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Abstract

Objectives: The aim of this study was to explore the relationship be-
tween performance in neurocognitive variables and daily functioning
in older adults with Mild Cognitive Impairment (MCI).

Methods: A sample of 157 participants with MCI aged 60-90 com-
pleted a battery of tests, including the Dementia Rating Scale (DRS),
Rey-Osterrieth Complex Figure (ROCF), Trail Making Test (TMT)
and scales for assessing basic (b-ADL) and instrumental Activities
of Daily Living (i-ADL). T-tests and logistic regression were used for
data analysis.

Results: Scores on the DRS-Attention (DRS-A) increased the prob-
ability of the participants being dependent (OR: 2.4) according to the
b-ADL. Scores on the DRS-Memory (DRS-M) (OR: 2.8), ROCF Re-
production (OR: 3.0) and TMT-A (OR: 4.4) increased the probability
of the participants being dependent according to the i-ADL. A final
model was created including these three tests, which indicated that
the DRS-M was the most relevant, increasing the probability of being
dependent according to the i-ADL (OR: 3.0).

Conclusion: Our study shows that memory and visuospatial tasks
predict being dependent according to the i-ADL and that attention
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predicts being dependent according to the b-ADL. Additionally, the
i-ADL seems to be more sensitive to the effects of cognitive decline.
These results point to the need to invest in programs that prevent
attention, memory, processing speed and visuospatial decline with
effects on performance in everyday functioning.

Keywords: Attention; Daily functioning; Memory; Mild cognitive im-
pairment; Visuospatial tasks

Introduction

Research on the decline in performance of Activities of Daily
Living (ADL) has increased in recent years due to population ag-
ing. Additionally, difficulties in instrumental ADL (i-ADL) seem to
be associated with Mild Cognitive Impairment (MCI) [1]. Cognitive
impairment appears in the literature to be associated with MCI and
is related to i-ADL [2]. The use of technology [3], medication man-
agement, telephone use, consultation management, finding things at
home, and financial management [4] are among the most severely
affected i-ADLs in patients with MCI. The magnitude of the defect
in ADL seems to be more severe in those abilities that depend on
memory [5]. The incidence rate of MCI with and without memory im-
pairment is 3.8% and 3.9%, respectively [6]. Other studies report that
these values can vary between 5.0% and 36.7%, and increase with the
age of the population [7]. Memory assessment, namely delayed recall,
has emerged as a good neuropsychological predictor of MCI [8].

Visuospatial skills are also associated with changes in cognitive
measures in advanced age [9]. Spatial ability is essential for function-
al independence and has emerged as an important factor in the diag-
nosis of MCI. The performance in visuomotor and graphomotor tasks
remains preserved in normal aging, although the time of accomplish-
ment increases [10]. In this way, impairment of visuospatial skills is
a potential diagnostic and prognostic indicator for neurological de-
generation [11]. It could be possible to anticipate rehabilitative in-
terventions for people with MCI if we have a better understanding of
their neuropsychological profile and daily functioning [12]. Addition-
ally, we can create more effective rehabilitation approaches by being
informed by the neuropsychological assessment results. For practi-
tioners, it is relevant to identify a reduced battery of neuropsycholog-
ical tests that can predict ADL difficulties. We suggest, therefore, the
hypothesis that the application of the Dementia Rating Scale (DRS),
in conjunction with others of wide application, namely the Rey-Oster-
rieth Complex Figure (ROCF) and Trail Making Test (TMT), can pre-
dict the daily functioning level of elderly adults with MCI. The DRS
[13,14], TMT [15] and ROCF [16] have been indicated as screening
tools for indicating the need for a thorough assessment of cognitive
state and ADL in elderly people with neurocognitive disorders. On
the other hand, TMT and ROCF measure specific neuropsychological
skills and are common clinical instruments in full neuropsychological
batteries in order to provide information regarding executive function
and visuoconstructional abilities. To our knowledge, there is no infor-
mation on how the combination of these three tests can be reported
for basic (b-ADL) and i-ADL. Therefore, the aim of this study is to
explore the relationship between daily functioning and performance
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on the DRS-2, TMT and ROCEF in older adults with MCI. Specifically,
it examines how these tests contribute to the prediction of dependence
as assessed by the b-ADL and i-ADL.

