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ABSTRACT

Objective: The prevalence of diabetes mellitus is growing worldwide, as well as in the aging population, and
its comorbidity and mortality rates are higher in aging people than they are in young people. It has been
observed that the number of drugs used increases in aging patients, especially in diabetic patients. This study
aimed to investigate the relationship between polypharmacy and modified Charlson Comorbidity Index
(CClI) and Katz Index of Independence in Activities of Daily Living (Katz ADL) scores in aging diabetic and
non-diabetic patients.

Materials and Methods: This prospective study included |84 diabetic and 62 non-diabetic subjects who
were 265 years old. Comorbidity was determined with CCl, and dependency on daily basic activities was
assessed with Katz ADL.

Results: CCl and the number of drugs were significantly higher in diabetic groups (P = .001). In all subjects
and in the diabetic group, there was a negative correlation between CCl and Katz ADL (r = —0.343,P=.001;
r=—0.383, P = .001, respectively); there was a positive correlation between CCl and number of drugs (r =
0.430, P =.001; r =0.248, P = .001, respectively).

Conclusion: We found an increase in the number of drugs taken by the aging patients, positively correlated
with the CCl score. The increase in the number of drugs used is closely related to the insufficiency in daily
life activity and comorbidity, and this predicts |0-year survival. Patients should be directed to special centers
or physicians who will be scheduled for multidisciplinary treatment for the prevention of polypharmacy,
especially in the aging.
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Introduction

It is estimated that by 2050, the aging population will rise from 900 million to 2 billion people,
which means that the proportion of the world's population over 60 years old will nearly double
between 2015 and 2050, from 12% to 22%." The prevalence of diabetes mellitus (DM) is grow-
ing worldwide? as well as in the aging population, and its comorbidity and mortality rates are
higher in aging people than they are in young people.® A recent study conducted in the United
States showed that DM affects 10.9 million people aged 65 years and older, and it is expected
that this number will reach 26.7 million by 2050, representing 55% of all diabetes cases.’

Aging patients are more susceptible to issues caused by an increased number of drugs, which
is called polypharmacy, than young people. Yet, there has been a considerable increase in poly-
pharmacy in the geriatric population.’ In the United States, the number of prescribed medicines
for aging people doubled between 1988 and 2010¢ Adverse drug reaction—related emer-
gency department visits and hospitalizations, which are commonly caused by polypharmacy’, are
extremely high in aging people, especially those aged 80 years and older:?

In the hope of improving quality of life on newly developed drugs, more and more drugs are given
to patients, especially elderly patients. We think that multidrug use may decrease quality of life and
negatively affect the survival of aging patients. When we look at the geriatric patient population that
we followed in our outpatient clinic, we found that DM was a very comorbid disease because the
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Table |. Descriptive Data of Participants and Their Comparisons According to Groups

Non-diabetic (n = 62) Diabetic (n = 184)
n =246 Mean * SD Med. (Min.—Max.) Mean * SD Med. (Min.—Max.) P-value
Age, years 71.15+5.28 70 (65-86) 71.58 £5.35 70.5 (63-94) AT2
History of diabetes, year — — 12.83 £8.78 10.5 (1-42) —
HbAlc, % 575%+0.32 5.7 (5-6.4) 736 % 1.71 6.8 (5.3-17) <.001
GFR, mL/min/1.73m? 80.13 £ 14.32 84.5 (48-105) 76.59 + 18.18 82 (21-108) 321
Random urine ACR, mg/g 13.82 £20.29 6.55 (1-129.4) 142.13 £ 575.59 17.35 (0.5-6728) <.001
TG, mg/dL 148.55 £ 70.15 137.5 (61-501) 164.99 +75.76 149 (15-513) .07
HDL-C, mg/dL 5292+ 11.89 51.5 (34-88) 49.52+ 11.92 48 (27-88) .047
LDL-C, mg/dL 152.02 £ 32.71 152 (80-231) 13541 £ 44.15 135 (41-244) .007%
Ca, mg/dL 9.73+0.44 9.7 (7.9-10.6) 9.77 £0.55 9.8 (6.1-12.1) 318
Mg, mg/dL 1.98 £0.15 2 (1.6-2.2) 1.83+0.22 1.9 (1.2-2.3) <.001
Vitamin D, ng/mL 16.87 + 8.05 16 (6-42) 18.41 = 14.03 14 (2.4-94) .682
Fe, ug/dL 81.08 £31.26 76 (36—190) 70.95 +26.45 66 (18-145) .037
Hb, g/dL 1339+ 1.22 13.35(10.8-17.2) 12.81 £ 1.53 12.8 (7.6-16.9) .007*
Albumin, g/dL 4.05+0.27 4 (3.1-4.6) 4.18+0.35 4.2 (2.6-5) .001
BMI, kg/m? 2849 £4.14 27.6 (20.7-41.5) 29.36 £ 4.07 29.1 (19-41.3) .056
P-values calculated with Mann-Whitney U test, unless otherwise indicated.
“Student’s t test.
ACR, albumin/creatinine ratio; BMI, body mass index; Fe, iron; GFR, glomerular filtration rate; Hb, hemoglobin; HbA ¢, glycolyzed hemoglobin; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; Ca, calcium; Max., maximum; Med., median; Mg, magnesium; Min., minimum; SD, standard deviation; TG, triglyceride.

