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Abstract

Background: Insulin-like growth factor | (IGF-l) has neuroprotective effects in experimental ischemic stroke (IS). However,
in patients who have suffered IS, various associations between the levels of serum IGF-I (s-IGF-) and clinical outcome have
been reported, probably reflecting differences in sampling time-points and follow-up periods. Since changes in the levels
of post-stroke s-IGF-I have not been extensively explored, we investigated whether decreases in the levels of
s-IGF-l between the acute time-point (median, 4 days) and 3 months (AIGF-I, further transformed into AIGF-I-quintiles,
AIGF-I-g) are associated with IS severity and outcome.

Methods: In the Sahlgrenska Academy Study on Ischemic Stroke (SAHLSIS) conducted in Gothenburg, Sweden, patients
with IS who had s-IGF-I measurements available were included (N = 354; 65% males; mean age, 55 years). Baseline stroke
severity was evaluated using the National Institutes of Health Stroke Scale (NIHSS) and converted into NIHSS-quintiles
(NIHSS-g). Outcomes were assessed using the modified Rankin Scale (mRS) at 3 months and 2 years.

Results: In general, the levels of s-IGF-I decreased (positive AIGF-I), except for those patients with the most severe
NIHSS-q. After correction for sex and age, the 3rd AIGF-I-q showed the strongest association to mRS 0-2 [Odds
Ratio (OR) 5.11, 95% confidence interval (Cl) 2.18-11.9], and after 2 years, the 5th AIGF-I-q (OR 3.63, 95% Cl 1.40-9.38)
showed the strongest association to mRS 0-2. The associations remained significant after multivariate correction for
diabetes, smoking, hypertension, and hyperlipidemia after 3 months, but were not significant (p = 0.057) after 2 years.
The 3-month associations withstood additional correction for baseline stroke severity (p = 0.035), whereas the 2-year
associations were further attenuated (p =0.31).

Conclusions: Changes in the levels of s-IGF-| are associated primarily with temporally near 3-month outcomes, while
associations with long-term 2-year outcomes are weakened and attenuated by other factors. The significance of the
change in post-stroke s-IGF-I is compatible with a positive role for IGF-I in IS recovery. However, the exact mechanisms
are unknown and probably reflects combinations of multiple peripheral and central actions.
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Background

Extensive studies conducted in experimental animals have
demonstrated that insulin-like growth factor-I (IGF-I) ex-
erts neuroprotective and plasticity-promoting effects [1, 2].
For humans who have suffered an ischemic stroke (IS),
a few observational studies have evaluated the role of
endogenous levels of serum IGF-I (s-IGF-I). In the first
two studies on this topic (N =85 and N =42, respectively),
s-IGF-I was associated with measures of improved func-
tional outcome [3, 4]. However, s-IGF-I was analyzed at
only one time-point, either within 24 h of IS onset [3] or at
19-209 days after the IS [4], and functional follow-up was
performed approximately 3—6 months post-stroke [3, 4]. In
addition, a previous study from our group (N =407) has
shown a positive association between the 3-month level of
s-IGF-I and improvements in the mRS score from 3 months
to 2 years, whereas there was a negative association with
the 3-month mRS score [5]. Thus, although endogenous
s-IGF-I has been associated with favorable IS outcome,
there remain unresolved issues in terms of the importance
of the: post-stroke sampling time-point; age of the patient;
severity of IS; timing of the follow-up; and temporal
changes in s-IGF-I level after IS.