Materials and Methods

A total of 157 participants were selected [1] following the in-
clusion criteria: adults over 60 years old, average values between
questionable and mild impairment (154 participants: score 0.5; 3
participants: score 1.0) on the Clinical Dementia Rating, and being
diagnosed with MCI according to the criteria presented in the DSM-5.
The study was approved by the Ethics Committee of the University
of Evora (ref: 12271) and followed the Declaration of Helsinki. All
participants signed the informed consent form. The collection of cog-
nitive and functional data was carried out over two sessions, with a
duration of about one hour each. In the first session, all participants
completed the Katz index [17] (b-ADL) and the Lawton-Brody scale
[18] (i-ADL) in the presence of a caregiver who assisted. The Katz
index evaluates six activities considered basic in everyday life: wash-
ing, dressing, using the toilet, mobility, being continent and eating. A
score of 6 indicates independence and higher values indicate depen-
dence. The i-ADL assesses the level of independence of the elderly
person regarding instrumental activities and comprises eight tasks:
ability to use the phone, shopping, food preparation, housekeeping,
laundry, mode of transportation, responsibility for own medication
and the ability to handle finances. A score of 8 indicates indepen-
dence, and higher scores reflect poorer performance.

In the second session, all participants completed the DRS, ROCF
and TMT; only the interviewer was present. The DRS [19] consists
of five subscales: Attention (DRS-A), Initiation/Perseveration (DRS-
IP), Construction (DRS-Const), Conceptualisation (DRS-C) and
Memory (DRS-M). The ROCF allows the assessment of perceptual
activity and visual memory [20]. The application takes place firstly
in the presence of the figure. Soon after, with an interval of time not
exceeding 3 minutes, a reproduction is made from memory. The total
score is calculated as the sum of the points achieved by the subject.
The TMT has two parts: TMT-A, which measures attention, visual
perception, and visuo-motor speed and information processing; and
TMT-B, which evaluates working memory and executive functions
[21]. The result is calculated as the number of seconds required to
complete the task. Higher scores reflect better performance on the
DRS and ROCF and poorer performance in the TMT.

Normality of the data was analysed using the Kolmogorov-Smirn-
ov test. Initially, a descriptive analysis of demographic and clinical
characteristics was carried out. Logistic regressions were computed to
examine which neuropsychological variables contribute significant-
ly to b-ADL and i-ADL scores. We developed four linear regression
models, and for each model, b-ADL and i-ADL were considered sep-
arately as dependent variables. The independent variables were all
scales of DRS (model-1); performance in ROCF scales (model-2);
performance in TMT scales (model-3) and a final model (model-4)
in which all the significant variables detected in the previous mod-
els were included. For b-ADL, model 4 was not used because there
was only one scale with predictive value. Statistical analyses were
performed using the statistical package SPSSv.24 (IBM, New York,
USA). For all tests, the significance level was set at p < 0.05.

Results

Demographic and clinical data from the participants are sum-
marised in table 1. The sample was drawn from a rural population
where the level of education was low.

Mean+Standard Deviation
Gender (male/female) 50/107
Age (years) 73.66 +7.57
Schooling (years) 5.84 +3.27
CDR 0.51+0.07
b-ADL Katz Index 6.42 £ 0.96
i-ADL Lawton & Brody Scale 10.71 £2.61

Table 1: Demographic and clinical characteristics.

CDR: Clinical Dementia Rating Scale; basic activities of daily living Katz
Index; instrumental activities of daily living Lawton & Brody Scale.

