
Unobtrusive measurement of daily computer use to detect mild
cognitive impairment

Jeffrey Kaye, MD1,2,3,4, Nora Mattek, MPH1,2, Hiroko H Dodge, PhD1,2, Ian Campbell, MS1,4,
Tamara Hayes, PhD1,4, Daniel Austin, MS1,4, William Hatt, BS1,5, Katherine Wild, PhD1,2,
Holly Jimison, PhD1,5, and Michael Pavel, PhD1,4

1Oregon Center for Aging & Technology, Oregon Health & Science University
2Department of Neurology, Oregon Health & Science University
3Neurology Service, Portland Veteran Affairs Medical Center
4Department of Biomedical Engineering, Oregon Health & Science University
5Department of Medical Informatics and Clinical Epidemiology, Oregon Health & Science
University

Abstract
Background—Mild disturbances of higher order activities of daily living are present in people
diagnosed with mild cognitive impairment (MCI). These deficits may be difficult to detect among
those still living independently. Unobtrusive continuous assessment of a complex activity such as
home computer use may detect mild functional changes and identify MCI. We sought to determine
whether long-term changes in remotely monitored computer use differ in persons with MCI in
comparison to cognitively intact volunteers.

Methods—Participants enrolled in a longitudinal cohort study of unobtrusive in-home
technologies to detect cognitive and motor decline in independently living seniors were assessed
for computer usage (number of days with use, mean daily usage and coefficient of variation of
use) measured by remotely monitoring computer session start and end times.

Results—Over 230,000 computer sessions from 113 computer users (mean age, 85; 38 with
MCI) were acquired during a mean of 36 months. In mixed effects models there was no difference
in computer usage at baseline between MCI and intact participants controlling for age, sex,
education, race and computer experience. However, over time, between MCI and intact
participants, there was a significant decrease in number of days with use (p=0.01), mean daily
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usage (~1% greater decrease/month; p=0.009) and an increase in day-to-day use variability
(p=0.002).

Conclusions—Computer use change can be unobtrusively monitored and indicate individuals
with MCI. With 79% of those 55–64 years old now online, this may be an ecologically valid and
efficient approach to track subtle clinically meaningful change with aging.

Keywords
Mild Cognitive Impairment; Assessment of cognitive disorders/dementia; Cohort studies;
Activities of daily living; Computer use

1. Introduction
The use of technology and in particular computer-based devices continues to proliferate in
everyday life. This phenomenon although commonly thought to be characteristic of younger
populations is also seen among our aging population. Almost eighty percent of adults age
55–64 who represent the next generation of seniors are on-line in the US [1]. This
generation has among the most rapid rates of adoption of smartphone [2] and social media
technologies [1]. They are perceived as driving the digital fitness industry with their interest
in playing on-line games and participating in brain fitness programs to stave off cognitive
decline. The shift to adoption of computer technologies may also come of necessity. For
example, last year the Social Security Administration announced that they would no long
mail annual statements, but only post them on-line. The increasing use and incorporation of
these technologies into the flow of the day has in effect created a new higher order or
“instrumental” activity of daily living (IADL) increasingly important to the senior
community, achieving in many cases the status of a near necessity for contemporary life.

In the context of considering computer activity as an emerging IADL, it is important to
consider computer use itself as a complex task taxing multiple cognitive domains (attention,
working memory, episodic memory, executive function, etc.). As a complex task, computer
use is likely to be sensitive to cognitive change and thus might be a bellwether of brain
health, aging cognition or the onset of mild cognitive impairment (MCI). This is especially
important for the growing community of adults age 55–64.