The association between change in post-stroke s-IGF-I
and IS outcome has been investigated in one small
study, in which the average level of s-IGF-I increased by
8.5% from <72 h to 7 days after the stroke (N =15) [6].
However, in that study, there was relatively large
inter-individual variability, and interestingly, a decrease
in post-stroke s-IGF-I correlated with a betterl-month
mRS score (N = 10) [6]. Furthermore, the local expression
of IGF-I in the brain may increase after IS [7, 8], and in
analogy with the increased brain uptake of IGF-I after ex-
perimental exercise [9], the transport of IGF-I from the
serum into the brain may be increased after IS. In our pre-
vious study, the level of s-IGF-I was increased during the
first days after the stroke (+11.2% on Days 0-2, as com-
pared to healthy controls), followed by a leveling off of the
s-IGF-I level on Days 3-5. Thereafter, there was an aver-
age decrease of 14.8% from Day 9 to Day 19, resulting in
3-month s-IGF-I levels that were approximately similar to
those seen in healthy, age-matched controls [5]. However,
we did not analyze the associations between the individual
changes in s-IGF-I and IS outcome [5]. The hypothesis
underlying the present study is that not only the absolute
levels of s-IGF-1, but also the temporal pattern of s-IGF-I
levels (as estimated by changes in the s-IGF-I levels), are
of importance for IS outcome. Thus, our primary object-
ive was to investigate whether intra-individual changes in
post-stroke s-IGF-I (AIGF-I), from the acute phase to
3 months post-IS, are associated with functional inde-
pendence 3 months after the IS, and if so, whether AIGF-I
is also associated with functional outcome 2 years after IS.
As AIGF-I has not been investigated extensively to date,
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we explored descriptively the effects of the following
parameters: first day of sampling; age; IS severity; stroke
subtype; and stroke etiology. We also performed multi-
variate regression analyses with the inclusion of potential
confounders, such as cardiovascular risk factors and IS
severity.

Methods

Subjects and methods

The design of SAHLSIS has been reported elsewhere
[10]. Briefly, patients (<70 years of age) with first-ever
or recurrent acute IS were recruited consecutively at
four Stroke Units in western Sweden between 1998 and
2003 (see Fig. 1 for flow chart of inclusions). The final
inclusion cohort with regard to AIGF-I had 354 subjects
(Table 1). S-IGF-I was analyzed on one occasion in 2008
with a methodological intra-assay coefficient of variation
(CV) of 5.1% and the biological variation showed a CV of
38% [5]. Blood sampling was performed between 08:30 and
10:30 after overnight fasting, and s-IGF-I was assayed using
an IGF-binding protein (IGFBP)-blocked RIA kit (Mediag-
nost, Reutlingen, Germany). The acute serum samples were
taken 0-19 days after the IS, with a median sampling time
of 4 days [5]. The frequencies of previous hypertension, dia-
betes mellitus, and smoking were recorded and, the levels
of low-density lipoprotein (LDL) were evaluated as previ-
ously described [10]. The AIGF-I values were transformed
into quintiles (AIGF-I-q), owing to the values being skewed
towards the left, as well as for convenience of presentation.
The AIGF-I-q were defined according to AIGF-I: q1 =
-279.6--10, q2=-9.999-10, q3=10.001-30.7, q4=
30.701-55.6, g5 = 55.601-178.9 ng/ml, with higher quintiles
representing a decrease in s-IGF-I from the acute time-point
to the 3-month time-point. Blood glucose or plasma glu-
cose was analyzed using standardized methods at the
Department of Clinical Chemistry at the Sahlgrenska Uni-
versity Hospital. In cases with the presence of blood glu-
cose, these values were transformed to plasma glucose
according to the formula: plasma glucose = blood glucose
x 1.11. Initial stroke severity was assessed by scoring using
the Scandinavian Stroke Scale (SSS), with the values being
recalculated into the now more commonly used National
Institutes of Health Stroke Scale (NIHSS). The algorithm
used was: NIHSS = 25.68—0.43 x SSS [11], and due to a
markedly skewed appearance, these scores were further
transformed into quintiles: ql =0-0.74 (mild); q2=
0.7401-2.03 (minor); g3 =2.0301-3.75 (moderate); q4 =
3.75-10.2 (major); and q5=10.201-42 (severe). Due to
many cases having minimal NIHSS scores, the first quin-
tile was somewhat overbalanced (see Fig. 2). Stroke subtype
and etiology were classified according to the Oxfordshire
Community Stroke Project (OCSP) [12] and the Trial
of Org 10,172 in Acute Stroke Treatment (TOAST)
[13] criteria (see Table 2 for groups and abbreviations).
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SAHLSIS patients recruited 1998—2003.
N=600 with serum available