For the b-ADL, the most strongly impaired subdomains were
transferring (seven participants with mild and two with a moderate
level of dependence) and continence (34 mild, two moderate). For
the i-ADL, 29.9% of people reported having mild and 1.3% moderate
difficulty in using the telephone; shopping (38.9% mild, 1.3% mod-
erate); food preparation (34.4% mild, 5.7% moderate); housekeeping
(27.4% mild, 5.1% moderate and 0.6% severe); laundry (24.2% mild,
0.6% moderate); mode of transportation (27.4% mild, 1.9% moderate
and 0.6% severe); responsibility for own medications (47.8% mild)
and ability to handle finances (4.5% mild). To assess the significance
of neuropsychological variables on the probability of being depen-
dent in daily functioning, binary logistic regressions were performed
using the Enter method. Regarding b-ADL (Table 2), we found the
following statistics describing the models: model-1 [X2 (6)=7.437; p
=0.279, R2 Nagelkerke=0.068]; model-2 [X2 (2)=2.106; p = 0.349,
R2 Nagelkerke=0.022]; and model-3 [X2 (2)=0.432; p = 0.806, R2
Nagelkerke=0.006].

Beta OR CI195% P value
DRS-A 0.914 2.493 1.082-5.743 | 0.032
DRS-IP 0.473 1.605 0.677-3.804 | 0.283
DRS-Const 0.482 1.620 0.636-4.126 | 0.312
Model 1
DRS-C 0.199 1.220 0.506-2.942 | 0.658
DRS-M 0.584 1.792 0.704-4.562 | 0.221
DRS-T -0.598 0.550 0.189-1.602 | 0.273
ROCF Rq -
Model 2 OCF Repro- [ +>7 1.694 0.540-5316 | 0.366
duction
ROCF Mem-
0.419 1.521 0.368-6.289 | 0.563
ory
TMT-A 0.179 1.196 0.460-3.111 0.713
Model 3
TMT-B -0.301 0.740 0.292-1.876 | 0.526

Table 2: Logistic regression analysis applied in order to estimate the effect
of neuropsychological aspects on b-ADL Katz Index.

DRS-A: Dementia Rating Scale Attention; DRS-IP: Dementia Rating
Scale Initiation/Perseveration; DRS-Const: Dementia Rating Scale Con-
struction; DRS-C: Dementia Rating Scale Conceptualization; DRS-M:
Dementia Rating Scale Memory; DRS-T: Dementia Rating Scale Total;
ROCF: Rey-Osterrieth Complex Figure; TMT: Trail Making Test.

The statistics regarding i-ADL are shown in table 3: model-1
[X2 (6)=21.663; p = 0.001, R2 Nagelkerke=0.199]; model-2 [X2
(2)=8.874; p=0.012, R2 Nagelkerke=0.093]; model-3 [ X2 (2)=9.403;
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p = 0.009, R2 Nagelkerke=0.116]; and model-4 [X2 (3)=18.935; p <
0.001, R2 Nagelkerke=0.205].

Beta OR CI95% P value
DRS-A 0.300 1.350 0.462-3.942 | 0.583
DRS-IP 0.351 1.420 0.509-3.963 | 0.503
DRS-Const 2.033 7.637 0.957-60.967 | 0.055
Model 1
DRS-C 0.695 2.004 0.634-6.336 | 0.236
DRS-M 1.048 2.851 1.067-7.618 | 0.037
DRS-T 0.121 1.128 0.333-3.819 | 0.846
ROCF Reproduc-
Model 2 | 1.114 3.047 1.140-8.142 | 0.026
tion
ROCF Memory | 0.487 1.627 0.508-5.212 | 0.412
TMT-A 1.485 4.414 1.361-14.318 | 0.013
Model 3
TMT-B 0.241 1.272 0.505-3.203 | 0.610
DRS-M 1.119 3.063 1.241-7.559 | 0.015
ROCF Reproduc-
Model 4 | 0.831 2.296 0.853-6.184 | 0.100
tion
TMT-A 0.983 2,672 0.942-7.582 | 0.065
Table 3: Logistic regression analysis applied in order to estimate the effect
of neuropsychological aspects on i-ADL Lawton & Brody Scale.
DRS-A: Dementia Rating Scale Attention; DRS-IP: Dementia Rating
Scale Initiation/Perseveration; DRS-Const: Dementia Rating Scale Con-
struction; DRS-C: Dementia Rating Scale Conceptualization; DRS-M:
Dementia Rating Scale Memory; DRS-T: Dementia Rating Scale Total;
ROCF: Rey—Osterrieth Complex Figure; TMT: Trail Making Test.