People with MCI are by definition not demented. However, definitions of MCI are not
specific with regard to criteria for determining the functional status of the person with MCI,
leaving uncertainty as to what degree of function qualifies as having “essentially normal
functional activities”[3]. This is at least in part a reflection of the difficulty of clinically
assessing the gradual and subtle affect that mildly degraded cognition may have on day-to-
day function. People with MCI may continue to work and independently engage in
community and household affairs and to operate electronic devices. Nevertheless, a large
body of evidence suggests that mild cognitive decline is accompanied by decrements in the
ability to perform complex IADLs such as medication taking, telephone use and meal
preparation, even years before frank dementia or symptomatic MCI is evident[4–16].
Speaking to the subtlety of this functional disturbance, several studies have shown that self-
report may not be adequate to detect this change. Thus, direct functional performance tasks
simulating IADLs and performed in front of a clinician or examiner may be more sensitive
to identifying IADL deficits in MCI[12, 14, 15]. However, these direct assessments add to
the time of testing and although they involve direct manipulation of common objects to
assess function some of these items may not be a part of activities in which the person
routinely engages such as writing a check or mailing a letter. The assessment is not
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ecologically valid and does not reflect how the person performs in their usual daily
environment over time.

An alternative approach to the assessment of daily function is to bring the assessment into
the home through remote monitoring using sensors strategically placed in the home
environment to continuously track daily function in real time. Thus a home network of
motion sensors can provide information about functional activity in particular locations of a
residence, while specific instrumentation of devices commonly used such as the telephone,
medication caddies or a personal computer provides information about the interaction with
these devices. In this paper we present results from a longitudinal cohort study (ISAAC,
Intelligent Systems for Assessing Aging Change) comparing older people with MCI to non-
cognitively impaired individuals living independently by assessing the specific higher order
activity of daily living, computer use. In order to study computer use in the current aging
population where computer use is not as prevalent as in the next generations, we initially
trained each participant to a level of computer literacy defined as being able to
independently send and receive email. We hypothesized that over time those with MCI
would spend fewer days and less time on the computer and that their day-to-day variability
in usage would increase.

2. Methods
2.1. Study Participants

The research protocol was approved by the Oregon Health and Science University
Institutional Review Board. (OHSU IRB #2353). All participants provided written informed
consent. Participants were recruited from the Portland, Oregon metropolitan area through
advertisement and presentations at local retirement communities as part of the ISAAC
longitudinal cohort study. Details of the study protocol for ISAAC have been published
elsewhere [17]. Briefly, entry criteria for the study included being a man or woman age 70
or older, living independently (living with a companion or spouse was allowed, but not as
caregiver), not demented (Mini-Mental State Examination (MMSE[18]) score > 24; Clinical
Dementia Rating[19] scale score ≤ 0.5) and in average health for age. Medical illnesses that
would limit physical participation (e.g. wheelchair bound) or likely lead to untimely death
(such as certain cancers) were exclusions. A total of 265 participants were enrolled
(beginning in 2007). The participants lived in a variety of settings from apartments in
organized retirement communities to free standing single-family homes. In this report we
present data for 113 participants living alone or who were the only computer user at home.

2.2. Clinical Assessment Procedures
Participants were clinically assessed at baseline and during annual visits in their home using
a standardized battery of tests consisting of physical and neurological examinations[17]. In
addition to the MMSE, participants were administered the Geriatric Depression Scale,[20]
the Functional Activities Questionnaire (FAQ)[21] and medication use was recorded. Health
status was further assessed by the modified Cumulative Illness Rating Scale (CIRS)[22].
Diagnosis of MCI was made using the Petersen framework[23] operationalized as absence
of dementia, none or minimal functional impairment (dependent on less than three activities
on the FAQ)19, normal general cognitive function (MMSE≥24) and objective impairment on
one or more of six neuropsychological tests considered to be representative of five cognitive
domains (Logical Memory Delayed (memory)[24], Category Fluency: Animals (executive
function), Trail Making B (executive function)[25], WAIS Digit Symbol (attention) [26],
Boston Naming Test (language)[27], WAIS-R Block Design (visual-perceptive function)
[25]. Impairment on neuropsychological testing was defined as a score 1.5 SDs or more
below the model-derived predicted mean values stratified by age, education and sex based
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on previously published normative data[28]. Amnestic MCI was defined as a decrement in
the memory domain with or without decrement in other domains. Non-amnestic MCI was
defined as a decrement in one or more non-memory domains.