Non-Gothenburg patients:
N =189

Gothenburg patients with serum
N =411

S-IGF-I analysis failed:
N=4

Gothenburg patients with either acute
or 3-month s-IGF-I
N =407

Publication in 2011, Aberg-D, see reference list. 1

Effect of acute and 3-month IGF-I evaluated with
respect to crude mRS and crude mRS shift. Individual

changes in s-IGF-I not reported and not analyzed

Acute s-IGF-I missing:

N=19
3-month s-IGF-I missing:
N=34

Gothenburg patients with data on both
acute and 3-month s-IGF-I (AIGF-1):
N =354,
AIGF-I and 3-month mRS: N = 349
AIGF-I and 2-year mRS: N = 352

Fig. 1 Flow chart showing numbers of included subjects and reasons for the exclusion of other patients

Outcomes were assessed functionally and classified ac-
cording to the modified Rankin Scale (mRS), where the
levels of functional independence was classified by
scores in the range of 0-2 (considered as favorable) and
scores in the range of 3-6 (considered as unfavorable)
[14]. Further details of the study design, patient exam-
ination, scoring scales, and protein measurements are
given in the Additional file 1. A part of this report was
presented as an abstract (with a modified title) at the
European Stroke Conference in May 2018 [15] .

Statistical analysis

Statistical evaluation was performed using the SPSS ver.
21.0 software (SPSS Inc., Chicago, IL). In the descriptive
section, comparisons between groups (stroke severity,
day-of-sampling, age, stroke subtype, and etiology) were
performed using analysis of variance (ANOVA), and with
Dunnett’s (for comparison with one reference) or Tukey’s
(for crosswise comparison of all groups) post hoc tests, as
indicated. Comparisons between distributions were made
with the Chi-square test. Crude correlations using the
method of Pearson are presented.

The aim of the project was to evaluate the effect of
AIGF-I on functional outcome (mRS) 3 months and
2 years after IS. Towards this goal, we assessed whether
the crude correlations withstood subsequent binary lo-
gistic regression analysis, in which the data on functional
outcome were dichotomized (favorable outcome, mRS

0-2 versus unfavorable outcome, mRS 3-6). The Odds
Ratios (ORs) and 95% confidence intervals (Cls) for fa-
vorable outcome (mRS 0-2) were age- and sex-adjusted
(model 1) and were relative to the lowest quintile of
AIGF-I (AIGF-I-ql, ie., an increase in AIGF-I). Adjust-
ments were also made for the vascular risk factors of smok-
ing, hypertension, diabetes, and LDL levels (model 2),
initial stroke severity quintile (model 3), and finally, also for
the different days of first sample (model 4). As suggested by
Peduzzi and coworkers [16], the number of events per vari-
able (EPV) needed to reduce statistical bias should exceed
the included number of covariates by a factor of 10. With
the eight covariates given above, and an event rate of mRS
3-6 (N=82 and N=74 for the 3-month and 2-year
outcomes, respectively), we refrained from adding ‘stroke
etiology’ and ‘stroke subtype’ as covariates. The statistical
significance level was set at p < 0.05.