frequency of diabetes increases with age and we
thought that the number of drugs used in these
patients may be greater and that diabetic patients
may be more exposed to the risk of polyphar-
macy. In this prospective study, we aimed to inves-
tigate the relationship between polypharmacy,
the modified Charlson Comorbidity Index (CCl),
and the Katz Index of Independence in Activities
of Dalily Living (Katz ADL) to determine wheth-
er polypharmacy affects CCl and/or Katz ADL
scores in aging diabetic and non-diabetic patients.

Materials and Methods

This prospective study was conducted from
January 2017 to January 2018 after receiv-
ing institutional ethical approval from Ethics
Committee of Bakirkoy Dr. Sadi Konuk Training
and Research Hospital (2018/336). The study
included 184 diabetic (group |) and 62 non-
diabetic (group 2) subjects who were 65 years

* Polypharmacy decreases quality of life and affects
the survival of aging patients.

*  The number of drugs taken by the patients had
a statistically significant positive association with
modified Charlson Comorbidity Index in aging
people with and without diabetes mellitus.

» Patients should be directed to special centers or
physicians who will be scheduled for multidisci-
plinary treatment for the prevention of polyphar-
macy, especially in the aging.

or older and visited our Diabetes or Internal
Medicine outpatient clinics. The non-diabetic
patient group consisted of patients who had not
previously been diagnosed with DM type 2, had
a glycolyzed hemoglobin (HbAIc) level below
6.5%, and had a fasting glucose level below 140
mg/dL. Written consent was obtained from all
participants. Before obtaining blood samples,
data (including height, weight, age, the number
and type of drugs taken by the patients, arterial
blood pressure, and diabetes age [in the diabetic
group]) of the patients enrolled in the study
were recorded on standardized forms.

CCl, a prognostic assessment tool, is based
on comorbid conditions with varying assigned
weights, resulting in a composite score; it pre-
dicts 10-year survival in patients with multiple
comorbidities.” Katz ADL is a functional mea-
surement instrument that aims at assessing
the status of independence in daily activities."®
Patients’ comorbidity was determined with
CCl, and dependency concerning basic activities
of daily living was assessed with Katz ADL.'®'!
Polypharmacy was defined as the administration
of 25 drugs for more than 90 days. During the
administration of both questionnaires, a nurse
who was blinded to the study groups was read-
ily available to assist the patients if required.

Statistical analyses were conducted with SPSS
version 23 (IBM SPSS Corp.; Armonk, NY; USA).

Mean, standard deviation, median, minimum,
and maximum values of variables were given for
descriptive calculations between groups. Mann-
Whitney U test was used in comparison of two
independent groups for variables that did not
display normal distribution, and Spearman’s rank
correlation coefficient was used to determine
the relationships between variables. Student’s t
test was used for comparing two independent
groups in variables with normal distribution. A
P-value < .05 was considered significant.

Results

As mentioned previously, group | consisted of 84
(129 women) and group 2 consisted of 62 (46
women) subjects with mean ages of 71.15 + 528
years and 71.58 £+ 535 vears, respectively (P =
A472). There was a significant difference between
the two groups regarding HbA I ¢, random urine
albumin/creatinine ratio, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cho-
lesterol (LDL-C), dual-energy X-ray absorptiom-
etry, and serum iron, magnesium, hemoglobin, and
albumin levels (for P-values, see Table ).

