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Abstract

Background

Acute stroke results in functional disability measurable using the well-known Barthel Index.
The objectives of the study are to describe the change in the Barthel Index score and to
model the prognostic factors for Barthel Index change from discharge up to 3 months post-
discharge using the random intercept model among patients with acute first ever stroke in
Kelantan, Malaysia.

Methods

A total 98 in-hospital first ever acute stroke patients were recruited, and their Barthel Index
scores were measured at the time of discharge, at 1 month and 3 months post-discharge.
The Barthel Index was scored through telephone interviews. We employed the random
intercept model from linear mixed effect regression to model the change of Barthel Index
scores during the three months intervals. The prognostic factors included in the model were
acute stroke subtypes, age, sex and time of measurement (at discharge, at 1 month and at
3 month post-discharge).

Results

The crude mean Barthel Index scores showed an increased trend. The crude mean Barthel
Index at the time of discharge, at 1-month post-discharge and 3 months post-discharge
were 35.1 (SD = 39.4), 64.4 (SD = 39.5) and 68.8 (SD = 38.9) respectively. Over the same
period, the adjusted mean Barthel Index scores estimated from the linear mixed effect
model increased from 39.6 to 66.9 to 73.2. The adjusted mean Barthel Index scores
decreased as the age increased, and haemorrhagic stroke patients had lower adjusted
mean Barthel Index scores compared to the ischaemic stroke patients.
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Conclusion

Overall, the crude and adjusted mean Barthel Index scores increase from the time of dis-
charge up to 3-month post-discharge among acute stroke patients. Time after discharge,
age and stroke subtypes are the significant prognostic factors for Barthel Index score
changes over the period of 3 months.

Introduction

Acute stroke results in neurological, functional and cognitive disability [1-4]. The disability
which affects the basic activities of daily living (ADL) post stroke can be measured using the
Katz index of ADL, the functional independence measure and the Barthel Index. The Barthel
Index has become the most commonly used outcome measure for disability [5], and is useful
especially as a simple index in scoring improvement in rehabilitation. It is a scale that describes
ten tasks and is scored according to amount of time or assistance required by the patient
(index of independence) [6] and has excellent reliability [7] in an adult rehabilitation setting
[8]. In contemporary stroke trials, the Barthel Index is the second most frequently used func-
tional outcome measure behind the Modified Rankin scale [6, 9].

Studies on recovery after acute stroke have shown that the most useful prognostic factors
are sex [10-12], age [13-17], stroke severity [18, 19], size of the stroke [14, 20, 21] and stroke
subtype [22-24]. However, a drawback of previous studies has been is that they employed a
cross-sectional study design or assumed independence or non-correlated errors in a longitudi-
nal study design-which is not always valid. Serial data to examine disease or outcome trajecto-
ries should be analysed using specific methods such as linear mixed effect models [4, 25],
which is the method used in this article.

In this study, we have the following research questions: a) how do Barthel Index scores
change from the time of discharge to 1-month and 3-months post-discharge? b) Do time after
discharge, age, sex and stroke affect the change of Barthel Index scores after discharge?

The aims of the study are, firstly: to describe the Barthel Index scores at the time of dis-
charge, at 1-month and 3-month post-discharge and secondly; to model the prognostic factors
(time after discharge, age, sex and stroke subtypes) for change in the Barthel Index score over a
period of 3 months in acute first-ever acute stroke patients.

Methods
Patients

This was a retrospective cohort study, conducted between 1 July 2013 and 31 October 2014.
We recruited 108 consecutive acute first ever stroke patients who were diagnosed and admit-
ted in two major tertiary hospitals in Kelantan, Malaysia: a) Hospital Universiti Sains Malaysia
(HUSM) and b) Hospital Raja Perempuan Zainab II (HRPZ) during the study period.

From 108 patients, 98 patients were eligible for the study after they met the following inclu-
sion criteria: a) if acute stroke was the primary diagnosis for hospital admission, b) age
was > 18 years, c) if the acute stroke diagnosis was established by the neurology team, d) they
were diagnosed and admitted between 1 July 2013 and 31 October 2014 and e) the acute stroke
subtype was limited to: i) ischaemic stroke (infarction of the central nervous system) or ii) hae-
morrhagic stroke (spontaneous non-traumatic haemorrhage) [26]. The exclusion criteria were
non-Malaysian nationality, diagnosis of recurrent stroke or failure to give the consent for the
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Assessed for eligibility (n=108)

L = 10 patients did not

fulfil the criteria
\4

Consent obtained and recruited (n=98)

) £
Interview 1: Barthel Index at discharge (n=98)

= » 10 died + 2 patients
v uncontactable

Interview 2: Barthel Index at 1-month post-discharge (n=86)

—» 3died + 1 patient

v uncontactable

Interview 3: Barthel Index at 3-months post-discharge (n=82)

v

Analysis using the random intercept model

Note:

1 81 patients have Barthel Index score at discharge, at 1-month and at 3-month post-
discharge (no missingness)

2: 11 patients have Barthel Index score at discharge only (missing at 1 month and 3 months)

3. 1 patient has Barthel Index score at discharge and at 3-month post-discharge (missing at
1 month)

4. 5 patients have Barthel Index score at discharge and at 1-month post-discharge (missing
at 3 months)

5. Random intercept model is a special case of linear mixed effect models (/me). One

advantage of /me is that it uses pairwise deletion rather than listwise deletion as in
repeated measure ANOVA

Fig 1. Study sample. 108 patients were assessed for eligibility. Ten patients did not fulfil the study criteria and ten died
between discharge and one month post discharge. Three more patients died between discharge and three months.

https://doi.org/10.1371/journal.pone.0208594.9001

study. The rest, (n = 10 patients) were excluded because they did not have definitive diagnosis
of either ischaemic or haemorrhagic stroke (see Fig 1).

Barthel Index

The Barthel Index is a scale that indicates the ability to perform a selection of activities of daily
living. It comprises 10 items (tasks), with total scores ranging from 0 (worst mobility in activities
of daily living) to 100 (full mobility in activities of daily living) [6] and it has adequate clini-
metric (quality of clinical measurements) properties in stroke rehabilitation [26]. In the index,
the 10 items have these scoring combinations: a) 0 and 5,b) 0, 5 and 10, or ¢) 0, 5, 10 and 15.
These items in the Barthel Index address a patient’s ability in feeding, bathing, grooming, dress-
ing, bowel and bladder control, toileting, chair transfer, ambulation and stair climbing [27].