Results

Descriptive data for s-IGF-1 and stroke severity and subtype
The baseline characteristics of the 354 patients from
SAHLSIS (Fig. 1) with AIGF-I values are summarized in
Table 1. AIGF-I, which represents the intra-individual
decrease in s-IGF-I from the acute phase to 3 months
post-1IS, averaged 20.2 ng/mL for the entire group. AIGF-I
only weakly correlated with age (r=-0.12, p=0.025, N=
354), as compared to the acute s-IGF-I and age (r = — 0.331,
p<0.001, N=354) and the 3-month s-IGF-I and age
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Table 1 Baseline data for patients and s-IGF-l in each of the quintiles of changing s-IGF-l (AIGF-I-q1-5)
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Parameter Unit Value
n 354
Age at index ischemic stroke Years (SD) 554 (11)
Sex Missing (N) 229/125
Male/female (fraction) 0.65
Diabetes Yes (N/fraction) 67 (0.19)
Missing (N) 0
Hypertension Yes (N/fraction) 188 (0.53)
Missing (N) 0
Current smoking Yes (N/fraction) 136 (0.38)
Missing (N) 0
LDL level (ng/nL) Mean (SD) 33(1.0)
Missing (N) 27
P-glucose (acute) Mean (SD) 6.5 (2.64)
Missing (N) 8
P-glucose (3 m) Mean (SD) 6.03 (2.29)
Missing (N) 8
Stroke severity (NIHSS) Mean (20, 80%) 53(0.7,10.2)
Missing (N) 0
Stroke outcome (MRS) 3 m Mean(SD) 1.85 (1.06)
Missing (N) 5
Stroke outcome (mRS) 2 yr MRS (SD) 177 (132)
Missing (N) 2
Dead (3-24 m) Yes (n/fraction) 9 (0.025)
Missing (N) 0
s-IGF-I (acute) ng/mL (SD) 172.8 (62.9)
Missing (N) 0
s-IGF-I (3 m) ng/mL (SD) 152.7 (55.7)
Missing (N) 0
AIGF-I (ng/mL), all data ng/mL (SD) 202 (51.0)
Missing (N) 0
Quintile of AIGF-I: AIGF-I (ng/mL) s-IGF-I acute (ng/mL) Change (%)
AIGF-I-q1 (SD) —483 (48.0) 146.5 (53.7) incr. 33.0
(N) 71 71 71
AIGF-I-g2 (SD) 16 (5.8) 1454 (44.6) decr. 1.10
(N) 72 72 72
AIGF-I-g3 (SD) 208 (5.7) 152.5 (56.0) decr 135
(N) 71 71 71
AIGF-I-g4 (SD) 425(7.2) 1789 (45.9) decr 236
(N) 70 70 70
AIGF-I-g5 (SD) 85.9 (28.0) 2405 (57.6) decr 35.7
(N) 70 70 70

Absolute AIGF-I (ng/mL) represents a subtraction of acute s-IGF-I by 3-month s-IGF-I. A negative numerical value represents an increase from the acute to 3-month
time point, and a positive numerical value represents a decrease. Modified Rankin scale (mRS), low density lipoprotein (LDL), National Institutes of Health Stroke

Scale (NIHSS). An extended version of the table with a comparison to data presented in 2011 is found in Additional file 2: Table S1
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Fig. 2 Descriptive data on AIGF-I in relation to age, sampling day,
and ischemic stroke (IS) severity. The error bars are 95% confidence
intervals (Cl), and the numbers (N) of subjects in each category are
shown. a AIGF-| for patients of different ages, as expressed by age
decade at index IS. b AIGF-I values for different days post-IS. ¢
AIGF-I values for the five IS severity levels of the National Institutes
of Health Stroke Scale (NIHSS) (for limits and details, see Methods
section). Significance levels were analyzed by ANOVA, followed by
post-hoc Dunnett’s test with the first group as reference. If the ANOVA
was non-significant no further testing was performed. *p < 0.05

(r=-0.264, p<0.001, N=354). Furthermore, the weak
negative correlation between AIGF-I and age was not
reflected in any difference of AIGF-I with respect to dec-
ade of age (Fig. 2a). We found no significant difference in
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AIGF-I regardless of the post-stroke sampling day of the
first “acute” serum sample (Fig. 2b). However, AIGF-I
was found to be related to initial stroke severity (Table
2, Fig. 2¢). Specifically, there was no decrease in AIGF-I
in the most severe IS, whereas the value of AIGF-I (20—
29 ng/mL) was similar for all the other severities of IS.
The low AIGF-I values noted for the patients with se-
vere or large IS were further supported by the observed
tendency towards a correlation between the AIGF-I quin-
tiles and NIHSS quintiles (r=-0.092, p = 0.084, N =354),
and the fact that the subtype with the largest IS, total anter-
ior cerebral infarctions (TACI), had a lower AIGF-I than
the other subtypes (Table 2, OCSP). Moreover, the AIGF-I
value was higher in the group of patients with IS with eti-
ology of arterial dissection, which might be attributable in
part to the younger age of these patients (Table 2, TOAST
classification). These subgroups were not used in the subse-
quent regressions, since the numbers of subjects and events
in each of the groups were relatively low. As the absolute
levels of s-IGF-I are inversely related to P-glucose levels
and metabolic syndrome [17-19], AIGF-I could potentially
relate to the P-glucose levels. However, there were no cor-
relations (acute P-glucose and AIGF-L r = - 0.065, p = 0.23,
N =346; 3-month P-glucose and AIGF-I, r=-0.012, p=
0.83, N = 346), and this parameter was not used in the sub-
sequent regression analyses.