Comparing diabetic patients with non-diabetic
subjects regarding the Katz ADL, CCl, and num-
ber of drugs that the participants took showed
that CCl and the number of drugs were sig-
nificantly higher in the diabetic group (P = .001
for both). Katz ADL did not differ between the
groups (P = .059) (Table 2).
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Non-diabetic (n = 62)

Table 2. Comparisons of Katz ADL, CCl, and Number of Drugs Taken by the Participants Between Groups

Diabetic (n = 184)

n =246 Mean * SD Med. (Min.—Max.) Mean * SD Med. (Min.—Max.) P-value
Katz ADL 594+ 04 6 (3-6) 5.83 +0.55 6 (2-6) .059

CCl 289+ 1.03 3 (2-6) 45+ 1.49 4 (2-9) <.001
NoDs 2312 1.79 2 (0-8) 5311258 5(0-13) <.001

P-values calculated by Mann-Whitney U test.

drugs; SD, standard deviation.

CCl, Modified Charlson Comorbidity Index; Katz ADL, Katz Index of Independence in Activities of Daily Living; Max., maximum; Med., median; Min., minimum; NoDs, number of

Table 3. Correlation Analysis Between Patients’ Descriptive Data and Katz ADL, CCl, and Number
of Drugs Taken by Participants in All Groups
Katz ADL CCl NoDs

Age, years r —0.174 0.525 0.106

p 0.006 <0.001 0.1
HbAlc, % r —0.055 0.322 0.26

p 0.394 <0.001 <0.001
GFR, mL/min/1.73 m? r 0.116 -0.384 -0.166

p 0.07 <0.001 0.01
Random urine ACR, mg/g r —0.011 0.218 0.042

p 0.863 0.001 0514
HDL-C, mg/dL r —-0.206 -0.055 -0.083

p 0.001 0.392 0.194
LDL-C, mg/dL r —0.028 -0.082 -0.152

p 0.659 0.199 0.018
Mg, mg/dL r 0.242 -0.248 -0.252

p <0.001 <0.001 <0.001
Fe, pg/dL r 0.169 -0.166 -0.194

p 0.008 0.009 0.002
Hb, g/dL r 0.122 -0.227 -0.195

P 0.057 <0.001 0.002
Values calculated by Spearman's rank correlation. r range: 0.90-1.00 Very high; 0.70-0.89 High; 0.50-0.69 Medium;
0.30-0.49 Low; 0.00-0.29 weak correlation. If correlation coefficiency is negative (-) that means is negative correlation.
A p-value less than 0.05 is statistically significant. Statistically significant values are marked in bold. ACR, albumin/
creatinine ratio; CCl, modified Charlson Comorbidity Index; Fe, iron; GFR, glomerular filtration rate; Hb, hemoglobin;
HbA ¢, glycolyzed hemoglobin; HDL-C, high-density lipoprotein cholesterol; Katz ADL, Katz Index of Independence
in Activities of Daily Living; LDL-C, low-density lipoprotein cholesterol; Mg, magnesium; NoDs, number of drugs; p,
probability value; r, Spearman's rank correlation coefficients

In all subjects, CCl had a moderate positive cor-
relation with age (n = 246, r = 0.525, P = .001)
and weak positive correlations with HbAlc (n
=246, r = 0.322, P = .001) and random urine
albumin/creatinine ratio (n =246,r =0.218,P =
.001). In addition, CCl had weak negative corre-
lations with glomerular filtration rate (GFR) and
serum magnesium, iron, and hemoglobin levels.
Katz ADL had weak positive correlations with
GFR and serum magnesium and iron levels; in
addition, it had a weak negative correlation with
HDL-C levels. Number of drugs had a weak
positive correlation with HbAlc and a weak
negative correlation with GFR, LDL-C, and

serum magnesium, iron, and hemoglobin levels
(see Table 3 for r and P-values).

In all subjects, there was a negative correla-
tion between CCl and Katz ADL (n = 246, r
= —0.343, P = .00l); in addition, there was a
positive correlation between CCl and number
of drugs (n = 246, r = 0430, P = .001; Table 4).