Discussion

The main goal of this study was to examine neurocognitive tests
that predict dependence as assessed by the b-ADL and i-ADL. To
estimate the relationship between neuropsychological aspects and the
b-ADL scores, we developed three models. DRS-A (predictive mod-
el-1) was the only test that increased the probability of being depen-
dent according to the b-ADL. An individual with an attention deficit is
nearly 2.5 times more likely to be dependent according to the b-ADL
than those with no attention deficit according to the DRS-A. This test
includes repetition of a series of numbers, execution of instructions,
counting, verbal recognition and visual correspondence. The DRS-A
requires the use of perceptual functions, namely hearing and vision.
It is known that these functions are affected by the aging process.
Attention is fundamental for selecting the relevant auditory and visual
information, and its decrement could lead to difficulties in performing
basic daily tasks.

We developed four models to estimate the effect of neuropsycho-
logical variables on i-ADL. Regarding the DRS, DRS-M significantly
increased, almost three-fold, the probability of being dependent ac-
cording to the i-ADL. This test proposes tasks of evocation and verbal
and visual recognition. According to our findings, evocation memory,
being a task proceeded by distracting tasks, presents a high level of im-
pairment, and was important to predict the ability to perform complex
daily activities in individuals with MCI. ROCF reproduction signifi-
cantly increased the probability of being dependent according to the
i-ADL. An individual with a deficit in visuographic reproduction has
a three-fold greater risk of being dependent according to the i-ADL
compared to those who performed well in this test. This is a test that
requires, in addition to the perceptive and integrative aspects of the
figure, global and local reproduction strategies. Regarding the TMT,
TMT-A significantly increased the probability of being dependent

according to the i-ADL. An individual with lower scores on TMT-A
had an approximately four times higher risk of being dependent ac-
cording to the i-ADL compared to those who show adequate perfor-
mance in this test, which measures attention, visual perception, vi-
suo-motor speed, and processing speed. According to our results, the
ability to switch between sequences in a complex process involved in
executive functions, assessed by TMT-B, did not seem to show a re-
lationship with the i-ADL score. These findings are in line with some
studies that suggest that planning or problem solving abilities do not
seem to show a relationship with the i-ADL score [22]. Others, how-
ever, demonstrated that subjects with higher executive dysfunction
tend to have more limitations in ADLs [15].

According to the literature, short-term verbal memory has emerged
as the most relevant cognitive domain predicting i-ADL score [8].
In the present study, we found that difficulties in visual-graphic Re-
production (ROCF Reproduction) and visual exploration/sequencing
(TMT-A) are also associated with some variation in i-ADL score.
Memory [14] and visuographic tasks [16] that incorporate different
processes at once, are needed to perform daily tasks like shopping,
food preparation, housekeeping, self-managing medication and han-
dling finances. There are also some studies showing that visuospatial
skills are relevant for functional independence [10]. One should high-
light that TMT-A, ROCF Reproduction, DRS-M and DRS-A could
be important in the diagnostic and prognostic determination of MCI
and in the selection of prevention or intervention techniques in cog-
nitive decline with age. We created a fourth statistical model, which
considered the three previous significant factors, and concluded that
the DRS-M was the only one that significantly increased the proba-
bility of being dependent according to the i-ADL. This model shows
that an individual with memory impairment has a three times higher
risk of being dependent according to the i-ADL compared to those
who perform well in the DRS-M assessment. This is not particularly
surprising considering that most of the participants with MCI (67.5%)
had mild to moderate memory impairment. The fourth logistic model
had high sensitivity, correctly classifying 94.2% of the subjects who
were considered dependent according to the i-ADL. The discriminat-
ing capacity (Figure 1) was acceptable (AUC=0.739; p <0.001).