Multivariate regression analysis of changes in the levels
of s-IGF-I and the clinical outcomes 3 months and 2 years
after the IS

We investigated whether AIGF-I was related to IS out-
come after 3 months and 2 years, using univariate (cor-
relations) and multivariate regression analyses. Although
AIGF-I correlated with the crude 3-month mRS score
(Fig. 3a), outliers and the skewing of AIGF-I indicated
that the AIGF-I quintiles were better suited to analysis
of association, and the application of the widely accepted
dichotomized mRS. Accordingly, the crude AIGF-I quin-
tiles correlated with favorable outcome (i.e., mRS 0-2)
3 months after IS (r=0.21, p =0.01, N = 349) and 2 years
after IS (r=0.14, p =0.007, N =352). This is evidenced
by the significantly different distributions of AIGF-I
quintiles at both 3 months and 2 years for the patients
with favorable outcome (mRS 0-2) and those with un-
favorable outcome (mRS 3-6) of IS (Fig. 2b).

For the significant crude associations with mRS out-
come 3 months and 2 years after the IS, we performed
further analyses using binary logistic regression with ad-
justment for multiple covariates. Higher AIGF-I quintiles
(representing decreased levels of s-IGF-I) adjusted for
sex and age were indeed associated with favorable out-
come in terms of mRS score after 3 months (model 1,
for AIGF-I-q5, OR 4.63, 95% CI 2.01-10.7; Fig. 3¢c). This
was not due to the higher level of acute s-IGF-I found in
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A Stroke outcome (mRS) and AIGF-I
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Fig. 3 Stroke outcome in relation to AIGF-I. a. Distribution of crude AIGF-I values and crude 3-month mRS scores (N = 349). The box shows the
overall Odds Ratios (OR) and 95% confidence intervals of an ordinal regression with mRS score as the dependent variable. For convenience, the
line represents a crude correlation (r=—0.114, p =0.033). b. Unadjusted AIGF-I-quintile distribution (%) of stroke outcomes as indicated by mRS
scores of 0-2 (good or favorable) or 3-6 (poor or unfavorable) 3 months and 2 years after IS. The p-values from the Chi-square analysis comparing
distributions of good and poor outcome are shown. ¢. Functional outcome 3 months post-IS, shown as OR and 95% Cl for associations (binary logistic
regression) of favorable mRS score with unfavorable functional outcome for each of the AIGF-I quintiles relative to AIGF-I g1 (g1 is a reference with
OR =1, shown as a hatched line). Models 1-4 are shown with successively added adjustments for sex (S), age (A), traditional cardiovascular covariates
(O), initial stroke severity (I), and day of the first blood sample (D), together with their respective numbers (N) with complete datasets. The boxes show
the p-values for the overall associations using AIGF-I quintiles as a continuous variable with the same respective adjustments (p-trends). d. Functional

functional outcome for each of the AIGF-I quintiles, as in B

outcomes 2 years after IS shown as OR and 95% Cl for associations (binary logistic regression) between favorable mRS score and unfavorable

AIGF-1-qg4-5 (model 1 with acute s-IGF-I as an add-
itional covariate; data not shown). We did not explore
the impact of acute s-IGF-I on outcome any further, as
acute s-IGF-I has been previously demonstrated to be
negatively correlated with outcome [5]. Furthermore, the