We treated the Barthel Index scale as a numerical scale rather than categorising it-because
of the lack of consistency in selecting appropriate cut-off points for Barthel Index and reduc-
tion in information as a result of categorization [28-31].

Interview

Each patient was interviewed three time: at discharge, at 1-month post discharge and at
3-month post-discharge (see Fig 1). At the time of discharge, the patient was still in the hospital
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and Barthel Index scores were elicited in the ward by visual inspection and face-to-face inter-
view by the physician in-charge. At 1-month and 3-month post-discharge, the Barthel Index
was scored using telephone-assisted interviews by a trained stroke nurse. A telephone-assisted
interview for Barthel Index has these advantages: a) it is reliable and valid [32, 33], b) it can be
used for proxies -such as carers- and lay persons [34-36]. A study has shown that there is no
comparative difference between the Barthel Index administered via face to face versus via tele-
phone interview [19]. Eliciting information from a proxy (usually the next of kin) in stroke
studies is accurate [37] and has been used in the INTERSTROKE study (a large stroke study)
[38].

Prognostic factors

There were four prognostic factors in this study: time after discharge (time), age, sex and acute
stroke subtypes.

There were three measurements of Barthel Index: a) at discharge, b) at 1-month post-dis-
charge and c) at 3-month post-discharge. We chose 3 months as the maximum length of fol-
low-up because the most significant recovery from neurological deficits after a stroke occurs
during the first 3 months or 10 weeks [39, 40].

Neither hospital from which we recruited patients in our study had electronic medical
record facility. Data for prognostic factors (sex, age and stroke subtypes) were abstracted by
hand from the medical records by KIM. Stroke subtypes were recorded by a radiologist as
either acute ischaemic or acute haemorrhagic stroke, age was recorded as the age of admission
and sex as either male or female. Possible important prognostic factors such as depression,
medical comorbidities and stroke location were not abstracted due to a significant number of
missing information.

Statistical analysis

Our study sample comprised 98 patients. All patients had the Barthel Index score at discharge.
Between discharge and 1-month post discharge 10 patients died and 2 patients were uncon-
tactable. Three more patients died between 1-month post-discharge and 3-month post dis-
charge (see Fig 1). Eleven patients had missing Barthel Index score both at 1 month and 3
months post-discharge, one had missing score at 1 month only and 5 patients had missing
score at 3 months only. And at 3 months, there were 16 patients with missing scores because
13 died and 3 patients were uncontactable. Hence, there were Barthel Index scores from 98, 86
and 82 patients, at discharge, 1-month post-discharge and 3-month post-discharge, respec-
tively (Fig 1). Three patients had a mixed ischaemic and haemorrhagic stroke in the diagnosis
and were labelled as missing stroke subtype.

The Barthel Index scores, age, sex and stroke subtypes were described using mean and SD
for numerical variables or frequency and percentages (%) for categorical variables. Because the
values of Barthel Index were different each time they were measured (at discharge, at 1-month
and 3-month post-discharge), data of this kind (longitudinal data) require a method of analysis
that takes account of the correlation between repeated measurements on the same patient. We
used a linear mixed effect model (Ime) [25, 41], specifically a random intercept model imple-
mented with the ‘/me’ function in the ‘nlme’ package in R software [41], to analyse data from
the 98 patients (with at least Barthel Index at discharge) who survived for at least 1 month
post-stroke. Models with the main effect variables and 2-way interaction terms for the mean
Bartel index were compared using the likelihood ratio (LR) tests. The level of statistical signifi-
cance was set at p-value <0.05.
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Table 1. Characteristics of study participants.

Characteristics Types n Male, n(%) Female, n(%) All, n(%)
Stroke subtype N 70 27 (81.8) 43 (69.4) 70 (73.7)
Hs® 25 6 (18.2) 19 (30.6) 25 (26.3)
Mean Age (SD) Years 98 59.8 (12.6) 61.2 (14.2) 60.7 (13.6)
At discharge Alive 98 34 (100.0) 64 (100.0) 98 (100)
At 1 month after discharge Alive 88 28 (82.3) 60 (93.7) 88 (89.7)
Dead 10 6(17.7) 4(6.3) 10 (10.3)
At 3 months after discharge Alive 83 27 (79.4) 56 (90.3) 83 (86.5)
Dead 13 7 (20.6) 6(9.7) 13 (13.5)

IS = Ischaemic Stroke

® HS = Haemorrhagic Stroke

https://doi.org/10.1371/journal.pone.0208594.t001

Ethical approval and informed consent

This study received ethical approval from i) the Medical and Research Ethics Committee
(MREC), Ministry of Health, Malaysia (NMRR-12-471-12139), ii) the USM Human Research
Ethics Committee (HREC), Universiti Sains Malaysia (JEPEM [242.4.(1.4)]) and iii) the Lan-
caster University Research Ethics Committee.

We obtained written informed consent from all patients for this study. The capacity to con-
sent was determined by the physician in-charge. In situation where the patients were deemed
unfit by the physician, to provide written informed consent, the A carer who was the first-
degree relative could provide consent on behalf of the patient.

Results

The mean age of patients (n = 98) at baseline was 60.7 years. There were 34.7% (34/98) male
and 65.3% (64/98) female patients. The female patients were slightly older (61.2 years) than the
male patients (59.8). Ischaemic stroke patients comprised of 73.7% (70/95) of all patients in
this study.

Table 1 shows that during the follow-up period, 13 patients died. Of those who died, 10 did
so between the time of discharge and 1-month post-discharge, and 3 patients died between
1-month and 3-month post-discharge.

In Table 2, the crude mean Barthel Index scores increase from 35.1 (SD = 39.4), to 64.4
(SD =39.5) at 1-month and to 71.5 (SD = 38.9) at 3-month post-discharge. The mean Barthel
Index score is lower at the time of discharge in females (mean = 31.6) than in males (mean =
41.8). At 1-month post-discharge, the scores for the females and males are almost similar
(mean = 63.9 vs 65.6). The mean Barthel Index score at the time of discharge for the

Table 2. Barthel Index scores. The scores at discharge, at 1-month and at 3-month post-discharge.