2.3. Home sensor network and unobtrusive data collection
Continuous activity data was collected using an unobtrusive activity assessment system
consisting of several types of motion and contact sensors in the home of each participant
[17]. Metrics assessed by the sensors include total daily activity, time out of home, and
walking speed[29]. These measures although not reported specifically here were used in the
context of collecting computer use data to identify general activity such as whether a person
was out of the home for extended periods of time and thus not using their computer. Data
from all sensors were received by a dedicated research laptop computer placed in the
participant's home (not the participant's personal computer), time-stamped and stored in an
SQL database. All data were automatically uploaded daily to a central database in the
project data center.

2.4. Computer Installation, Setup, and Training
Each participant received a desktop computer (or could choose to use their own). Internet
broadband services were provided to facilitate data acquisition and participation in all study
activities. At study screening research personnel observed and scored participant proficiency
on 20 computer-based tasks such as opening an Internet browser or going to a specific Web
site using the Web site address[17]. Based on the results of this proficiency assessment,
participants were categorized as novice or intermediate users and were then invited to
participate in either a novice or intermediate level computer training program. The
Computer and Internet Literacy Program was developed specifically for implementation
with older adults. The program consists of six one-hour instructor led sessions designed to
achieve computer proficiency, defined as the ability to launch computer programs from the
desktop, send and receive email, and navigate the Internet.

Each participant was issued a personal login password to begin each computer session
identifying them as a unique user. Participants were asked to use their computers daily.
Study participants received and completed a weekly online health questionnaire covering
nine areas concerning medication changes, falls, injuries, health changes, emergency room
visits, depression, changes to living space, vacations, and visitors. Research assistants
contacted participants who failed to complete their online health questionnaire on-time.

An online database and project tracking software, “The Console”, was created to examine
the status of daily data transfer and quality[30]. The software also provided a secure
interface to access data summaries and plots of activity, alerting staff to equipment
malfunction (e.g., dead sensor battery), changes in behavior pattern (e.g., decline in sensor
firings), and non-compliance (e.g., failure to complete the weekly health questionnaire).
Home monitoring systems were remotely accessed for trouble-shooting or software
upgrades. Assistance was available throughout the study by a helpline or email to answer
questions and to perform in-person computer fixes.

2.5. Computer Use Algorithm
Computer sessions were calculated using mouse movement data. Each mouse movement of
more than five pixels generated a Windows event that was saved and time-stamped. Each
day was partitioned into 5 minute periods, and for any period with more than 100 mouse
events the computer was considered `in use'. The value of 100 events was chosen
empirically to remove a slow drift of mouse position during periods of inactivity. The total
time on the computer per day was then estimated as the sum of these 5-minute in-use
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periods, measured in minutes. Number of days with any computer usage was summed for
each month on-study. Mean daily usage (in hours) was the sum of total time on the computer
per month divided by total number of days with usage in the month. Coefficient of Variation
(COV) of computer use per month was a measure of the variability or consistency in day-to-
day usage per month. Monthly COV of usage was calculated as follows: generate total usage
per day (including days with no usage), calculate mean and SD for each month. The
coefficient of variation equaled the ratio of the monthly standard deviation to its mean
multiplied by 100 (a dimensionless number). Mean daily use and COV of usage were log-
transformed to achieve normal distributions.

2.6. Data Analysis
Characteristics at baseline including demographics, neuropsychological test scores and
general computer experience (novice or more experienced) were compared between
cognitively intact and MCI using Student's t-test or Wilcoxon Ranked Sum Test for
continuous variables and Pearson Chi-Square test for categorical variables. Computer usage
during the baseline month was compared between intact and MCI participants as well.
Linear mixed effects models were generated with the three computer activity variables
(number of days in use per month, mean daily use (in minutes) and day-to-day variability in
use (COV)) as unique outcomes, adjusted for age, gender, education, race, mood (as
measured by GDS), and computer proficiency, and including both random intercepts and
random time scales (i.e., months from baseline). A sensitivity analysis was performed in
which non-white participants were excluded from the analysis. As a post-hoc analysis we
repeated the models with MCI sub-grouped as amnestic or non-amnestic MCI subtypes. All
analyses were performed using SAS 9.2 (Cary, NC).