3-month associations withstood adjustment for trad-
itional cardiovascular risk factors and adjustment for
initial stroke severity (Fig. 3c, model 3). However, the asso-
ciations were marginally more robust for AIGF-I-q3 than
for AIGF-I-q5 (model 1, AIGF-I-q3: OR 5.11, 95% CI
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2.18-11.9). Although ‘day of first sample’ did not
crudely relate with AIGF-I (Fig. 3b), there was a biological
rationale for including this parameter as a covariate (due
to the initial increase in s-IGF-I; see Introduction), which
marginally amplified the associations (Fig. 3, ¢ and d,
model 4). This was also reflected in the regression analysis
in which samples collected on Days 0-2 (N =70) were
excluded, generating an inclusion cohort of N =275.
This regression analysis generated marginally higher ORs
for favorable outcome (N =275, model 1, AIGF-I-q3: OR
5.59, 95% CI 2.03-14.4).

In general, the associations were somewhat weaker for
the 2-year outcome (model 1, AIGF-I-g5: OR 3.63, 95% CI
1.40-9.38). The association with favorable 2-year outcome
persisted as a trend (p =0.057) after adjustment for car-
diovascular risk factors but was significant for specific
AIGF-I-quintiles (model 2, AIGF-I-g5: OR 3.66, 95% CI
1.29-10.4). However, additional adjustment for initial
stroke severity reduced associations to non-significant
levels (p =0.31). For the 2-year outcome, the association
was most robust for AIGF-I-g5.

Discussion

Decreased level of IGF-I is associated with favorable
outcome after ischemic stroke

This study investigated individual s-IGF-I changes (AIGF-I)
from the subacute phase after IS to 3-month follow-up. In
addition, we related the AIGF-I to outcome for up to 2 years
after IS. The AIGF-I did not differ with respect to stroke
severity, except that in the most severe stroke cases, there
was only a minimal change in the levels of s-IGF-L In
general, the individual AIGF-I values showed that s-IGF-I
decreased from the subacute phase to 3 months post-IS.
There were more prominent decreases in the levels of
s-IGF-I in patients with favorable outcome than in those
with unfavorable outcome. A subsequent regression ana-
lysis of AIGF-I-q revealed robust associations with favorable
outcome at 3 months and somewhat less-pronounced asso-
ciations at 2 years after IS. These associations withstood
adjustments for cardiovascular covariates in the 3-month
and 2-year follow-ups. However, the associations withstood
additional adjustment for initial stroke severity only in
terms of the 3-month follow-up. Taken together, our data
show that a dynamic decrease in the level of s-IGF-I from
the subacute phase to 3 months post-stroke is strongly as-
sociated with better stroke outcome at 3 months, whereas
the association with outcome at 2 years is weaker.

Decreasing the level of IGF-I is associated with favorable
outcome, also after correction for confounders

The effect of the decrease in the level of IGF-I might be
confounded by various factors, such as stroke volume,
initial stroke severity, higher initial s-IGF-I, and cardio-
vascular factors. While the exact stroke volume was not
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available, the TOAST classification gave some indication
of the stroke volume [13]. Accordingly, large IS (TACI)
and severe IS, as opposed to other groups, exhibited a
minimal AIGF-I (ie, unchanged s-IGF-I). Therefore, it
could be argued that the worst IS scenario, with low
AIGF-I, could explain the statistical associations. However,
even within the group of most severe IS, similar ORs for
favorable outcome were noted (data not shown). Further-
more, when adding ‘initial stroke severity’ as a covariate in
the statistical analyses, the association between AIGF-I
and favorable 3-month outcome remained, whereas the
association between AIGF-I and favorable 2-year outcome
was weakened to statistically non-significant levels. Thus,
even after correction for initial stroke severity, the associ-
ation between AIGF-I and favorable 3-month functional
outcome persisted.