Patients n At discharge n At 1 month n At 3 months
Mean (SD) Mean (SD) Mean (SD)
All 98 35.1(39.4) 86 64.4 (39.5) 82 71.5 (38.9)
Male 34 41.8 (42.4) 27 65.6 (41.3) 27 78.0 (34.6)
Female 64 31.6 (37.5) 59 63.9 (39.0) 55 68.3 (40.8)
Ischaemic stroke 70 41.9 (40.7) 61 63.0 (40.6) 57 70.3 (39.3)
Haemorrhagic Stroke 25 15.0 (27.2) 23 66.3 (38.1) 23 72.0 (39.6)

https://doi.org/10.1371/journal.pone.0208594.t1002
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Table 3. The estimated parameters. The four models (1 to 4) are estimated from linear mixed models.

Model n Covariates Levels Beta SE p-value
1 98 Time® At discharge 35.10 3.95 <0.001
1 month 62.44 4.09 <0.001
3 months 68.82 4.14 <0.001
2 98 Time + Age At discharge 35.11 3.81 <0.001
1 month 62.37 3.96 <0.001
3 months 68.77 4.00 <0.001
Age -0.80 0.25 0.002
3 95 Time + Stroke subtype” At discharge 36.86 4.56 <0.001
1 month 64.21 4.69 <0.001
3 months 70.45 4.75 <0.001
HS® -7.66 8.20 0.353
4 95 Time + Age + Stroke subtype® At discharge 39.64 4.44 <0.001
1 month 66.89 4.57 <0.001
3 months 73.18 4.62 <0.001
Age -0.94 0.27 0.001
HS¢ -16.77 8.22 0.044

* Time is treated as dummy variables (at discharge, at 1-month post-discharge and at 3-month post-discharge
® Stroke subtype = Haemorrhagic stroke (HS) vs Ischaemic Stroke (IS)

¢ HS = Haemorrhagic stroke

https://doi.org/10.1371/journal.pone.0208594.t003

haemorrhagic stroke patients is lower (mean = 15.0) than that for ischaemic stroke patients
(mean = 41.9). The scores then increase more than 4-folds between the time of discharge and
1-month post-discharge for both stroke subtypes.

Table 3 shows four models (estimated from Ime function in R) based on the combination of
prognostic factors: measurement of time (Model 1), measurement of time + age (Model 2),
measurement of time + stroke subtype (Model 3) and measurement of time + age + stroke sub-
type (Model 4). The adjusted Barthel Index scores at the time of discharge, at 1-month and
3-month post-discharge increase in trend (all models). Age is inversely related to the Barthel
Index score in Model 2 and Model 3. The adjusted mean Barthel Index scores for haemorrha-
gic stroke are lower than for ischaemic stroke in Model 3 and Model 4.

Table 4 also shows the results of the fitting model with interaction terms. In Model 5, the
covariates are the measurement of time + age + measurement of time x age. Model 6 on the
other hand, contains the measurement of time + age + stroke subtype + age x stroke subtypes.
Based on the LR test, adding the interaction terms (Model 5 and Model 6) have failed to signif-
icantly improve Model 4 (p = 0.123 and 0.535, respectively) further.

Fig 2 shows the fitted Barthel Index (the straight line) score for the three months’ interval
estimated from Model 4 (covariates are time, age and stroke subtypes). Overall, the scores
show an overall increase in the functionality based on the Barthel Index over time. The first
Barthel Index score was assessed at discharge (time = 1). The second score was assessed at 1
month after discharge (time = 2) and the final score was taken at 3 months after discharge
(time = 4). No Barthel Index score assessment is performed at 2 months after the baseline.

Next, we obtained the fitted Barthel Index scores for patients Ischaemic Stroke (IS) and
Haemorrhagic Stroke (HS) based on Model 4. The fitted Barthel Index scores for IS are consis-
tently higher (better) than patients with HS (red line) (Fig 3). Both show an overall improve-
ment in the Barthel Index over time.
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Table 4. The linear mixed models with the interaction term as the covariate. The p-values are >0.050 which support the exclusion of the interaction term from Model

5 and Model 6.
Model n Covariates Variable Beta SE p-value®
5 98 time® + age + At discharge 35.11 3.83 0.123
agextime 1 month 62.31 3.97
3 months 68.69 4.02
age -0.72 0.28
1 month x age -0.13 0.25
3 months x age -0.15 0.25
6 95 time® + age + stroke subtype + At discharge 39.90 4.43 0.535
agexstroke subtype 1 month 67.16 4.56
3 months 73.46 4.61
HS® -14.16 8.93
Age -1.03 0.30
Age x HS® 0.51 0.71

* p-values are 0.123 and 0.535, respectively. They are obtained from comparing the log-likelihood of the current model and Model 4)

® time is treated as a dummy variable (at discharge, at 1-month after discharge and at 3 months’ after discharge)

© HS = Haemorrhagic stroke vs Ischaemic stroke (reference).

https://doi.org/10.1371/journal.pone.0208594.t004

Discussion

This study has shown that in acute stroke patients, the crude Barthel Index scores increased
from the time of discharge (mean = 35.1) to 1-month (mean = 64.4) and to 3-month post-dis-
charge (mean = 71.5). Most recoveries took place between the baseline and 1 month after dis-
charge. Measurements of time, age and stroke subtype are the essential prognostic factors for
change in the Barthel Index scores.

In this study, the overall mean Barthel Index score increased by about 83.5% (from 35.1 to
64.4) and 104% (35.1 to 71.5) from the time of discharge to 1 month and from the time of dis-
charge to 3 months respectively. It suggests that substantial recovery from acute stroke had
taken place during these periods, especially between the time of discharge and 1 month. This
early recovery can be attributed to the spontaneous neurological processes [42], and this
occurs within 3 months after stroke [16]. Between 6 months and 2 years post-acute stroke, the
Barthel Index score still improves but not considerably [43].

Our results showed that age was negatively associated with the Barthel Index. The inverse
role of age on the Barthel Index is likely to be the result of various mechanisms which can be
grouped into a) selective survival and/or cohort effect, b) physiologic are-related phenomenon,
and c) increasing level of comorbidity due to ageing [44, 45]. It was likely that with the increas-
ing age, the body becomes weaker, making recovery slower, brain tissue becomes damaged,
and the protective effects of the endothelium and astrocytes in the brain are dysregulated [13]
with a consequent negative effect on the sensory-motor recovery [46]. Our findings are in line
with other studies that have shown age to be inversely associated with functionality [42, 47-
49].

