (data not shown).

Adjustment for covariates

To be able to adjust for potential confounders, we
performed partial correlation analyses with adjust-
ment for covariates in the SCI/MCI and AD groups
(Table 4). In these analyses, we investigated if base-
line IGF-I correlated with baseline or 2-year levels
of MRI-estimated brain volumes (adjustment for
ICV and in addition age, gender, BMI, smoking
habits, LDL/HDL ratio, and MAP). Furthermore, we
analyzed if baseline IGF-I was correlated with neu-
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Table 3
Correlation analyses at baseline between serum IGF-I and MRI-estimated brain

white matter volumes and neuropsychological test performance

Baseline

SCI/MCI (n = 106) AD (n = 59)

Brain volumes (cm3)
Total white matter rs = 0.26, p < 0.01 rs = 0.20, p = 0.13
Total corpus callosum rs = 0.29, p < 0.01 rs = 0.23, p = 0.09
WMHs rs = –0.08, p = 0.44 rs = 0.18, p = 0.22

Subsections of corpus
callosum∗

Anterior part rs = 0.28, p < 0.01 –
Central part rs = 0.29, p < 0.01 –
Posterior part rs = 0.26, p < 0.01 –

Global cognitive function
MMSE rs = 0.15, p = 0.12 rs = 0.01, p = 0.95

Speed and executive function
(response time in s)

TMT-A rs = –0.22, p = 0.04 rs = 0.20, p = 0.16
TMT-B rs = –0.10, p = 0.36 rs = –0.14, p = 0.39
Stroop Test I rs = –0.13, p = 0.22 rs = – 0.04, p = 0.77
Stroop Test II rs = –0.28, p < 0.01 rs = –0.03, p = 0.85
Stroop Test III rs = –0.21, p = 0.049 rs = –0.14, p = 0.33

Correlations were calculated using the Spearman rank order correlation test. Rho values are pre-
sented as rs. Significant correlations are reported as bold text. ∗Subsections of corpus callosum
were not evaluated in the AD group as there was no significant baseline correlation between
IGF-I and total corpus callosum in AD. AD, Alzheimer’s disease; MMSE, Mini Mental State
Examination; MRI, magnetic resonance imaging; SCI/MCI, subjective/objective mild cognitive
impairment; TMT-A, trail making test A; TMT-B, trail making test B; WMH, white matter
hyperintensity.

ropsychological test results at baseline and after 2
years (adjustment for age, gender, BMI, smoking
habits, LDL/HDL ratio, and MAP).

In the partial correlation analyses in the SCI/MCI
group (n = 106), baseline IGF-I did not correlate with
any baseline brain volume after adjustment for the
covariates given above (Table 4). Similarly, in the AD
group (n = 59), there were no correlations between
baseline IGF-I and the baseline brain volumes after
adjustment for covariates (Table 4). Moreover, in the
SCI/MCI group as well as in the AD group, the partial
correlation analyses with adjustment for covariates
showed that baseline IGF-I was not correlated with
any of the brain volumes after 2 years (data not
shown).

In the SCI/MCI group (n = 106), higher baseline
IGF-I was correlated with higher (better) baseline
score of MMSE (r = 0.24, p = 0.04) and with lower
(better) baseline score of Stroop test II (r = –0.29,
p = 0.01) in the partial correlation analyses with
adjustments for covariates (Table 4). In the AD
group (n = 59), higher baseline IGF-I was found to
correlate with lower (better) baseline scores of TMT-
B (r = –0.40, p = 0.04) and Stroop test I (r = –0.38,
p = 0.049) after adjustment for covariates (Table 4).

Baseline IGF-I did not correlate with the 2-year
scores of any neuropsychological test in the SCI/MCI
or AD groups in the partial correlation analyses (data
not shown).

DISCUSSION

In SCI/MCI and AD patients recruited at a sin-
gle memory clinic, we investigated whether baseline
serum IGF-I was associated with MRI-estimated
brain white matter volumes and executive cognitive
functions, which at least partly are regulated by the
brain white matter. SCI and MCI are often considered
as transitory stages preceding the onset of manifest
dementia, and may therefore be of interest for the
study of patients with high risk of dementia [51]. In
our SCI/MCI patients, higher baseline serum IGF-I
correlated with greater total white matter and total
CC volumes both at baseline and the 2-year visit
and with better baseline scores of TMT-A and Stroop
Test II and III. However, in further analyses in the
SCI/MCI group using partial correlation with adjust-
ment for covariates, the correlations between baseline
IGF-I and brain volumes lost statistical significance,
whereas higher baseline IGF-I correlated with better
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Table 4
Partial correlation analyses between baseline serum IGF-I and baseline levels of MRI-

estimated brain volumes and neuropsychological test performances in SCI/MCI and AD patients

SCI/MCI(n = 106) AD(n = 59)

Brain volumes (cm3)
Total white matter r = –0.13, p = 0.23 r = –0.20, p = 0.23
Total corpus callosum∗ r = –0.04, p = 0.69 r = –0.01, p = 0.95
WMHs r = 0.03, p = 0.79 r = 0.09, p = 0.62