Similarly, in diabetic patients, there was a nega-
tive correlation between CCl and Katz ADL (n
= 184, r = —0.383, P = .001); moreover, there
was a positive correlation between CCl and
number of drugs (n = 184, r =0.248, P = .001).

In addition, age of DM diagnosis had positive
correlations with CCl and number of drugs (n
= 184,r = 0248, P =.001; Table 4).

Discussion

In this study, we determined that the number
of drugs taken by the patients had a statistically
significant positive association with CCl in aging
people with and without DM, and this finding
allowed us to deduce that polypharmacy could
have a negative influence on 10-year survival in
aging individuals with different morbidities.

New treatments bring an increase in the num-
ber of drugs used in the geriatric population.
Polypharmacy causes more adverse reactions
in the aging because they are more prone to
drug—drug reactions.'" In addition, the increas-
ing prevalence of diabetes, along with the aging
of the population, draws more attention to
polypharmacy and its consequences. For this
reason, we wanted to investigate the effect of
polypharmacy on comorbidity in aging people
by using the prognostic and daily activity assess-
ment tools of CCl and Katz ADL.

According to previous studies, CCl can be
a predictor in aging people for periopera-
tive mortality'?, short- and long-term mortal-
ity in hospitalization because of acute illness',
short- and long-term mortality in the non-
surgical emergency department', survival in
acute respiratory distress syndrome'®, mortality
in Staphylococcus aureus bacteremia'®, survival
in multiple myeloma!’, and mortality and func-
tional outcome in ischemic stroke'. From the
perspective of our results and previous studies’
findings, it can be thought that polypharmacy
could have an effect on mortality in the situa-
tions mentioned above. We think that further
studies are warranted in this field.

A recent study conducted by Lim'? assessed
the association between Katz ADL and poly-
pharmacy, and it did not show a relationship
between them. Another study with a smaller
sample size was also unable to determine
a significant difference in functional status
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Table 4. Correlation Analysis Between Katz ADL, CCl, and Number of Drugs Taken by Participants
in All Groups and Diabetic Group
Diabetic All groups
Age of DM KatzADL  CClI NoDs Katz ADL  CCL NoDs

Age of DM r | —0.106 0.168 0.248 — — —

p — 0.15 0.023 0.001 — — —
Katz ADL r —0.106 | -0.383  —0.056 —-0.343 —-0.072

p 0.15 — <0.001 0.453 — <0.001 0.262
Ccl r 0.168 —-0.383 | 0.248 —-0.343 | 0.430

p 0.023 <0.001 — 0.001 <0.001 — <0.001
NoDs r 0.248 —0.056 0.248 | -0.072  0.430 |

p 0.001 0.453 0.001 — 0262  <0.001 —
Values calculated by Spearman's rank correlation. r range: 0.90-1.00 Very high; 0.70-0.89 High; 0.50-0.69 Medium;
0.30-0.49 Low; 0.00-0.29 weak correlation. If correlation coefficiency is negative (-) that means is negative correlation.
A p-value less than 0.05 is statistically significant. Statistically significant values are marked in bold. CCl, modified Charl-
son Comorbidity Index; Katz ADL, Katz Index of Independence in Activities of Daily Living; NoDs, number of drugs; p,
probability value; r, Spearman's rank correlation coefficients.

according to the decrease in the number of
medications.?® In accordance with the above
studies, in our research, we were similarly
unable to show a relationship between Katz
ADL and the number of drugs taken by the
patients in both the diabetic and non-diabetic
groups. This result could also have been
affected by the patient selection, as outpatient
clinics were the source of our study popula-
tion; it can be assumed that, if these patients
can visit the outpatient clinics, they could have
higher Katz ADL scores than those who can-
not visit outpatient clinics.

Studies have revealed the clinical results of poly-
pharmacy very well in the geriatric population.
Multiple drug use has been associated with the
development and worsening of geriatric syn-
dromes, such as cognitive impairment, delirium,
falls, frailty, incontinence, and weight loss.?'
Because the presence of geriatric syndromes
will correlate with the increase in score in the
CCl and Katz ADL scales; these findings support
the results we obtained in our study.

Studies have shown that the use of vari-
ous drugs together by elderly patients can
significantly contribute to the occurrence of
[t is estimated that the
risk of adverse reactions increases by around
50% when 5 drugs are used, and the risk of
adverse reactions increases above 95% when
8 or more drugs are used.??# Considering that
adverse reactions affect a person’s quality of
life and survival, these data support the find-
ings in our study.

adverse reactions.