Our result support previous findings that acute stroke subtype plays a vital role in func-
tional status [22, 23]. Haemorrhagic stroke was more severe due to more extensive brain injury
as a result of a) the accumulation of blood and b) brain ischaemia following the haemorrhage
[50]. Haemorrhagic stroke patients suffered more complications during in-hospital rehabilita-
tion service [22], had a higher prevalence of mental disorders [51] and experienced poorer cog-
nitive status [42] which rendeed them more vulnerable to slower recovery.
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Fig 2. The predicted Barthel Index scores. These are the predicted scores for all subjects at discharge (time = 1), at 1-month after discharge (time = 2) and
at 3-month after discharge (time = 4).

https://doi.org/10.1371/journal.pone.0208594.9g002

The strengths of our study include the fact that our follow-up was up to 3 months after the
stroke—an appropriate period for showing clinical changes in functional status—as it has been
shown that most motor recovery in stroke is often completed within 10 weeks of stroke [40].
We also employed appropriate statistical methods-in particular, the mixed effect model in the
analysis instead of ordinary least square. The latter can severely over or underestimate the vari-
ance of the regression parameters in longitudinal data, and analysis of variance methods are
not feasible for longitudinal data analysis [25].

One limitation of our study is that we took only 3 measurements over the 3-month period.
To better quantify the changes in the Barthel Index score after stroke, more measurements are
recommended during the follow-up partly because the improvements are extended until 12
months post-stroke [16]. Secondly, the sample size should be larger to accommodate more
covariates in the model. Thirdly, more data from other covariates such as psychological and
employment variables are necessary to provide more valid results.

We also recognize that the inclusion criteria were wide which increases the heterogeneity of
the study. We used telephone interview which has a a tendency to provide incomplete infor-
mation, a higher level of missing data, considerable difficulty in achieving rapport and the lack
of visual cues [52] perhaps due to aphasia or cognitive decline. This consequence of telephone
interviews were minimized by interviewing the carers. Lastly, we did not include other indices
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Fig 3. The predicted Barthel Index scores for stroke subtypes. These are the predicted scores for subjects with Haemorrhagic Stroke (HS) and Ischaemic
Stroke (IS) at discharge (time = 1), at 1-month after discharge (time = 2) and at 3-month after discharge (time = 4).

https://doi.org/10.1371/journal.pone.0208594.9003

such as Motricity Index (to measure strength of extremities after stroke) [53], Katz Index,
Functional Ambulation Classification (FAC) [54], Walking Handicap Scale (WHS) [55],
which could provide a more rounded representation of the functional and outcome
assessments.

Conclusions

The overall mean Barthel Index score increases consistently from the time of discharge to
1-month post-discharge and then to 3-month post-discharge, indicating functional recovery
in acute stroke patients. The score largely improves between the time of discharge and at
1-month after discharge (68.7% improvement) compared to between 1 month and 3 months
post-discharge (9.4% improvement). The prognostic factors for the change in Barthel Index
after acute stroke include time, age and stroke subtypes.

Supporting information

S1 File. Supporting information. The assumptions for generalized mixed effect models and
the results from generalized estimating equation (GEE).
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0208594 December 20, 2018

9/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0208594.s001
https://doi.org/10.1371/journal.pone.0208594.g003
https://doi.org/10.1371/journal.pone.0208594

®PLOS | one

Barthel Index scores from the time of discharge until 3-month post-discharge

Acknowledgments

The authors would like to thank Distinguished Professor Peter ] Diggle for his critical review
and suggestions in the statistical analysis, Dr Ozgur Asar for the technical assistance in using
the ‘linear mixed effect’ function in R, Dr Rose Izura (neurologist, Hospital Raja Perempuan

Zainab II (HRPZ II), Kota Bharu, Kelantan, Malaysia) and staff-nurse Wardah (HRPZ II) for
assisting in patient recruitment.

Author Contributions

Conceptualization: Kamarul Imran Musa, Thomas J. Keegan.
Data curation: Kamarul Imran Musa.

Formal analysis: Kamarul Imran Musa, Thomas J. Keegan.
Funding acquisition: Kamarul Imran Musa.

Methodology: Kamarul Imran Musa, Thomas J. Keegan.
Supervision: Thomas J. Keegan.

Writing - original draft: Kamarul Imran Musa, Thomas J. Keegan.

Writing - review & editing: Kamarul Imran Musa, Thomas J. Keegan.

References

1. Lisabeth LD, Sanchez BN, Baek J, Skolarus LE, Smith MA, Garcia N, et al. Neurological, functional,
and cognitive stroke outcomes in Mexican Americans. Stroke; a journal of cerebral circulation. 2014; 45
(4):1096-101. Epub 2014/03/15. https://doi.org/10.1161/strokeaha.113.003912 PMID: 24627112;
PubMed Central PMCID: PMC3966956.

2. Sharrief AZ, Sanchez BN, Lisabeth LD, Skolarus LE, Zahuranec DB, Baek J, et al. The Impact of Pre-
Stroke Depressive Symptoms, Fatalism, and Social Support on Disability after Stroke. J Stroke Cere-
brovasc Dis. 2017; 26(11):2686—-91. Epub 2017/08/05. https://doi.org/10.1016/].jstrokecerebrovasdis.
2017.06.039 PMID: 28774795; PubMed Central PMCID: PMCPMC5624842.

3. ErvastiJ, Virtanen M, Lallukka T, Friberg E, Mittendorfer-Rutz E, Lundstrom E, et al. Permanent work
disability before and after ischaemic heart disease or stroke event: a nationwide population-based
cohort study in Sweden. BMJ open. 2017; 7(9):e017910. Epub 2017/10/02. https://doi.org/10.1136/
bmjopen-2017-017910 PMID: 28965101; PubMed Central PMCID: PMCPMC5640121.

4. Dhamoon MS, Longstreth WT Jr., Bartz TM, Kaplan RC, Elkind MSV. Disability Trajectories Before and
After Stroke and Myocardial Infarction: The Cardiovascular Health Study. JAMA neurology. 2017; 74
(12):1439-45. Epub 2017/10/24. https://doi.org/10.1001/jamaneurol.2017.2802 PMID: 29059266;
PubMed Central PMCID: PMCPMC5772778.

