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Background: Total cholesterol is significantly associated 
with increased risk of ischemic stroke. Patients with ische- 
mic stroke and high cholesterol levels may show better 
functional outcome after rehabilitation.
objectives: To study the possible interrelations between 
hypercholesterolemia and functional outcome in elderly 
survivors of ischemic stroke. 
Methods: We conducted a retrospective chart review study of 
consecutive patients (age ≥ 60 years) with acute stroke admitted 
to a geriatric rehabilitation ward in a university-affiliated 
hospital. The presence or absence of hypercholesterolemia 
was based on registry data positive for hypercholesterolemia, 
defined as total cholesterol ≥ 200 mg/dl (5.17 mmol/L). 
Functional outcome of patients with hypercholesterolemia 
(Hchol) and without (NHchol) was assessed by the Functional 
Independence Measurement scale (FIMTM) at admission and 
discharge. Data were analyzed by t-test and chi-square test, as 
well as linear regression analysis. 
results: The complete data for 551 patients (age range 
60–96 years) were available for final analysis; 26.7% were 
diagnosed as having hypercholesterolemia. Admission total 
FIM scores were significantly higher in patients with Hchol 
(72.1 ± 24.8) compared with NHchol patients (62.2 ± 24.7) (P 
< 0.001). A similar difference was found at discharge (Hchol 
90.8 ± 27.9 vs. NHchol 79.7 ± 29.2, P < 0.001). However, total 
FIM change upon discharge was similar in both groups (18.7 
± 13.7 vs. 17.6 ± 13.7, P = 0.4). Regression analyses showed 
that high Mini Mental State Examination scores (β = 0.13, P 
= 0.01) and younger age (β = -0.12, P = 0.02) were associated 
with higher total FIM change scores upon discharge. Total 
cholesterol was not associated with better total FIM change 
on discharge (β = -0.012, P = 0.82).
conclusions: Elderly survivors of stroke with Hchol who 
were admitted for rehabilitation showed higher admission 
and discharge FIM scores but similar functional FIM gains 
as compared to NHchol patients. High cholesterol levels 
may be useful in identifying older individuals with a better 
rehabilitation potential.
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aBstract:

FIM = Functional Independence Measurement
Hcol = hypercholesterolemia
NHchol = non-hypercholesterolemia

a  nationwide Israeli study conducted in 2004 documented 
the high burden associated with acute stroke [1] and esti-

mated that about 13,000 people are admitted annually due to 
acute stroke. A 5-year survey of survival after stroke in Israel 
did not find any association between cardiovascular risk fac-
tors and mortality [2], yet high total cholesterol levels were 
shown to increase the relative risk of mortality from ischemic 
stroke by 11% in an Israeli male population [3]. 

The interrelations between stroke and cholesterol are com-
plex and contain several paradoxes. In subjects older than 
75 years, being in the lowest quartile of cholesterol level is 
associated with increased mortality [4], and levels below 189 
mg/dl have been suggested as an early sign of unidentified 
comorbidity or of a rapid functional decline [5]. In contrast 
to the well-established association of various lipids levels and 
coronary heart disease [6], the epidemiological evidence con-
necting lipid levels with increased risk of ischemic stroke is 
less clear. Some studies found increased risk of ischemic stroke 
associated with increased total cholesterol levels [7], while oth-
ers failed to show a clear association [8]. Another intriguing 
aspect of the relationship between total cholesterol and stroke 
is the possible prognostic value of total cholesterol levels in 
the period following acute ischemic stroke. To date, only a 
few studies on the effect of total cholesterol on survival after 
stroke have been published and they yielded different results. 
Censori et al. [9] showed that total cholesterol levels were not 
associated with short-term outcome in terms of disability and 
death, while Dyker and colleagues [10] reported an inverse 
association between lower total cholesterol levels and 3-month, 
but not 30-day, total mortality. More recently it has been shown 
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that high total cholesterol levels were associated with better 
prognosis in the early stage (first month) following ischemic 
stroke [11]. A 10-year follow-up study of ischemic stroke con-
cluded that higher total cholesterol levels were associated with 
less severe stroke as well as with reduced mortality rates [12]. 
Moreover, compared to patients with normal cholesterol levels, 
those with high cholesterol levels in the first month following 
ischemic stroke had a 2.2-fold lower risk of death [11]. This last 
study evaluated the functional outcome of stroke patients with 
hypercholesterolemia and suggested that higher levels of cho-
lesterol are associated with a better outcome in the early phase 
after ischemic stroke. However, that study comprised relatively 
young stroke patients (mean age < 63), reported function only 
one month following stroke, was not conducted in a rehabili-
tation setting and did not evaluate rehabilitation outcome in 
terms of a standardized functional score system. Therefore, the 
purpose of the present study was to investigate the possible 
relationship of hypercholesterolemia and functional outcome 
as evaluated by the Functional Independence Measure, con-
trolling for the presence of some prevalent comorbidities char-
acteristic of these patients. In accordance with previous studies, 
we hypothesized that ischemic stroke patients with high total 
cholesterol levels might show a better functional outcome as 
compared with non-hypercholesterolemic patients. 