The small number of participants is one of the
important limitations of this study. Although

our study's design was a prospective one, its
data were cross-sectional. Thus, we could not
follow up and determine the fate of the study
participants (from future morbidity and mortal-
ity points of view). Similar studies conducted in
the future may focus on these issues.

The increase in the number of drugs taken by
aging patients with and without diabetes is posi-
tively correlated with CCl score. As we know,
this scoring system is being used as a predictor
of 10-year survival in patients with multiple
comorbidities. Thus, polypharmacy could be a
quick determinant of prognosis in such a group
of patients. Further detailed studies are needed
to verify this.

Ethics
approved by Ethics Committee of Bakirkoy Dr. Sadi
Konuk Training and Research Hospital (Approval
number:2018/336).

Committee Approval: This study was

Informed Consent: Written informed consent was
obtained from all participants who participated in
this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - GSE, HK, PK,
FK, NI, M.H.; Design - GS.E, NLI, PK,, FK.; Supervision
- NI, MH; Resources - N.I; Materials - N.I, M.H,
G.SH. PK; Data Collection and/or Processing - HK,
FK, GSE., PK; Analysis and/or Interpretation - N.I,
HK, GSE, Literature Search - N.I, GS.E; Writing
Manuscript - GS.E;; Critical Review - N.I, M.H.

Conflict of Interest: The authors have no conflicts of
interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

References

I. Ageing and health. World Health Organization.
Available from: http://www.who.int/news-room/
fact-sheets/detail/ageing-and-health
September 25, 2018.

2. Borissova AM, Shinkov A, Kovatcheva R, Viahov
J, Dakovska L, Todorov T. Changes in the preva-
lence of diabetes mellitus in bulgaria (2006-
2012). Clin Med Insights Endocrinol Diabetes.
2015;8:41-45. [Crossref]

3. Lam DW, LeRoith D. The worldwide diabetes
epidemic. Curr Opin Endocrinol Diabetes Obes.
2012;19(2): 93-96. [Crossref]

4. Caspersen CJ, Thomas GD, Boseman LA,
Beckles GA, Albirght Al. Aging, diabetes, and
the public health system in the United States.
Am | Public Health. 2012;102(8): 1482-1497.
[Crossref]

5. Geurts MME, Stewart RE, Brouwers |JR, de
Graeff PA. Implications of a clinical medica-

Accessed

tion review and a pharmaceutical care plan of
polypharmacy patients with a cardiovascular
disorder. Int | Clin Pharm. 2016;38(4):808-815.
[Crossref]

6. Charlesworth CJ, Smit E, Lee DS, Alramadhan
£ Odden MC. Polypharmacy among adults aged
65 years and older in the United States: 1988-
2010. | Gerontol A Biol Sci Med Sci. 2015;70(8):
989-995. [Crossref]

7. Ahmed B, Nanji K, Mujeeb R, Patel M]. Effects of
polypharmacy on adverse drug reactions among
geriatric outpatients at a tertiary care hospital in
Karachi: a prospective cohort study. PLoS One
20149(11):el12133. [Crossref]

8. Budnitz DS, Lovegrove MC, Shehab N, Richards
CL. Emergency hospitalizations for adverse
drug events in older Americans. N Engl | Med.
2011;365(21):2002-2012. [Crossref]

9. Charlson ME, Pompei B, Ales KL, MacKenzie CR.
A new method of classifying prognostic comor-
bidity in longitudinal studies: development and
validation. | Chronic Dis. 1987; 40(5) 373-383.
[Crossref]

10. Katz S. Assessing self-maintenance: activities of
daily living, mobility, and instrumental activities
of dalily living. | Am Geriatr Soc. 1983;31(12):721-
727. [Crossref]

I'l. Venturini CD, Engroff B Ely LS, et al. Gender
differences, polypharmacy, and potential phar-
macological interactions in the elderly. Clinics
(Sao Paulo). 201 1;66(1 1):1867-1872. [Crossref]

12. Laor A, Tal S, Guller V, Zbar AP, Mavor E. The
Charlson Comorbidity Index (CCl) as a mortal-
ity predictor after surgery in elderly patients. Am
Surg. 2016;82(1): 22-27. [Crossref]