3. Results
Baseline characteristics of the 113 computer users are given in Table 1. Participants were
older adults (mean age: 85 years), 92 (81%) female, 14 (12%) non-white with a mean of 15
years of education. The volunteers were relatively healthy (mean CIRS: 21; range of
possible scores = 14 – 70) and free from dementia (mean MMSE = 29; mean FAQ = .75).
About half of participants (46%) were considered novice computer users at entry. Over
230,000 computer sessions from 124,000 participant-days of use across the cohort were
recorded during a mean of 36 ± 6 (SD) months of follow-up. Thirty-eight of these
participants had MCI (9 amnestic MCI; 29 nonamnestic). MCI participants did not differ
from the cognitively intact according to demographics or baseline computer experience.
MCI participants scored lower on all six neuropsychological tests as compared to
cognitively intact participants. During the study period 15 participants died or withdrew, the
drop-out rate was similar among MCI and intact participants.

MCI participants did not differ from normal participants during the baseline month
according to number of days with use, mean daily use (in hrs) or COV of usage (Table 2).
Figure 1 presents the differences in predicted mean days on computer (in hrs) by study
month for both MCI and cognitively intact participants. During years 2 and 3 of follow-up
MCI participants spent consistently fewer days on the computer than cognitively intact
participants. There was no difference in number of days/month with use (p=0.78) at baseline
between the MCI and intact groups controlling for age, sex, education, race, mood (as
measured by GDS), and computer proficiency. However, there was a decrease in number of
days/month with use over time among MCI compared to intact cases (p=0.01) (Model 1,
Table 3). There was no difference in mean daily use (p=0.71) at baseline between the MCI
and intact groups adjusted for covariates. However, there was a decrease in mean daily use
over time among MCI (~1% greater decrease/month, i.e., e−0.008=0.992) compared to intact
cases; p=0.01) (Model 2, Table 3). Finally adjusted day-to-day variability in usage did not
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differ between the MCI and intact groups at baseline (p=0.65). However, there was an
increase in variability (COV) of usage over time among MCI compared to intact cases
(p=0.002) (Model 3, Table 3). In a sensitivity analysis we excluded non-white participants
from the analysis; all results (MCI*time interactions) remained significant.

In post-hoc analysis MCI participants were sub-classified as amnestic MCI (n=9) and non-
amnestic MCI (n=29) and the three mixed effects models were re-generated. In all three
instances, both sub-groups showed trends in the original direction with non-amnestic MCI
participants maintaining significance (p < 0.05) while amnestic MCI participants did not
reach significance. Additionally, since we collect information on when participants take
vacations or leave home due to medical issues (i.e. hospitalization) we were able to verify
that there were no overall differences in days out of the house between MCI and intact
participants (6% of days overall) where presumably no computer use could occur.

There were significant differences in usage depending on the time of day (p<0.0001),
although the relative frequency of when participants logged onto their computers by hour of
the day was not different between MCI and cognitively intact participants (Figure 2). On
average, the most common time period of day to log on was between 1:00 and 5:00 pm.

4. Discussion
We have demonstrated for the first time that an IADL – computer use - can be continuously
monitored in seniors' homes for years without major intrusions in the participant's usual
routine. We have further shown for the first time, that computer use is significantly different
over time between independently living older persons with MCI and age-matched, non-
cognitively impaired volunteers. This suggests that unobtrusive instrumentation of the home
environment is a promising new approach to detecting ecologically valid change in a
person's daily function. Computer time use as reported here is a simple measure that may
reflect cognitive decline indirectly because users find it more effortful to navigate and use
what is often a complex and changing interface. As a result they may increasingly keep their
sessions brief and less frequent. There is little data with regard to how people with MCI
perceive their computer performance over time. People with MCI have a general lack of
awareness of deficit or anosognosia for their cognitive impairment, as well as their
functional ability when tested in the clinic[31, 32]. This may extend to their awareness of
computer use proficiency. A relative lack of awareness of computer self-efficacy may
explain the notable sustained use of their computer, albeit at a lower intensity for many
months. At annual ISAAC assessments participants were asked about their attitudes and
beliefs regarding computer use (data not shown). There were significant differences in
several areas of computer self-efficacy between MCI and cognitively intact persons. MCI
volunteers reported less confidence and more anxiety over time while using their computer
relative to cognitively intact seniors who gained confidence[33].