5. SanghaH, Lipson D, Foley N, Salter K, Bhogal S, Pohani G, et al. A comparison of the Barthel Index
and the Functional Independence Measure as outcome measures in stroke rehabilitation: patterns of
disability scale usage in clinical trials. Int J Rehabil Res. 2005; 28(2):135-9. Epub 2005/05/19. doi:
00004356-200506000-00006 [pii]. PMID: 15900188.

6. Quinn TJ, Langhorne P, Stott DJ. Barthel index for stroke trials: development, properties, and applica-
tion. Stroke; a journal of cerebral circulation. 2011; 42(4):1146-51. Epub 2011/03/05. https://doi.org/10.
1161/STROKEAHA.110.598540 PMID: 21372310.

7. Duffy L, Gajree S, Langhorne P, Stott DJ, Quinn TJ. Reliability (inter-rater agreement) of the Barthel
Index for assessment of stroke survivors: systematic review and meta-analysis. Stroke; a journal of
cerebral circulation. 2013; 44(2):462—8. Epub 2013/01/10. https://doi.org/10.1161/STROKEAHA.112.
678615 PMID: 23299497.

8. Hartigan |, O’'Mahony D. The Barthel Index: comparing inter-rater reliability between nurses and doctors
in an older adult rehabilitation unit. Applied nursing research: ANR. 2011; 24(1):e1-7. Epub 2010/10/
27. https://doi.org/10.1016/j.apnr.2009.11.002 PMID: 20974081.

9. Quinn TJ, Dawson J, Walters MR, Lees KR. Functional outcome measures in contemporary stroke tri-
als. International journal of stroke: official journal of the International Stroke Society. 2009; 4(3):200-5.
Epub 2009/08/08. https://doi.org/10.1111/j.1747-4949.2009.00271.x PMID: 19659822.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208594 December 20, 2018 10/13


https://doi.org/10.1161/strokeaha.113.003912
http://www.ncbi.nlm.nih.gov/pubmed/24627112
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.039
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.06.039
http://www.ncbi.nlm.nih.gov/pubmed/28774795
https://doi.org/10.1136/bmjopen-2017-017910
https://doi.org/10.1136/bmjopen-2017-017910
http://www.ncbi.nlm.nih.gov/pubmed/28965101
https://doi.org/10.1001/jamaneurol.2017.2802
http://www.ncbi.nlm.nih.gov/pubmed/29059266
http://www.ncbi.nlm.nih.gov/pubmed/15900183
https://doi.org/10.1161/STROKEAHA.110.598540
https://doi.org/10.1161/STROKEAHA.110.598540
http://www.ncbi.nlm.nih.gov/pubmed/21372310
https://doi.org/10.1161/STROKEAHA.112.678615
https://doi.org/10.1161/STROKEAHA.112.678615
http://www.ncbi.nlm.nih.gov/pubmed/23299497
https://doi.org/10.1016/j.apnr.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/20974081
https://doi.org/10.1111/j.1747-4949.2009.00271.x
http://www.ncbi.nlm.nih.gov/pubmed/19659822
https://doi.org/10.1371/journal.pone.0208594

®PLOS | one

Barthel Index scores from the time of discharge until 3-month post-discharge

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Fabiana NL, Chen CL, Venketasubramanian N, Lee CF, Wong KS, De Silva DA. Sex and the treatment
effect in the Chinese Medicine NeuroAiD Efficacy on Stroke recovery (CHIMES) trial. Journal of clinical
neuroscience: official journal of the Neurosurgical Society of Australasia. 2016; 33:269-70. Epub 2016/
07/30. https://doi.org/10.1016/j.jocn.2016.04.013 PMID: 27469414,

Draca S. Gender and stroke lateralization: factors of functional recovery after the first-ever unilateral
stroke? NeuroRehabilitation. 2012; 30(3):247-54. Epub 2012/05/29. https://doi.org/10.3233/NRE-
2012-0752 PMID: 22635131.

Kim JS, Lee KB, Roh H, Ahn MY, Hwang HW. Gender differences in the functional recovery after acute
stroke. Journal of clinical neurology (Seoul, Korea). 2010; 6(4):183-8. Epub 2011/01/26. https://doi.org/
10.3988/jcn.2010.6.4.183 PMID: 21264198; PubMed Central PMCID: PMCPMC3024522.

Sohrabji F, Bake S, Lewis DK. Age-related changes in brain support cells: Implications for stroke sever-
ity. Neurochemistry international. 2013; 63(4):291-301. Epub 2013/07/03. https://doi.org/10.1016/.
neuint.2013.06.013 PMID: 23811611; PubMed Central PMCID: PMC3955169.

van Almenkerk S, Smalbrugge M, Depla MF, Eefsting JA, Hertogh CM. What predicts a poor outcome
in older stroke survivors? A systematic review of the literature. Disability and rehabilitation. 2013; 35
(21):1774-82. Epub 2013/01/29. https://doi.org/10.3109/09638288.2012.756941 PMID: 23350761.

Khan M, Ahmed B, Ahmed M, Najeeb M, Raza E, Khan F, et al. Functional, cognitive and psychological
outcomes, and recurrent vascular events in Pakistani stroke survivors: a cross sectional study. BMC
research notes. 2012; 5: https://doi.org/10.1186/756-0500-5-89 Epub 2012/02/11. PMID: 22321339;
PubMed Central PMCID: PMC3296616.

Kong KH, Lee J. Temporal recovery of activities of daily living in the first year after ischemic stroke: a
prospective study of patients admitted to a rehabilitation unit. NeuroRehabilitation. 2014; 35(2):221-6.
Epub 2014/07/06. https://doi.org/10.3233/NRE-141110 PMID: 24990018.

Nakao S, Takata S, Uemura H, Kashihara M, Osawa T, Komatsu K, et al. Relationship between Barthel
Index scores during the acute phase of rehabilitation and subsequent ADL in stroke patients. The Jour-
nal of Medical Investigation. 2010; 57(1,2):81-8. https://doi.org/10.2152/jmi.57.81

Sarker SJ, Rudd AG, Douiri A, Wolfe CD. Comparison of 2 extended activities of daily living scales with
the Barthel Index and predictors of their outcomes: cohort study within the South London Stroke Regis-
ter (SLSR). Stroke; a journal of cerebral circulation. 2012; 43(5):1362—9. Epub 2012/03/31. https://doi.
org/10.1161/strokeaha.111.645234 PMID: 22461336.