Figure 1: Area under the ROC curve, for Dementia Rating Scale Mem-
ory (DRS-M) as predictor of on instrumental Activities of Daily Living
(i-ADL) Lawton & Brody Scale.
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In the present study, the subdomains of i-ADL with the highest
deficits were responsibility for own medication, shopping and prepar-
ing meals, which represent activities that require memory. The func-
tional abilities that depend on memory are more impaired in patients
with MCI. According to our findings, evocation memory, being pre-
ceded by distracting tasks, presents a high level of impairment and is
important for predicting the performance of complex daily activities
in individuals with MCI. Performance on tasks requiring free recall,
following distractor trials, provided the best predictor of the ability
to perform complex daily activities in individuals with MCI. These
results are in line with other studies that refer to memory impairment
as relevant for the diagnosis and determination of prognosis of MCI
[23].

The strengths of this study include the large sample size and the
administration of a neuropsychological screening with adequate pre-
dictive value. Nevertheless, the present study also included limita-
tions, such as the absence of other groups of the population (e.g., with
dementia, or without cognitive impairment) or the use of a scale of ad-
vanced ADL. The inclusion of these elements in future studies could
strengthen the analysis of the predictive power of neuropsychological
assessment on functional decline.

Conclusion

Memory and visuospatial tasks seem to contribute to the predic-
tion of dependence according to the i-ADL. Attention deficits predict
dependence according to the b-ADL. The i-ADL is more sensitive to
the effects of cognitive decline. These results point to the need for
interventions focused on attention, memory, and visuospatial decline
to prevent decrements in the performance of tasks in everyday func-
tioning.

Declaration of Competing Interest
None.

Funding Sources

None.

Data Availability Statement

The data that support the findings of this study are available from
the corresponding author, [R H], upon reasonable request.

References

1. Santos Henriques RPD, Tomas-Carus P, Filipe Marmeleira JF (2023) As-
sociation Between Neuropsychological Functions and Activities of Daily
Living in People with Mild Cognitive Impairment. Exp Aging Res 49:
457-471.

2. Reppermund S, Sachdev PS, Crawford J, Kochan NA, Slavin MJ, et al.
(2011) The relationship of neuropsychological function to instrumental
activities of daily living in mild cognitive impairment. Int J Geriatr Psy-
chiatry 26: 843-852.

3. Schmidt LI, Wahl HW (2019) Predictors of Performance in Everyday
Technology Tasks in Older Adults with and Without Mild Cognitive Im-
pairment. Gerontologist 59: 90-100.

4. Jekel K, Damian M, Wattmo C, Hausner L, Bullock R, et al. (2015) Mild
cognitive impairment and deficits in instrumental activities of daily living:
A systematic review. Alzheimers Res Ther 7: 17.

5. Farias ST, Mungas D, Reed BR, Harvey D, Cahn-Weiner D, et al. (2006)
MCI is associated with deficits in everyday functioning. Alzheimer Dis
Assoc Disord 20: 217-223.

10.

1

—_

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

Katz MJ, Lipton RB, Hall CB, Zimmerman ME, Sanders AE, et al. (2012)
Age-specific and sex-specific prevalence and incidence of mild cognitive
impairment, dementia, and alzheimer dementia in blacks and whites: A
report from the Einstein aging study. Alzheimer Dis Assoc Disord 26: 335-
343.

Sachdev PS, Lipnicki DM, Kochan NA, Crawford JD, Thalamuthu A, et
al. (2015) The prevalence of mild cognitive impairment in diverse geo-
graphical and ethnocultural regions: The COSMIC Collaboration. PLoS
One 10: 0142388.

Gainotti G, Quaranta D, Vita MG, Marra C (2014) Neuropsychological
predictors of conversion from mild cognitive impairment to Alzheimer’s
disease. J Alzheimers Dis 38: 481-495.