Because the cohort of MCI participants was largely of the non-amnestic MCI subtype (a
proportion similar to other community cohort studies)[34–37], the computer use results may
be characteristic of those with non-amnestic MCI. In post-hoc analyses, we found similar
trends in declining computer usage over time among non-amnestic and amnestic MCI alike,
but the smaller number of amnestic MCI cases does not allow a definitive conclusion to be
made at this time. Further, this cohort of MCI participants is best considered to be composed
of very early MCI since they were required to score at a minimum 1.5 SD below the mean of
their peers on only one or more of the cognitive tests in the battery. The early MCI character
of this group is further supported by the fact that these were people with MCI at entry who
lived alone and by definition needed to function independently on their own. Note at entry
they were able to learn to use a computer to criterion (able to reliably send and receive
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email). Nevertheless, during follow-up, we observed a significant decline in cognitive test
scores while the functional measures (FAQ) remained relatively stable. Thus, none
progressed to dementia. The MCI group's declining scores remained consistently lower
compared to the intact group throughout the follow-up period. These studies suggest that
continuous assessment of computer use is sensitive to subtle early decline in MCI. It will
take longer follow-up to identify the ultimate clinical and neuropathological outcomes of
these volunteers.

Other measures of computer use that reflect cognitive function may also be unobtrusively
obtained. For example, when a user logs on to the computer typing their password, this
forms an opportunity to record inter keystroke intervals. This repeated computer use task
thus forms an everyday measure of psychomotor speed akin to finger tapping tasks
performed in the clinic[38] which have been shown to change around the time of dementia
diagnosis[39]. Other means of taking advantage of the routine use of a computer without
formal testing may reside in monitoring game playing behavior patterns for those who enjoy
playing computer-based games[40].

The ISAAC cohort is relatively healthy, educated, and largely composed of computer
novices at entry. Future research will need to determine the extent to which prior levels of
experience or training influences the decline in computer use seen in our MCI cohort. Other
factors that may affect computer use may be important to capture in future studies such as
lifelong interest in learning and cognitive engagement. Because computer use among the
current population over age 65 is relatively low (estimated as 46%,[1]), although growing
rapidly, some may argue that this approach is not generalizable. However, as noted in the
introduction, the next generation of seniors have begun to turn 65 and this group is a much
more active computer using generation[1]. Thus, the majority of future seniors at risk for
MCI and dementia may be on-line, accessible through the Internet and with their consent
could be assessed without intrusion across a broad range of computer use attributes on a
wide-scale for early signals of cognitive decline. This approach is inherently highly scalable
and less costly than person-to-person screening. For those who advocate for screening for
cognitive impairment (there are clearly pros and cons to the issue), computer use monitoring
lowers the cost barrier.

Obviously there are important privacy and security issues that must be kept in mind. As is
widely known, currently, anyone routinely using the Internet and any standard search engine
such as Google is being monitored for use patterns. Accordingly, there are important
considerations as to how and why data is recorded when a computer is used. With this in
mind, we and others have studied closely the attitudes and beliefs of older adults and their
use of technologies and have found that there is overall wide acceptance of the use of remote
unobtrusive health and functional assessments including computer use monitoring as long as
it is performed with the intent of providing opportunities for early warning of decline or
ongoing health maintenance [41–43]. Thus, for example, in a study of attitudes and beliefs
about remote ambient home-based monitoring among older persons, the acceptance by older
adults of unobtrusive in-home monitoring was closely tied to the perceived utility of the data
generated by such systems[41]. In a study of particular relevance to the current study, a
majority of patients with MCI, as well as similarly aged older adults without cognitive
impairment were willing to share computer use data specifically with one's doctor or family
members [43]. Interestingly, the MCI group was even more accepting of computer use
monitoring than those without MCI indicating again that concerns about privacy or security
may be less among those with the most perceived potential to gain from ongoing
monitoring. In this case we suggest that this reflects the attitude of many older adults who
are willing to make concessions to their privacy if such compromises may facilitate their
remaining in their home away from institutional care.
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For individuals who are not computer users there are many other IADLs that lend
themselves to this remote assessment approach. For example, medication-taking behavior
can be readily assessed by instrumentation of a common 7-day pill-box so that the time and
date of compartment openings is recorded. This approach has shown in a five week study
that those with MCI are significantly less able to adhere to a medication taking regimen than
those with better cognitive function[4]. Many other commonly used devices such as
telephones, televisions and kitchen appliances are amenable to similar instrumentation.
Because the set-up process involves a one-time visit to a home, one can imagine that
multiple indicators of IADL's can be deployed and interrogated with this approach and
theoretically the sensitivity of detecting early change would be increased by combining or
fusing multiple domains of activity. Ultimately these data may lead to a convergence of the
“formal” episodic assessment of cognitive domains thought to be key to performing
meaningful tasks and the direct measurement of these tasks themselves in real time at home
or in the community.
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Figure 1.
Mean days on computer by study month in MCI and cognitively intact participants.
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Figure 2.
Aggregated computer session start times (relative frequency) between MCI and cognitively
intact participants by time of day.
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Table 1