Asuzu D, Nystrom K, Schindler J, Wira C, Greer D, Halliday J, et al. TURN Score Predicts 90-day Out-
come in Acute Ischemic Stroke Patients After IV Thrombolysis. Neurocritical care. 2015; 23(2):172-8.
Epub 2015/06/03. https://doi.org/10.1007/s12028-015-0154-5 PMID: 26032809.

Freundlieb N, Philipp S, Drabik A, Gerloff C, Forkert ND, Hummel FC. Ipsilesional motor area size corre-
lates with functional recovery after stroke: a 6-month follow-up longitudinal TMS motor mapping study.
Restorative neurology and neuroscience. 2015; 33(2):221-31. Epub 2014/12/17. https://doi.org/10.
3233/RNN-140454 PMID: 25503508.

KimY, Kim YS, Kim HY, Noh MY, Kim JY, Lee YJ, et al. Early Treatment with Poly(ADP-Ribose) Poly-
merase-1 Inhibitor (JPI-289) Reduces Infarct Volume and Improves Long-Term Behavior in an Animal
Model of Ischemic Stroke. Molecular neurobiology. 2018. Epub 2018/02/01. https://doi.org/10.1007/
$12035-018-0910-6 PMID: 29383691.

Di Carlo A, Lamassa M, Baldereschi M, Pracucci G, Consoli D, Wolfe CD, et al. Risk factors and out-
come of subtypes of ischemic stroke. Data from a multicenter multinational hospital-based registry. The
European Community Stroke Project. Journal of the neurological sciences. 2006; 244(1-2):143-50.
Epub 2006/03/15. https://doi.org/10.1016/}.jns.2006.01.016 PMID: 16530226.

Paci M, Nannetti L, D’Ippolito P, Lombardi B. Outcomes from ischemic stroke subtypes classified by the
Oxfordshire Community Stroke Project: a systematic review. European journal of physical and rehabili-
tation medicine. 2011; 47(1):19-23. Epub 2011/03/31. PMID: 21448119.

McNaughton H, Weatherall M, Taylor W, McPherson K. Factors influencing rate of Barthel Index
change in hospital following stroke. Clinical rehabilitation. 2001; 15(4):422—7. Epub 2001/08/24. https://
doi.org/10.1191/026921501678310225 PMID: 11518443.

Diggle P. J., Heagerty P., Liang K., Zeger S. Analysis of Longitudinal Data. 2nd Ed ed. Oxford, UK:
Oxford University Press; 2002.

Cioncoloni D, Piu P, Tassi R, Acampa M, Guideri F, Taddei S, et al. Relationship between the modified
Rankin Scale and the Barthel Index in the process of functional recovery after stroke. NeuroRehabilita-
tion. 2012; 30(4):315-22. Epub 2012/06/08. J1804302X1718351 [pii] https://doi.org/10.3233/NRE-
2012-0761 PMID: 22672946.

Harrison JK, McArthur KS, Quinn TJ. Assessment scales in stroke: clinimetric and clinical consider-
ations. Clinical interventions in aging. 2013; 8:201-11. Epub 2013/02/27. https://doi.org/10.2147/CIA.
$32405 PMID: 23440256; PubMed Central PMCID: PMC3578502.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208594 December 20, 2018 11/13


https://doi.org/10.1016/j.jocn.2016.04.013
http://www.ncbi.nlm.nih.gov/pubmed/27469414
https://doi.org/10.3233/NRE-2012-0752
https://doi.org/10.3233/NRE-2012-0752
http://www.ncbi.nlm.nih.gov/pubmed/22635131
https://doi.org/10.3988/jcn.2010.6.4.183
https://doi.org/10.3988/jcn.2010.6.4.183
http://www.ncbi.nlm.nih.gov/pubmed/21264198
https://doi.org/10.1016/j.neuint.2013.06.013
https://doi.org/10.1016/j.neuint.2013.06.013
http://www.ncbi.nlm.nih.gov/pubmed/23811611
https://doi.org/10.3109/09638288.2012.756941
http://www.ncbi.nlm.nih.gov/pubmed/23350761
https://doi.org/10.1186/756-0500-5-89
http://www.ncbi.nlm.nih.gov/pubmed/22321339
https://doi.org/10.3233/NRE-141110
http://www.ncbi.nlm.nih.gov/pubmed/24990018
https://doi.org/10.2152/jmi.57.81
https://doi.org/10.1161/strokeaha.111.645234
https://doi.org/10.1161/strokeaha.111.645234
http://www.ncbi.nlm.nih.gov/pubmed/22461336
https://doi.org/10.1007/s12028-015-0154-5
http://www.ncbi.nlm.nih.gov/pubmed/26032809
https://doi.org/10.3233/RNN-140454
https://doi.org/10.3233/RNN-140454
http://www.ncbi.nlm.nih.gov/pubmed/25503508
https://doi.org/10.1007/s12035-018-0910-6
https://doi.org/10.1007/s12035-018-0910-6
http://www.ncbi.nlm.nih.gov/pubmed/29383691
https://doi.org/10.1016/j.jns.2006.01.016
http://www.ncbi.nlm.nih.gov/pubmed/16530226
http://www.ncbi.nlm.nih.gov/pubmed/21448119
https://doi.org/10.1191/026921501678310225
https://doi.org/10.1191/026921501678310225
http://www.ncbi.nlm.nih.gov/pubmed/11518443
https://doi.org/10.3233/NRE-2012-0761
https://doi.org/10.3233/NRE-2012-0761
http://www.ncbi.nlm.nih.gov/pubmed/22672946
https://doi.org/10.2147/CIA.S32405
https://doi.org/10.2147/CIA.S32405
http://www.ncbi.nlm.nih.gov/pubmed/23440256
https://doi.org/10.1371/journal.pone.0208594

®PLOS | one

Barthel Index scores from the time of discharge until 3-month post-discharge

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44.

45.

46.

47.