In the multivariate regression analyses, the association
between AIGF-I and IS outcome was not confounded by
the level of acute s-IGF-I. This suggests that the associ-
ation between AIGF-I and favorable outcome is inde-
pendent of the acute level of IGF-I. Given the previous
report on the absolute levels of IGF-I [5], we did not ex-
plore further the effects of the acute or 3-month levels
of IGF-IL.

The beneficial effect of AIGF-I was essentially unchanged
by the applied adjustments for cardiovascular covariates
(Fig. 3b and c). This is of importance, as the absolute levels
of s-IGF-I are lower in cases of metabolic syndrome and
diabetes [17-19]. In summary, the change in s-IGF-I level
appears to be an independent predictor of favorable out-
come 3 months after IS, as this association withstands cor-
rections for cardiovascular covariates, absolute levels of
acute IGF-], and initial stroke severity.

Possible underlying mechanisms

In the present study, it was not possible to determine
whether the changes in s-IGF-I reflect similar changes in
the local availability of IGF-I in the brain. However, in
experimental IS, IGF-I was upregulated early after IS,
both locally [7, 8, 20] and in the serum [8], allowing for
a subsequent decrease in the level of IGF-I. In our previous
study, the levels of s-IGF-I increased during the first days
after the stroke. The levels of s-IGF-I reached a plateau on
Days 3-5, and thereafter, an average decrease of 14.8% was
seen on Days 9-19, resulting in 3-month s-IGF-I levels
that were approximately similar to those in healthy,
age-matched controls [5]. It can be speculated that the
higher levels of IGF-I around the brain injuries result in
better recovery, and that after 3 months, the expression
of IGF-I decreases if the injury exhibits recovery (im-
plying that IGF-I is no longer needed). In line with this,
brain injuries with little recovery would continue to
have unchanged or even increased levels of IGF-I in the
brain, and possibly also in the serum, after 3 months. If
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so, local IGF-I in the brain would not be an exacerbating
agent, but instead a substance that could improve the clin-
ical outcome of IS. From experimental studies, there is
evidence that local astrocyte IGF-1 expression mediates
neuroprotection [21] and that locally delivered astrocyte
IGF-I improves experimental stroke outcomes [22]. While
the exact mechanisms are not known, they probably in-
volve neuroprotection, as well as angiogenesis, neuro-
genesis, and neuronal sprouting (for reviews, see [1, 2]).
Another possible explanation is that the patients with
IS who exhibit a substantial recovery and favorable out-
come are those with the greatest potential for trans-
porting IGF-I from the serum into the brain [9]. Such a
mechanism would give results similar to ours, although
this notion is partly contradicted by our previous report
that large infarctions have relatively higher absolute
levels of both acute and 3-month s-IGF-I [5]. It should
be pointed out that interactions between local brain
IGF-I synthesis, circulating s-IGF-I (including periph-
eral sources and regulation from liver and bone [23]),
and uptake of s-IGF-I through the blood-brain barrier
are biologically plausible but very complicated to study
and poorly understood in humans. A more stringent
time series of IGF-I measurements in the serum and
cerebrospinal fluid (CSF) in relation to IS might give
some indication of the relative importance of the differ-
ent sources of IGF-1.

Changes in s-IGF-I levels in relation to previous studies
and significance of favorable clinical outcome
Our main finding is that AIGF-1 is associated with favorable
outcome both 3 months and 2 years post-IS, although the
association with functional outcome after 2 years loses sig-
nificance after adjustment for initial stroke severity. In a
previous smaller study (N=15), a decrease in IGF-I level
during the first week of stroke was associated with shorter
length of stay, greater independence at 1 month (mRS), and
discharging to home vs. remaining as an inpatient [6]. As
compared to the study of Mattlage and coworkers, our
study has a wider range of first days of sampling and a con-
siderably later time-point for the second sample (3 months).
While the variation of the first day of sampling is a weak-
ness in the present study, we have partly addressed this
problem by correcting for this parameter in the multivariate
regression analysis (Fig. 3, ¢ and d, model 4) and by exclud-
ing Days 0-2, resulting in somewhat stronger associations
between AIGF-I and favorable functional outcome (mRS
0-2). Thus, the combined results of the present and the
previous studies clearly suggest that a post-stroke decrease
in the level of s-IGF-I is associated with improved clinical
outcome after IS.