Patients and MetHods

The study included 603 consecutive patients with acute 
stroke. Patients were admitted to the department of geriatric 
rehabilitation over a 48-month period (1 January 2004 – 31 
December 2007) after a short stay in the departments of 
internal medicine or neurology. Primary inclusion criteria 
included stable medical status, enabling active rehabilitation 
treatment. Patients aged 60 years or older, with length of stay 
in the rehabilitation ward of less than 7 days (assuming that 
the extent of rehabilitation in such a short period is limited), 
residual brain damage due to infection, trauma or surgery, 
and patients with space-occupying lesions or hemorrhagic 
stroke were excluded. Deceased patients (n=23) were also 
excluded due to incomplete data (e.g., FIM on discharge). 
Stroke was diagnosed on the basis of clinical presentation of 
acute onset of focal neurological signs. Computed tomogra-
phy or magnetic resonance imaging scans were performed 
in all cases to confirm the presence and nature of ischemic 
stroke. The presence or absence of hypercholesterolemia 
(total cholesterol ≥ 200 mg/dl, 5.17 mmol/L) was based on 
registry data positive for hypercholesterolemia (ICD 9 code 
272.0). This registry data-recording system did not allow 
analysis of cholesterol levels as continuous variables. 

The presence of other relevant risk factors such as arterial 
hypertension, ischemic heart disease (manifested as stable 
or unstable anginal syndrome), atrial fibrillation, previous 

stroke and diabetes mellitus were established by the medi-
cal history obtained during an interview of patients and/or 
caregivers, and a complete physical examination, as well as by 
the use of medical file codes from the International Coding 
of Diseases, 9th Revision (ICD-9).

setting and Procedure

In this retrospective chart review study we evaluated the possible 
associations between cholesterol status in stroke patients and their 
functional outcomes at discharge. The geriatric rehabilitation 
department is a 36-bed unit. This ward uses an interdisciplinary 
team approach, whereby medical personnel (physicians; nurses; 
physical, occupational and speech therapists; social workers; and 
psychologists) meet twice a week to evaluate the status of each 
patient. During these meetings, treatment plans are established 
and monitored. The patients undergo, on average, 6 hours of 
physical therapy and 6 hours of occupational therapy a week, 
and additional rehabilitation treatment as needed. Each patient 
was evaluated twice (on admission and discharge) for level of 
disability, by the FIM scale [13]. This tool is widely used to rate 
patients' performances on 18 activities of daily living. Total FIM 
scores range between 18 (reflecting complete dependence in all 
functional skills) and 126 (reflecting complete independence in 
all functional skills). In addition we calculated motor FIM, which 
consists of the 13 motor items of this scale (without the cogni-
tive FIM items). Motor FIM score therefore ranges between 13 
(minimum) and 91 (maximum) points. We also calculated FIM 
gain (total and motor) and daily FIM gain (total and motor). All 
patients were also evaluated for their cognitive level by the Mini 
Mental State Examination [14].

data analysis

Comparisons between patients with and without hyperchol- 
esterolemia were performed for a list of clinical and functional 
measures using t-tests for continuous variables and chi-square 
tests for dichotomous variables. Multiple linear regression 
analysis was performed to assess the independent associations of 
serum cholesterol status and demographic and clinical charac-
teristics with total functional outcome by motor, total and FIM 
gain scores at discharge and with change in total functional out-
come between admission and discharge. A P value ≤ 0.05 was 
considered statistically significant. All statistical analyses were 
performed using the SPSS system for Windows, version 10.0.1.

results

The data of 603 consecutive patients (age range 60–96 years) 
admitted with acute stroke were available. Fifty-two patients 
were excluded due to age < 60 years, non-ischemic nature of 
stroke, ward stay < 7 days, or death. The remaining 551 patients 
with a recent acute ischemic stroke were included in the final 
analysis. The clinicodemographic characteristics of these 
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score (β = 0.41, P < 0.001) is a significantly predictive factor of 
higher total FIM scores at discharge, while high total choles-
terol predicts a higher total FIM score at discharge (β = 0.11, 
P = 0.02) [Table 3].