Balu S. Differences in psychometric properties, cut-off scores, and outcomes between the Barthel
Index and Modified Rankin Scale in pharmacotherapy-based stroke trials: systematic literature review.
Curr Med Res Opin. 2009; 25(6):1329—41. Epub 2009/05/08. https://doi.org/10.1185/
03007990902875877 PMID: 19419341.

Royston P, Ambler G, Sauerbrei W. The use of fractional polynomials to model continuous risk variables
in epidemiology. Int J Epidemiol. 1999; 28(5):964—74. Epub 1999/12/22. PMID: 10597998.

Wong ES, Wang BCM, Garrison LP, Alfonso-Cristancho R, Flum DR, Arterburn DE, et al. Examining
the BMI-mortality relationship using fractional polynomials. BMC Medical Research Methodology. 2011;
11:175—. https://doi.org/10.1186/1471-2288-11-175 PMC3273446. PMID: 22204699

Berge E, Barer D. Could Stroke Trials Be Missing Important Treatment Effects? Cerebrovascular dis-
eases. 2002; 13:73-5. https://doi.org/10.1159/000047752 PMID: 11810016

Della Pietra GL, Savio K, Oddone E, Reggiani M, Monaco F, Leone MA. Validity and reliability of the
Barthel index administered by telephone. Stroke; a journal of cerebral circulation. 2011; 42(7):2077-9.
Epub 2011/04/30. https://doi.org/10.1161/STROKEAHA.111.613521 PMID: 21527755.

Go S. Validity of telephone interview for functional outcome in post-stroke subjects Alzheimer’s and
Dementia. 2008; 4(4):T452.

Korner-Bitensky N, Wood-Dauphinee S. Barthel Index information elicited over the telephone. Is it reli-
able? American journal of physical medicine & rehabilitation / Association of Academic Physiatrists.
1995; 74(1):9-18. Epub 1995/01/01. PMID: 7873120.

Hoffmann T, Worrall L, Eames S, Ryan A. Measuring outcomes in people who have had a stroke and
their carers: Can the telephone be used? Top Stroke Rehabil. 2010; 17(2):119-27. Epub 2010/06/15.
https://doi.org/10.1310/tsr1702-119 1S1:000278498200007. PMID: 20542854

Janssen PM, Visser NA, Dorhout Mees SM, Klijn CJ, Algra A, Rinkel GJ. Comparison of telephone and
face-to-face assessment of the modified Rankin Scale. Cerebrovascular diseases. 2010; 29(2):137-9.
Epub 2009/12/04. https://doi.org/10.1159/000262309 PMID: 19955737.

Bruno A, Shah N, Lin C, Close B, Hess DC, Davis K, et al. Improving modified Rankin Scale assess-
ment with a simplified questionnaire. Stroke; a journal of cerebral circulation. 2010; 41(5):1048-50.
Epub 2010/03/13. https://doi.org/10.1161/STROKEAHA.109.571562 PMID: 20224060.

O’Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P, et al. Risk factors for ischaemic and
intracerebral haemorrhagic stroke in 22 countries (the INTERSTROKE study): a case-control study.
Lancet. 2010; 376(9735):112-23. Epub 2010/06/22. https://doi.org/10.1016/S0140-6736(10)60834-3
PMID: 20561675.

Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, Van der Wees PJ, Dekker J. The
impact of physical therapy on functional outcomes after stroke: what'’s the evidence? Clinical rehabilita-
tion. 2004; 18(8):833-62. Epub 2004/12/22. https://doi.org/10.1191/0269215504cr8430a PMID:
15609840.

Kwakkel G, Kollen BJ. Predicting activities after stroke: what is clinically relevant? International journal
of stroke: official journal of the International Stroke Society. 2013; 8(1):25-32. Epub 2013/01/03. https://
doi.org/10.1111/j.1747-4949.2012.00967.x PMID: 23280266.

Pinheiro J, Bates D, Debroy S, Sarkar D, R Development Core Team. nime: Linear and Nonlinear
Mixed Effects Models. R Package Version 3.1-1202015.

Tveiten A, Ljostad U, Mygland A, Naess H. Functioning of long-term survivors of first-ever intracerebral
hemorrhage. Acta neurologica Scandinavica. 2014; 129(4):269-75. Epub 2014/01/22. https://doi.org/
10.1111/ane.12185 PMID: 24444381.

von Vogelsang AC, Forsberg C, Svensson M, Wengstrom Y. Patients experience high levels of anxiety
2 years following aneurysmal subarachnoid hemorrhage. World neurosurgery. 2015; 83(6):1090-7.
Epub 2014/12/24. https://doi.org/10.1016/j.wneu.2014.12.027 PMID: 25535065.

Volpato S, Zuliani G, Guralnik JM, Palmieri E, Fellin R. The inverse association between age and cho-
lesterol level among older patients: the role of poor health status. Gerontology. 2001; 47(1):36—45.
Epub 2001/03/13. 52768. https://doi.org/10.1159/000052768 PMID: 11244290.

Al-Saeed AH, Constantino MI, Molyneaux L, D’'Souza M, Limacher-Gisler F, Luo C, et al. An Inverse
Relationship Between Age of Type 2 Diabetes Onset and Complication Risk and Mortality: The Impact
of Youth-Onset Type 2 Diabetes. Diabetes care. 2016; 39(5):823-9. Epub 2016/03/24. https://doi.org/
10.2337/dc15-0991 PMID: 27006511.

Coelho BP, Giraldi-Guimaraes A. Effect of age and gender on recovery after stroke in rats treated with
bone marrow mononuclear cells. Neuroscience research. 2014; 88:67—-73. Epub 2014/09/02. https://
doi.org/10.1016/j.neures.2014.08.007 PMID: 25176441.