In the present study, the largest beneficial effects (ORs)
observed for AIGF-I were in AIGF-1-q3 (for 3-month out-
comes) and in AIGF-I-q5 (for 2-year outcomes), which
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correspond to decreases in s-IGF-I of 13.5 and 35.7%, re-
spectively (Table 1). These relatively substantial changes in
s-IGF-I support the notion that s-IGF-I plays a role in
stroke pathophysiology and rehabilitation. In terms of the
crude unadjusted data, 42.3% of the patients who showed
an increase in s-IGF-I (AIGF-I-ql) had an unfavorable
3-month functional outcome, as compared to 12.7-20.3%
of those patients who showed a decrease in s-IGF-I (g3 -
g5 of AIGF-I). These are rather large differences, as an un-
favorable outcome (mRS 3-6) means that the patient is
requires assistance with daily living activities. Further-
more, the differences in associations noted between q3
and g5 for AIGF-I- and mRS 0-2 are overall rather small.
Our most important finding is that decreases in s-IGF-I
levels contrast with no change or an increase in the
post-stroke level of s-IGF-I with respect to outcome.
However, this needs to be evaluated in greater detail in
larger clinical studies.

Strengths and limitations

The methodological strengths of this study include con-
secutive recruitment of well-characterized patients with
IS. Another advantage is the high hospitalization rate
(84-95%) for stroke patients in Sweden [24], which has
among the highest rates in Europe [25]. The relatively
young age of the participants in the present study (mean
age, 55 years), as compared to the mean age of all pa-
tients with IS in Sweden (approximately 76 years [26]),
facilitated follow-up, with very few drop-outs and few
cases of fatality, although it somewhat disfavored the inclu-
sion of the bulk of cases of IS etiology, i.e., IS due to cardio-
vascular causes. In addition, the inclusion of patients of
young age favored the inclusion of less-severe cases of IS.
The fact that few patients were lost to follow-up makes
other selection biases unlikely. The fact that the patients
were recruited between 1998 and 2003 means that very few
patients received thrombolysis (local arterial, N =4, intra-
venous, N = 0) and that more of the patients received previ-
ous treatment with warfarin (N'=41) than is currently the
case. Another drawback of this study is that there is no
analysis of exact stroke volumes, although baseline
stroke severity can be used as a marker of stroke lesion
volumes with correlation coefficients of 0.62—-0.64 [27, 28].
In addition, we chose to include only those patients for
whom there was a complete dataset for both the subacute
and 3-month s-IGF-I, giving 354 subjects, as compared to
the 407 subjects in our previous report [5]. We do not
believe that this introduced any systematic bias, given that
the cardiovascular covariates, acute and 3-month s-IGF-I
levels, and the 3-month and 2-year mRS scores were
comparable to those previously reported [5] (see also
the Additional file 2: Table S1). Other weaknesses in-
clude the relatively small sample size and the lack of
replication in a different geographic area.
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Conclusions

Decreasing levels of s-IGF-I show clear associations with
favorable outcome at 3 months and 2 years after IS, sug-
gesting that the dynamics of IGF-I regulation is of im-
portance, independent of the actual s-IGF-I levels. After
adjustment for initial stroke severity, the 3-month associ-
ation remained statistically significant, whereas the 2-year
association lost significance. Thus, the changes in s-IGF-I
levels are associated primarily with the temporally close
(3-month) outcomes, while the associations with long-term
(2-year) outcomes are weakened and attenuated by other
factors. The post-stroke changes in the levels of s-IGF-I are
compatible with a positive role for IGF-I in IS recovery,
although the exact mechanisms are uncertain and probably
reflect certain combinations of different factors. Explor-
ation of the causality warrants further studies involving
intra-individual serial analyses of IGF-I levels in the serum
and CSF of patients who have suffered an IS.
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