Global cognitive function
MMSE r = 0.24, p = 0.04 r = 0.11, p = 0.60

Speed and executive function
(response time in s)

TMT-A r = 0.07, p = 0.57 r = 0.23, p = 0.25
TMT-B r = 0.06, p = 0.62 r = –0.40, p = 0.04
Stroop Test I r = –0.09, p = 0.42 r = –0.38, p = 0.049
Stroop Test II r = –0.29, p = 0.01 r = –0.18, p = 0.37
Stroop Test III r = –0.17, p = 0.15 r = –0.05, p = 0.81

Correlations were calculated using partial correlation analyses with adjustment for age, gender, BMI,
smoking habits, serum LDL/HDL ratio and MAP. Additionally, ICV was added as a covariate in the
partial correlation analyses between baseline serum IGF-I and baseline brain volumes. Serum IGF-I
was logarithmically transformed prior to the analyses. Significant correlations are reported as bold text.
∗Subsections of corpus callosum were not evaluated as there were no significant baseline correlations
between IGF-I and total corpus callosum in SCI/MCI or AD. AD, Alzheimer’s disease; BMI, body mass
index; ICV, intracranial volume; IGF-I, insulin-like growth factor-I; HDL, high-density lipoprotein-
cholesterol; LDL, low-density lipoprotein-cholesterol; MAP, mean arterial pressure; MMSE, Mini
Mental State Examination; MRI, magnetic resonance imaging; SCI/MCI, subjective/objective mild
cognitive impairment; TMT-A, trail making test A; TMT-B, trail making test B; WMH, white matter
hyperintensity.

baseline scores of MMSE and Stroop test II. In the AD
group, IGF-I did not correlate with any variable in the
unadjusted analyses, whereas higher baseline IGF-I
was correlated with better baseline results of TMT-
B and Stroop test I after adjustment for covariates.
Finally, in SCI/MCI as well as in AD, baseline IGF-I
was not associated with WMH volume or longitudinal
changes in any of the variables.

In our study, as compared with the SCI/MCI
group, the AD group was older and had deterio-
rated levels of hypertension frequency, systolic blood
pressure, MAP, APOEε4 allele distribution, and CSF
AD biomarkers (A�1–42, P-tau, and T-tau). Further-
more, the volumes of total CC and CC sections were
smaller, WMH volumes were larger, and the impair-
ments of global cognition and the subdomains of
visual scanning, attention, and executive function
were more marked in the AD patients compared with
the SCI/MCI patients. Altogether, the AD patients
displayed clinical characteristics typical of the AD
phenotype.

Serum IGF-I at baseline did not significantly dif-
fer between the study groups even if AD patients
tended to have higher numerical IGF-I levels. Previ-
ously, serum IGF-I levels in AD have been higher [17,
52], similar [18], or lower [19] than those in healthy

individuals. However, although rarely studied, IGF-
I levels have been similar in SCI/MCI and AD [52,
53]. These divergent results are not well understood,
but it has been suggested that resistance to IGF-IR
signaling in the AD brain can result in compensatory
higher circulating IGF-I levels in the early phases
of AD [54]. Then, IGF-I levels decrease as the dis-
ease advances, ultimately resulting in relative IGF-I
deficiency in late-stage AD [55].

In our SCI/MCI patients, higher baseline serum
IGF-I was associated with larger volumes both at
baseline and after 2 years of the total brain white
matter, total CC, and substructures of CC. However,
in the partial correlation analyses with adjustment
for ICV and other covariates, baseline IGF-I was no
longer significantly correlated with any of the stud-
ied brain volumes in SCI/MCI. Earlier experimental
data have shown reduced volumes of the brain white
matter and CC in IGF-I null mice [22]. The few ear-
lier studies in humans have gained discrepant results.
A meta-analysis of the Framingham Heart Study and
the Study of Health in Pomerania showed that higher
serum IGF-I was associated with decreased WMH
amount but not with brain white matter volume [30].
In some contrast, higher serum IGF-I levels were
associated with improved white matter recovery in
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patients with traumatic brain injury [56]. Overall,
further studies are needed to clarify the association
between IGF-I and brain white matter volumes in
humans.

At baseline, in SCI/MCI, serum IGF-I was asso-
ciated with better test performance in TMT-A and
Stroop tests II and III. Also, after adjustment for
covariates in the partial correlation analyses, baseline
IGF-I was correlated with better baseline neuropsy-
chological test results (MMSE and Stroop test II) in
SCI/MCI patients. Previously, in a cohort study of
healthy men, higher baseline serum IGF-I was associ-
ated with worse processing capacity [57]. In contrast,
in the Mayo Clinic Study of Aging, higher serum IGF-
I was associated with better attention and visuospatial
function in women but not in men [58]. In MCI
patients, low serum IGF-I was associated with poorer
processing speed, attention, and executive function
[33]. Furthermore, treatment with growth hormone-
releasing hormone (GHRH) increased IGF-I levels
and executive functions in MCI patients [59]. Over-
all, our results are in line with those of most previous
studies and support that in SCI/MCI patients, low
IGF-I is associated with impairment in attention and
executive functions.