I3. Frenkel WJ, Jongerius EJ, Mandjes-van Uitert M),
van Munster BC, de Rooij SE. Validation of the
Charlson Comorbidity Index in acutely hospital-
ized elderly adults: a prospective cohort study. |
Am Geriatr Soc. 2014;62(2):342-346. [Crossref]

4. Olsson T, Terent A, Lind L Charlson
Comorbidity Index can add prognostic informa-
tion to Rapid Emergency Medicine Score as a
predictor of long-term mortality. Eur | Emerg
Med. 2005;12(5):220-224. [Crossref]


https://doi.org/10.4137/CMED.S24742
https://doi.org/10.1097/MED.0b013e328350583a
https://doi.org/10.2105/AJPH.2011.300616
https://doi.org/10.1007/s11096-016-0281-x
https://doi.org/10.1093/gerona/glv013
https://doi.org/10.1371/journal.pone.0112133
https://doi.org/10.1056/NEJMsa1103053
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1111/j.1532-5415.1983.tb03391.x
https://doi.org/10.1590/S1807-59322011001100004
https://doi.org/10.1177/000313481608200113
https://doi.org/10.1111/jgs.12635
https://doi.org/10.1097/00063110-200510000-00004 

Eurasian | Med 2021; 53(2): 85-9

Sahingoz Erdal et al. Polypharmacy on the Charlson Comorbidity and Katz Index in Ageing ® 89

I5.

Kao KC, Hsieh MJ, Lin SW, et al. Survival pre-
dictors in elderly patients with acute respira-
tory distress syndrome: a prospective observa-
tional cohort study. Sci Rep. 2018;8(1):13459.
[Crossref]

Ternavasio-de la Vega HG, Castano-Romero
F Ragozzino S, et al. The updated Charlson
comorbidity index is a useful predictor of mor-
tality in patients with Staphylococcus aureus bac-
teraemia. Epidemiol Infect. 2018;146(16):2122-
2130. [Crossref]

Qian X, Chen H, Xia J, Wang J, Zhou X, Guo H.
Real-world clinical outcomes in elderly Chinese
patients with multiple myeloma: a single-center

experience. Med Sci Monit. 2018;24:5887-5893.
[Crossref]

Jimenez Caballero PE, Lopez Espuela F, Portilla
Cuenca JC, Ramirez Moreno JM, Pedrera
Zamorano |D, Casado Naranjo I. Charlson
comorbidity index in ischemic stroke and intra-
cerebral hemorrhage as predictor of mortal-
ity and functional outcome after 6 months.
J Stroke Cerebrovasc Dis. 2013;22(7):214-218.
[Crossref]

Lim LM, McStea M, Chung WW, et al. Prevalence,
risk factors and health outcomes associated with
polypharmacy among urban community-dwell-
ing older adults in multi-ethnic Malaysia. PLoS
One. 2017;12(3):e0173466. [Crossref]

20.

21.

22.

23.

Magsalin M. Reducing Polypharmacy in Long-term
Care Units. Dissertation. DN.P, Nursing Practice,
Drexel University; 2017. [Crossref]

Saraf AA, Petersen AW, Simmons SF et al.
Medications associated with geriatric syndromes
and their prevalence in older hospitalized adults
discharged to skilled nursing facilities. | Hosp Med.
2016;11(10):694-700. [Crossref]

Wyles H, Rehman HU. Inappropriate poly-
pharmacy in the elderly. Eur | Intern Med.
2015;16(5):311-313. [Crossref]

Fuiton MM, Allen ER. Polypharmacy in the
elderly: a literature review. ] Am Acad Nurse
Pract. 2005;17(4):123-132. [Crossref]


https://doi.org/10.1038/s41598-018-31811-w
https://doi.org/10.1017/S0950268818002480
https://doi.org/10.12659/MSM.907588
https://doi.org/10.1016/j.jstrokecerebrovasdis.2012.11.014
https://doi.org/10.1371/journal.pone.0173466
https://idea.library.drexel.edu/islandora/object/idea%3A7385
https://doi.org/10.1002/jhm.2614
https://doi.org/10.1016/j.ejim.2005.02.006
https://doi.org/10.1111/j.1041-2972.2005.0020.x