Gazoval, Vlcek K, Lacz6 J, Nedelska Z, Hyncicova E, et al. (2012) Spatial
navigation-A unique window into physiological and pathological aging.
Front Aging Neurosci 4: 16.

de Bruin, N., Bryant DC, MacLean JN, Gonzalez CLR (2016) Assessing
visuospatial abilities in healthy aging: A novel visuomotor task. Front Ag-
ing Neurosci 8: 7.

. Salimi S, Irish M, Foxe D, Hodges JR, Piguet O, et al. (2018) Can visu-

ospatial measures improve the diagnosis of Alzheimer’s disease? Alzhei-
mers Dement (Amst) 10: 66-74.

Tulliani N, Bissett M, Bye R, Chaudhary K, Fahey P, et al. (2019) The
efficacy of cognitive interventions on the performance of instrumental ac-
tivities of daily living in individuals with mild cognitive impairment or
mild dementia: protocol for a systematic review and meta-analysis. Syst
Rev 8: 222.

Nadler JD, Richardson ED, Malloy PF, Marran ME, Hosteller Brinson ME
(1993) The ability of the Dementia Rating Scale to predict everyday func-
tioning. Arch Clin Neuropsychol 8: 449-460.

Greenaway MC, Duncan NL, Hanna S, Smith GE (2012) Predicting func-
tional ability in mild cognitive impairment with the Dementia Rating
Scale-2. Int Psychogeriatr 24: 987-993.

Cornelis E, Gorus E, Van Schelvergem N, De Vriendt P (2019) The re-
lationship between basic, instrumental, and advanced activities of daily
living and executive functioning in geriatric patients with neurocognitive
disorders. Int J Geriatr Psychiatry 34: 889-899.

Isella V, Traficante D, Tagliabue CF, Mapelli C, Ferri F, et al. (2013) A
retrospective survey on rotated drawing in persons with mild cognitive
impairment or degenerative dementia. Clin Neuropsychol 27: 1300-1315.

Shelkey M, Wallace M (1999) Katz Index of Independence in Activities of
Daily Living. Journal of Gerontological Nursing 25: 8-9.

Lawton MP, Brody EM (1969) Assessment of older people: Self-maintain-
ing and instrumental activities of daily living. Gerontologist 9: 179-186.

Jurica P, Leitten C, Mattis S (2001) Dementia Rating Scale-2: Professional
manual. Psychological Assessment Resources, California, USA.

Kasai M, Meguro K, Hashimoto R, Ishizaki J, Yamadori A, et al. (2006)
Non-verbal learning is impaired in very mild Alzheimer’s disease (CDR
0.5): Normative data from the learning version of the Rey-Osterrieth Com-
plex Figure Test. Psychiatry Clin Neurosci 60: 139-146.

. Lezak MD, Howieson DB, Loring DW (2004) Neuropsychological As-

sessment (4thedn). O. U. Press, USA.

Amanzio M, Palermo S, Zucca M, Rosato R, Rubino E, et al. (2018) Neu-
ropsychological correlates of instrumental activities of daily living in neu-
rocognitive disorders: A possible role for executive dysfunction and mood
changes. Int Psychogeriatr 30: 1871-1881.

Petersen RC (2016) Mild Cognitive Impairment. Continuum (Minneap
Minn) 22: 404-418.