As shown in Table 4, total FIM change was independently, 
and inversely, associated with age (β = -0.12, P = 0.02), while 
higher MMSE score (β = 0.13, P < 0.013) is a significantly 
predictive factor of higher total FIM change at discharge. 
Total cholesterol did not predict a higher FIM change at 
discharge (β = -0.012, P = 0.82).

discussion 

The main finding of this study was that the overall functional 
outcome of elderly stroke survivors was better for hypercho-
lesterolemic patients, compared with those who were not. 
Total and motor absolute scores at admission and discharge 
were higher in such patients. However, both motor and total 

patients are shown in Table 1. Mean age was 74.6 ± 9.2 years 
and most (58.4%) of the patients were male. Only 26.7% of the 
patients were hypercholesterolemic. There was a statistically 
significant difference between patients with Hchol (n=147) and 
the remaining patients (n=404) by age (P < 0.001), male gender 
(P = 0.05), diabetes mellitus (P = 0.002), arterial hypertension 
(P < 0.001) and atrial fibrillation (P = 0.04) [Table 1]. 

Patients with Hchol had statistically significant higher total 
FIM scores at admission (P < 0.001) and discharge (P < 0.001) 
compared with NHchol. These patients also had statistically 
significant higher motor FIM scores on admission (P < 0.001) 
and discharge (P < 0.001) [Table 2]. However, there was no 
statistically significant difference between the NHchol and the 
Hchol group in total and motor FIM change [Table 2]. We also 
performed multiple linear regression analysis to test the net 
effect of predictors on total FIM and on change in total FIM 
at hospital discharge. The results show that a higher MMSE 

MMSE = Mini Mental State Examination

variables all patients nHchol Hchol P value

Sample size, n (%) 551 404(73.3) 147(26.7)

Age (yrs, mean ± SD) 74.6 ± 9.2 75.5 ± 9.3 72.1 ± 8.6 < 0.001*

Gender (male %) 58.40 60.90 51.70 0.05†

Length of stay (days,  
mean ± SD) 

46.6 ± 26.8 47.6 ± 27.1 43.8 ± 25.8 0.1*

Diabetes (%) 38.80 34.90 49.70 0.002†

Hypertension (%) 67 62.40 79.60 < 0.001†

Ischemic heart disease (%) 30.90 31.20 29.90 0.7†

Atrial fibrillation (%) 16.20 18.10 10.90 0.04†

Previous stroke (%) 19.80 20.80 17 0.3†

MMSE score (mean ± SD) 22.4 ± 5.4 22.1 ± 5.6 23.0 ± 4.9 0.1*

*Based on two-tailed Student’s t-test
†Based on chi-square test
NHchol = non-hypercholesterolemia, Hchol = hypercholesterolemia, MMSE 
= Mini Mental State Examination

table 1. Clinical and cognitive characteristics of patients

variables nHchol Hchol P value

Admission total FIM (mean ± SD) 62.2 ± 24.7 72.1 ± 24.8 < 0.001

Discharge total FIM (mean ± SD) 79.7 ± 29.2 90.8 ± 27.9 < 0.001

Change in total FIM (mean ± SD) 17.6 ± 13.7 18.7 ± 13.7 0.4

Admission motor FIM (mean ± SD) 39.9 ± 18.4 46.8 ± 19.0 < 0.001

Discharge motor FIM (mean ± SD) 55.9 ± 22.2 64.2 ± 21.9 < 0.001

Change in motor FIM (mean ± SD) 15.9±11.9 17.4±12.4 0.1

*Based on two-tailed Student’s t-test 
NHchol = non-hypercholesterolemia, Hchol = hypercholesterolemia, FIM = 
functional independence measurement