Gunathilake R, Krishnamurthy V, Oldmeadow C, Kerr E, Padmakumar C, Attia J, et al. Relationships
between age, other predictive variables, and the 90-day functional outcome after intravenous

PLOS ONE | https://doi.org/10.1371/journal.pone.0208594 December 20, 2018 12/13


https://doi.org/10.1185/03007990902875877
https://doi.org/10.1185/03007990902875877
http://www.ncbi.nlm.nih.gov/pubmed/19419341
http://www.ncbi.nlm.nih.gov/pubmed/10597998
https://doi.org/10.1186/1471-2288-11-175
http://www.ncbi.nlm.nih.gov/pubmed/22204699
https://doi.org/10.1159/000047752
http://www.ncbi.nlm.nih.gov/pubmed/11810016
https://doi.org/10.1161/STROKEAHA.111.613521
http://www.ncbi.nlm.nih.gov/pubmed/21527755
http://www.ncbi.nlm.nih.gov/pubmed/7873120
https://doi.org/10.1310/tsr1702-119
http://www.ncbi.nlm.nih.gov/pubmed/20542854
https://doi.org/10.1159/000262309
http://www.ncbi.nlm.nih.gov/pubmed/19955737
https://doi.org/10.1161/STROKEAHA.109.571562
http://www.ncbi.nlm.nih.gov/pubmed/20224060
https://doi.org/10.1016/S0140-6736(10)60834-3
http://www.ncbi.nlm.nih.gov/pubmed/20561675
https://doi.org/10.1191/0269215504cr843oa
http://www.ncbi.nlm.nih.gov/pubmed/15609840
https://doi.org/10.1111/j.1747-4949.2012.00967.x
https://doi.org/10.1111/j.1747-4949.2012.00967.x
http://www.ncbi.nlm.nih.gov/pubmed/23280266
https://doi.org/10.1111/ane.12185
https://doi.org/10.1111/ane.12185
http://www.ncbi.nlm.nih.gov/pubmed/24444381
https://doi.org/10.1016/j.wneu.2014.12.027
http://www.ncbi.nlm.nih.gov/pubmed/25535065
https://doi.org/10.1159/000052768
http://www.ncbi.nlm.nih.gov/pubmed/11244290
https://doi.org/10.2337/dc15-0991
https://doi.org/10.2337/dc15-0991
http://www.ncbi.nlm.nih.gov/pubmed/27006511
https://doi.org/10.1016/j.neures.2014.08.007
https://doi.org/10.1016/j.neures.2014.08.007
http://www.ncbi.nlm.nih.gov/pubmed/25176441
https://doi.org/10.1371/journal.pone.0208594

®PLOS | one

Barthel Index scores from the time of discharge until 3-month post-discharge

48.

49.

50.

51.

52.

53.

54.

55.

thrombolysis for acute ischemic stroke. International journal of stroke: official journal of the International
Stroke Society. 2014; 9(7):E36—7. Epub 2014/09/19. https://doi.org/10.1111/ijs.12347 PMID:
25231586.

Chindaprasirt J, Sawanyawisuth K, Chattakul P, Limpawattana P, Tiamkao S, Aountri P, et al. Age pre-
dicts functional outcome in acute stroke patients with rt-PA treatment. ISRN neurology. 2013;2013:
https://doi.org/10.1155/2013/710681 Epub 2013/10/31. PMID: 24171121; PubMed Central PMCID:
PMC3793585.

Knoflach M, Matosevic B, Rucker M, Furtner M, Mair A, Wille G, et al. Functional recovery after ische-
mic stroke—a matter of age: data from the Austrian Stroke Unit Registry. Neurology. 2012; 78(4):279—
85. Epub 2012/01/13. https://doi.org/10.1212/WNL.0b013e31824367ab PMID: 22238419.

Frontera JA, Ahmed W, Zach V, Jovine M, Tanenbaum L, Sehba F, et al. Acute ischaemia after sub-
arachnoid haemorrhage, relationship with early brain injury and impact on outcome: a prospective quan-
titative MRI study. Journal of neurology, neurosurgery, and psychiatry. 2015; 86(1):71-8. Epub 2014/
04/10. https://doi.org/10.1136/jnnp-2013-307313 PMID: 24715224.

Li F, Chen QX. Risk factors for mental disorders in patients with hypertensive intracerebral hemorrhage
following neurosurgical treatment. Journal of the neurological sciences. 2014; 341(1-2):128-32. Epub
2014/05/13. https://doi.org/10.1016/j.jns.2014.04.021 PMID: 24814350.

Carr ECJ, Worth A. The use of the telephone interview for research. Nursing Times Research. 2001; 6
(1):511-24. https://doi.org/10.1177/136140960100600107

Corbetta M, Ramsey L, Callejas A, Baldassarre A, Hacker CD, Siegel JS, et al. Common behavioral
clusters and subcortical anatomy in stroke. Neuron. 2015; 85(5):927—41. Epub 2015/03/06. https://doi.
org/10.1016/j.neuron.2015.02.027 PMID: 25741721; PubMed Central PMCID: PMCPMC4646844.

Tsang RC, Chau RM, Cheuk TH, Cheung BS, Fung DM, Ho EY, et al. The measurement properties of
modified Rivermead mobility index and modified functional ambulation classification as outcome mea-
sures for Chinese stroke patients. Physiotherapy theory and practice. 2014; 30(5):353-9. Epub 2014/
01/10. https://doi.org/10.3109/09593985.2013.876563 PMID: 24400683.

Lindmark B. Evaluation of functional capacity after stroke with special emphasis on motor function and
activities of daily living. Scandinavian journal of rehabilitation medicine Supplement. 1988; 21:1-40.
Epub 1988/01/01. PMID: 3071845.

PLOS ONE | https://doi.org/10.1371/journal.pone.0208594 December 20, 2018 13/13


https://doi.org/10.1111/ijs.12347
http://www.ncbi.nlm.nih.gov/pubmed/25231586
https://doi.org/10.1155/2013/710681
http://www.ncbi.nlm.nih.gov/pubmed/24171121
https://doi.org/10.1212/WNL.0b013e31824367ab
http://www.ncbi.nlm.nih.gov/pubmed/22238419
https://doi.org/10.1136/jnnp-2013-307313
http://www.ncbi.nlm.nih.gov/pubmed/24715224
https://doi.org/10.1016/j.jns.2014.04.021
http://www.ncbi.nlm.nih.gov/pubmed/24814350
https://doi.org/10.1177/136140960100600107
https://doi.org/10.1016/j.neuron.2015.02.027
https://doi.org/10.1016/j.neuron.2015.02.027
http://www.ncbi.nlm.nih.gov/pubmed/25741721
https://doi.org/10.3109/09593985.2013.876563
http://www.ncbi.nlm.nih.gov/pubmed/24400683
http://www.ncbi.nlm.nih.gov/pubmed/3071845
https://doi.org/10.1371/journal.pone.0208594