In the present study, we did not find any asso-
ciation between serum IGF-I and WMH volume.
The mechanisms underlying WMHs include fibroid
necrosis, lipohyalinosis, arteriosclerosis, edema, dis-
ruption of the BBB leading to chronic leakage
of macromolecules and fluid into the brain white
matter, and lastly demyelination [21, 60]. Previ-
ously, higher IGF-I was associated with reduced
WMH burden in one population-based study [30]
but not in another study [29]. Furthermore, IGF-
I is not only essential for myelin synthesis, but
also for the brain microvasculature as experimen-
tal studies have demonstrated that IGF-I regulates
the brain blood vessel density [61], vascular per-
fusion [62], exacerbations in hypertension-induced
microvascular rarefaction [63], and neurovascular
coupling responses [64]. Additionally, a human study
showed that low serum IGF-I was associated with an
increased risk of VaD predominantly of the subcorti-
cal small vessel type [65], which is characterized by
the accumulation of brain WMHs. Therefore, the lack
of correlation between IGF-I and WMH volume in the
present study is somewhat unexpected. However, this
is in some agreement with the results of other stud-
ies showing that factors such as glucose homeostasis
and diabetes mellitus are relatively weakly associ-
ated with the amount and progression of WMHs [36].

This may speculatively be due to that the formation
of WMHs is a complex process involving several
different mechanisms.

In our AD group, serum IGF-I did not correlate
with brain white matter volumes or neuropsycholog-
ical test scores in the unadjusted analyses. In contrast,
in the partial correlation analyses with adjustment for
covariates, higher baseline IGF-I correlated with bet-
ter baseline scores of TMT-B and Stroop test I. There
is a paucity of previous human studies, but in a study
of older AD patients with more advanced dementia
compared with our patients, lower baseline IGF-I lev-
els were associated with a faster decline in global
cognition (MMSE) over 2 years [66]. Furthermore, in
advanced human AD, the mRNA expressions of IGF-
I and IGF-IR have been decreased in brain areas with
a high gray matter density (hippocampus, hypotha-
lamus, frontal lobe cortex, and cerebellar cortex)
[3, 11]. Diminished responses to IGF-I in the IGF-
1R−→IRS-2−→PI3K pathway have been found in
AD neurons [13, 14], and the IGF-I-resistant neurons
might lack trophic signals and therefore degenerate
[67]. It is unknown whether there is a similar down-
regulation of IGF-I and IGF-IR expression along with
reduced IGF-I signaling in the AD brain white mat-
ter. Based on our results, we cannot exclude that there
is some resistance to the actions of IGF-I also in
the brain white matter of AD patients. However, the
baseline correlations that we found in the AD group
between higher IGF-I and better scores of TMT-B and
Stroop test I after adjustment for covariates may argue
against the existence of any major IGF-I resistance in
the AD brain white matter.

Strengths of the present study include the prospec-
tive design, the well-defined study population, and
that IGF-I concentrations were measured on a sin-
gle occasion. Additionally, the study was performed
at a single memory clinic and examined structural
brain white matter volumes as well as neuropsy-
chological test performance. However, serum IGF-I
was only measured at baseline, while longitudinal
alterations in IGF-I levels could not be determined.
Moreover, CSF levels of IGF-I were not evaluated,
and we did not measure the levels or activity of IGF-I
receptors or other signaling molecules such as brain-
derived neurotrophic factor. The number of patients
that were included in the present study was limited,
and especially in the AD group, we cannot exclude
the possibility that this resulted in insufficient sta-
tistical power. Lastly, although IGF-I was correlated
with cognitive test performance after adjustment for
covariates both in the SCI/MCI group and the AD
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group, causal conclusions cannot be drawn based on
this observational study.

Conclusion

In SCI/MCI patients, higher baseline serum IGF-I
levels were associated with larger volumes of the total
brain white matter and total CC in Spearman rank
order correlation analyses, but these associations lost
significance after correction for ICV and other covari-
ates in partial correlation analyses. Furthermore, after
adjustment for covariates, higher baseline IGF-I was
associated with better test results of executive func-
tions both in SCI/MCI and AD. In the SCI/MCI group
as well as in the AD group, we did not find any
correlations between baseline IGF-I and WMH vol-
umes or the change in any of the measured variables.
Overall, these results suggest that IGF-I may induce
some neuroprotective effects on the brain in SCI/MCI
and possibly also in AD. Thus, although we cannot
exclude the possibility of some IGF-I resistance in the
AD brain, the adjusted partial correlations at baseline
between higher IGF-I and better neuropsychological
test performance suggest that the AD brain is not char-
acterized by severe IGF-I resistance. Further studies
are needed in larger study populations with longer
follow-up time to determine whether serum IGF-I
at baseline can predict longitudinal changes in brain
white matter volumes and executive functions.

AUTHOR CONTRIBUTIONS

Alexandra Horvath (Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Writing – original draft); Patrick Quinlan (Writing
– review & editing); Carl Eckerström (Writing –
review & editing; Acquisition of FreeSurfer brain vol-
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