J Gerontol Geriatr Med ISSN: 2381-8662, Open Access Journal

DOI: 10.24966/GGM-8662/100187

Volume 9  Issue 4 « 100187


https://dx.doi.org/10.24966/GGM-8662/100187
https://pubmed.ncbi.nlm.nih.gov/20845500/
https://pubmed.ncbi.nlm.nih.gov/20845500/
https://pubmed.ncbi.nlm.nih.gov/20845500/
https://pubmed.ncbi.nlm.nih.gov/20845500/
https://pubmed.ncbi.nlm.nih.gov/29878116/
https://pubmed.ncbi.nlm.nih.gov/29878116/
https://pubmed.ncbi.nlm.nih.gov/29878116/
https://pubmed.ncbi.nlm.nih.gov/25815063/
https://pubmed.ncbi.nlm.nih.gov/25815063/
https://pubmed.ncbi.nlm.nih.gov/25815063/
https://pubmed.ncbi.nlm.nih.gov/17132965/
https://pubmed.ncbi.nlm.nih.gov/17132965/
https://pubmed.ncbi.nlm.nih.gov/17132965/
https://pubmed.ncbi.nlm.nih.gov/22156756/
https://pubmed.ncbi.nlm.nih.gov/22156756/
https://pubmed.ncbi.nlm.nih.gov/22156756/
https://pubmed.ncbi.nlm.nih.gov/22156756/
https://pubmed.ncbi.nlm.nih.gov/22156756/
https://pubmed.ncbi.nlm.nih.gov/26539987/
https://pubmed.ncbi.nlm.nih.gov/26539987/
https://pubmed.ncbi.nlm.nih.gov/26539987/
https://pubmed.ncbi.nlm.nih.gov/26539987/
https://pubmed.ncbi.nlm.nih.gov/24002185/
https://pubmed.ncbi.nlm.nih.gov/24002185/
https://pubmed.ncbi.nlm.nih.gov/24002185/
https://pubmed.ncbi.nlm.nih.gov/22737124/
https://pubmed.ncbi.nlm.nih.gov/22737124/
https://pubmed.ncbi.nlm.nih.gov/22737124/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740775/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740775/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4740775/
https://pubmed.ncbi.nlm.nih.gov/29780858/
https://pubmed.ncbi.nlm.nih.gov/29780858/
https://pubmed.ncbi.nlm.nih.gov/29780858/
https://pubmed.ncbi.nlm.nih.gov/31462306/
https://pubmed.ncbi.nlm.nih.gov/31462306/
https://pubmed.ncbi.nlm.nih.gov/31462306/
https://pubmed.ncbi.nlm.nih.gov/31462306/
https://pubmed.ncbi.nlm.nih.gov/31462306/
https://pubmed.ncbi.nlm.nih.gov/14589714/
https://pubmed.ncbi.nlm.nih.gov/14589714/
https://pubmed.ncbi.nlm.nih.gov/14589714/
https://pubmed.ncbi.nlm.nih.gov/22265236/
https://pubmed.ncbi.nlm.nih.gov/22265236/
https://pubmed.ncbi.nlm.nih.gov/22265236/
https://pubmed.ncbi.nlm.nih.gov/30761619/
https://pubmed.ncbi.nlm.nih.gov/30761619/
https://pubmed.ncbi.nlm.nih.gov/30761619/
https://pubmed.ncbi.nlm.nih.gov/30761619/
https://pubmed.ncbi.nlm.nih.gov/24099048/
https://pubmed.ncbi.nlm.nih.gov/24099048/
https://pubmed.ncbi.nlm.nih.gov/24099048/
https://journals.healio.com/doi/10.3928/0098-9134-19990301-05
https://journals.healio.com/doi/10.3928/0098-9134-19990301-05
https://pubmed.ncbi.nlm.nih.gov/5349366/
https://pubmed.ncbi.nlm.nih.gov/5349366/
https://pubmed.ncbi.nlm.nih.gov/16594936/
https://pubmed.ncbi.nlm.nih.gov/16594936/
https://pubmed.ncbi.nlm.nih.gov/16594936/
https://pubmed.ncbi.nlm.nih.gov/16594936/
https://pubmed.ncbi.nlm.nih.gov/29789032/
https://pubmed.ncbi.nlm.nih.gov/29789032/
https://pubmed.ncbi.nlm.nih.gov/29789032/
https://pubmed.ncbi.nlm.nih.gov/29789032/
https://pubmed.ncbi.nlm.nih.gov/27042901/
https://pubmed.ncbi.nlm.nih.gov/27042901/

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


info@heraldsopenaccess.us
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