table 2. Functional characteristics of patients by total cholesterol

independent predictors Beta P value*

Total cholesterol -0.012 0.82

Age -0.12 0.02

Gender 0.064 0.22

Hypertension 0.038 0.46

Diabetes -0.052 0.31

Atrial fibrillation -0.058 0.26

Ischemic heart disease 0.031 0.54

Parkinson 's disease -0.09 0.078

Previous stroke -0.081 0.12

MMSE score 0.13 0.013

independent predictors Beta P value*

Total cholesterol 0.11 0.02

Age -0.17 < 0.001

Gender -0.006 0.89

Hypertension 0.054 0.23

Diabetes -0.027 0.56

Atrial fibrillation -0.02 0.75

Ischemic heart disease 0.027 0.55

Parkinson 's disease -0.061 0.18

Previous stroke 0.022 0.62

MMSE score 0.41 < 0.001

*Based on multiple regression analysis
MMSE = Mini Mental State Examination

*Based on multiple regression analysis

MMSE = Mini Mental State Examination

table 3. Analysis of factors predicting total FIM at discharge

table 4. Analysis of factors predicting total FIM change at discharge
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of 200 mg/dl for total cholesterol may be argued, although it 
is commonly used in clinical practice. Using cholesterol as 
a dichotomous variable makes it impossible to rule out that 
some patients classified as "normal cholesterol" may have very 
low levels associated with poor nutrition. In addition, despite 
a careful adjustment made for important confounders, still 
others could have been considered. In particular, the data did 
not allow analysis of cholesterol levels (or its sub-fractions) 
as continuous variables, and did not consider pre-stroke cho-
lesterol status or a possible change in cholesterol over time. 
We also did not incorporate any data of cholesterol-lowering 
medications. Moreover, generalizability to other populations 
rather than elderly stroke patients may be limited. A vali-
dation study of registry data, including accuracy of source 
documents and the level of skill and care applied in abstract-
ing data, was not performed. Finally, longitudinal follow-up 
data would contribute to a better understanding of the inter-
relations between cholesterol and function in later stages. 
Despite these limitations, the present study is advantageous 
in the sense that it comprised a large sample of patients, all 
of whom underwent a similar rehabilitation program in a 
dedicated ward designed to treat elderly stroke patients, thus 
decreasing any degree of selection bias and increasing the 
validity of the study. 

We conclude that functional outcome in elderly survi-
vors of acute ischemic stroke undergoing rehabilitation is 
slightly more favorable in hypercholesterolemic patients, 
independently of a large number of prognostic factors. High 
cholesterol levels might also be useful in identifying older 
individuals with a better rehabilitation potential. Further 
studies are needed to confirm our observation.
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Possible limitations of our study are its retrospective 
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survivors of acute ischemic stroke, which does not allow 
for the establishment of a cause-effect relationship between 
hypercholesterolemia and functional outcome. The cutoff line 
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Decreased cardiac contractility is a central feature of systolic 
heart failure. Existing drugs increase cardiac contractility 
indirectly through signaling cascades but are limited by 
their mechanism-related adverse effects. To avoid these 
limitations, we previously developed omecamtiv mecarbil, 
a small-molecule, direct activator of cardiac myosin. Malik 
et al. show that it binds to the myosin catalytic domain and 
operates by an allosteric mechanism to increase the transition 
rate of myosin into the strongly actin-bound force-generating 

state. Paradoxically, it inhibits adenosine 5´-triphosphate 
turnover in the absence of actin, which suggests that it 
stabilizes an actin-bound conformation of myosin. In animal 
models, omecamtiv mecarbil increases cardiac function by 
increasing the duration of ejection without changing the rates 
of contraction. Cardiac myosin activation may provide a new 
therapeutic approach for systolic heart failure.

Science 2011; 331: 1439
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cardiac myosin activation as a potential therapeutic approach for systolic heart failure

Peripheral nerves show some ability to regenerate after 
damage, but it is not an easy process. When an axon is 
severed, the neuronal cell body must convert the remaining 
axon stump into a developing axon with a growth cone. 
Then the axon must find its way past the damaged region 
and on to its original target, along the way contending with 
disrupted tissues, inhibitory signals, and an absence of the 
developmental signals that built the connection in the first 
place. In crayfish, earthworm and leech, the tip of a severed 
axon can actually fuse with the distal remainder of the axon, 
leapfrogging over regeneration hurdles. Neumann et al. show 
that axons severed by lasers in the nematode Caenorhabditis 

elegans can fuse and reestablish function. As the axon 
stumps regenerated, they often came into contact with the 
distal remainder, which could then be reincorporated into 
neuronal function. The membranes fused and cytoplasmic 
movements connected pre- and post-injury portions of the 
axon. Without such contact, the distal remainder degenerated 
and disappeared. When more than one axon was severed, 
the axons usually found the correct partners. The molecular 
cues that help a growth cone identify its fusion partner 
remain to be elucidated. 

Dev Dyn 2011; 240: 10.1002/dvdy.22606 
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