Baseline characteristics between MCI and cognitively intact participants

Characteristic Cognitively Intact (n=75) MCI (n=38) P value

Age (yrs) 84.6 ± 4.3 84.3 ± 4.8 0.67

Gender (% Women) 79% 84% 0.48

Non-white (%) 5% 24% <0.01

Education (yrs) 15.4 ± 2.5 15.5 ± 2.2 0.67

Novice user at entry (%) 42% 53% 0.28

Duration of follow-up (yrs) 3.0 ± 0.4 3.0 ± 0.5 0.24

MMSE 28.9 ± 1.4 28.5 ± 1.4 0.1

GDS 0.8 ± 1.1 0.9 ± 1.1 0.6

FAQ 0.5 ± 1.3 1.1 ± 2.6 0.54

CIRS 21.0 ± 2.7 21.3 ± 3.9 0.84

Logical Memory Delayed 12.6 ± 3.6 10.2 ± 4.2 0.004

Category Fluency: Animals 19.0 ± 4.9 14.5 ± 4.7 <0.0001

Trail Making Test Part B 99.4 ± 31.8 164.3 ± 69.8 <0.0001

WAIS Digit Symbol Test 42.1 ± 8.0 31.8 ± 9.9 <0.0001

Boston Naming Test 26.8 ± 2.1 24.2 ± 3.4 <0.0001

WAIS-R Block Design 23.4 ± 6.9 18.5 ± 8.0 0.005
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Table 2

Computer use during baseline month between MCI and cognitively intact participants

Activity measure Cognitively Intact (n=75) MCI (n=38) p-value

Baseline days with computer use (#) 19.8 ± 8.9 17.7 ± 8.0 0.20

Baseline daily mean use (hrs) 1.5 ± 1.1 1.5 ± 1.7 0.06

Baseline coefficient of variation (COV) of usage 112.2 ± 65.1 129.9 ± 66.1 0.11
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Table 3

Results of multivariate linear mixed effects models

Model 1 Days on Computer/Month Model 2 Daily Mean Use/Month Model 3 COV of Use/Month

Covariate Coefficient p-value Coefficient p-value Coefficient p-value

Age (yrs) −0.422 0.01* −0.015 0.25 0.026 0.03*

Female 0.719 0.69 0.174 0.23 −0.056 0.65

Education (yrs) −0.060 0.84 −0.021 0.35 −0.002 0.94

Novice User −2.858 0.06 −0.549 <0.0001*** 0.206 0.04*

Non-white −4.762 0.06 0.005 0.98 0.373 0.03*

MCI at baseline 0.436 0.78 0.045 0.71 −0.048 0.65

Duration (months) −0.030 0.38 0.0003 0.88 0.0003 0.90

Novice * Duration −0.082 0.08 −0.005 0.057 0.006 0.069

MCI * Duration −0.119 0.01* −0.008 <0.01** 0.010 0.002**

*
p<0.05,

**
p<0.01,

***
p<0.0001
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