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Abstract

Objective—To examine the independent and combined influences of late-life cognitive activity
(CA) and physical activity (PA) on risk of incident mild cognitive impairment (MCI).

Methods—We used interval censored survival modeling to examine risk of incident MCI
(Clinical Dementia Rating (CDR)=0.5) as a function of CA (high vs. low) and at least moderate
intensity PA (any vs. none) among 864 cognitively normal (CDR=0) older adults.

Results—During three annual follow-up waves, 72 participants developed MCI. Compared to
low CA with no PA, significant reductions in risk for MCI were observed for high CA with any
PA (HR=0.20, 95% CI 0.07-0.52) and low CA with any PA (HR=0.52, 95% CI 0.29-0.93), but
not for high CA without PA (HR=0.94, 95% CI 0.45-1.95).

Conclusions—These findings suggest that a combination of CA and PA may be most
efficacious at reducing risk for cognitive impairment.
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1. INTRODUCTION

Mild cognitive impairment (MCI) is an intermediate cognitive state between normal aging
and dementia [1]. Importantly, individuals with MCI are more likely to progress to dementia
than their cognitively normal counterparts [1]. Developing and testing lifestyle interventions
is a priority action of the National Alzheimer’s Project Act (NAPA) to potentially prevent or
treat Alzheimer’s disease and related dementias. Two of the most promising lifestyle
behaviors are: 1) engaging in cognitively stimulating activities, and 2) above average levels
of physical activity [2]. Indeed, if it were possible to reduce the prevalence of cognitive or
physical inactivity by 10-25%, this could potentially lower the number of AD cases by up to
nearly 1 million worldwide [3]. Observational studies suggest that engaging in activities
requiring mental effort confers a reduced risk of both MCI [4, 5] and dementia [6-8], and
more physically active older adults have a lower risk of MCI [9] and dementia [10-13] than
those who are not as active. Because intervention studies have yielded mixed results when
examining the separate effects of cognitive [14] and physical [15] activity, there is now
growing interest in combined intervention strategies [16, 17].

There is sparse observational research examining the independent value of cognitive and
physical activity, or whether these activities when combined have larger and/or broader
benefits to risk of cognitive impairment than either alone. The purpose of this observational
study was to examine the independent and combined effects of cognitive and physical
activity on risk for incident MCI in a population-based cohort study.

2. METHODS

2.1 Participants

Participants were members of a prospective cohort study designed to investigate MCI in the
community, locally known as the Monongahela-Youghiogheny Healthy Aging Team
(MYHAT). Details of the study design and methods are published elsewhere [18]. Briefly,
community-dwelling elders aged 65 years or older were randomly drawn from voter
registration lists of select towns in a geographically defined region of Southwestern
Pennsylvania between 2006 and 2008. A total of 2,036 participants were initially recruited;
based on an age-education adjusted Mini-Mental Status Examination (MMSE) score < 21/30
[19], 54 were considered too cognitively impaired for a study of MCI. The remaining 1,982
had a mean age of 77.6 years, were 61% female, 94.8% White, and had a median education
level of high school graduate; 41.1% had more than high school education. These
participants were assessed in detail on a range of demographic, psychosocial (e.g., lifestyle
activities, social support, depressive symptoms) and health-related (e.g., health history,
function, medication use, health services utilization, and neuropsychological performance)
measures and followed annually for 6 years. The MYHAT study protocol was reviewed and
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approved by the Institutional Review Board of the University of Pittsburgh and written
informed consent was obtained from all participants.

Because a key study measure, the Florida Cognitive Activities Scale (FCAS; described
below), was added after the initial assessment, the wave at which a given participant was
first assessed on the FCAS (second, third, or fourth wave) was considered his/her
“baseline”; reducing the maximum follow-up to three years. Figure 1 shows the flow of
participants into the present analysis. Participants with complete data on the measure of
cognitive and physical activity (n=1,322) were initially eligible. We then excluded a total of
458 (34.6%) individuals: 158 (12.0%) who only had “baseline” data without any follow-up,
2 (0.2%) who reverted back to CDR=0 after progression to CDR=0.5 during subsequent
follow-up, and 298 (22.5%) with prevalent cognitive impairment (CDR =0.5) at “baseline.”
The remaining 864 were younger, had more education, more likely to be White, had a higher
MMSE score, had fewer depressive symptoms, rated their health as very good or excellent,
took fewer prescription medications, and engaged in high levels of CA and PA relative to
the excluded subjects (Supplemental Table 1).

2.2 Measures

2.2.1.Clinical Dementia Rating (CDR)—The Clinical Dementia Rating scale [20]
stages dementia from none to severe. A summary CDR rating of 0 (no dementia), 0.5 (very
mild dementia), and 1.0 through 3.0 (mild, moderate, and severe dementia) is generated
using an algorithm that is weighted towards memory. For the present study, a CDR stage of
0.5, representing “very mild dementia”, was equated to MCI [21].

2.2.2. Cognitive Activity (CA)—The FCAS was used to assess participants’ engagement
in cognitive activities. The FCAS is a validated, 25-item self-report scale designed to assess
the frequency of engagement in a broad range of activities with differing cognitive demands
[22] (e.g., “watching television”, “taking a course”). Response choices range from “never
did, or used to, but not in the past year” (score=0) to “every day” (score=4) for a total
possible score range of 0-100. For the present study, we examined the total scale score that
we dichotomized at the median value of 44, as low (< 44) vs. high (> 44) CA.

2.2.3. Physical Activity (PA)—Our measure of PA was based on participants’ self-
report (yes (score=1) vs. no (score =0)) of obtaining at least moderate intensity exercise
from their normal physical activities, such as walking, climbing stairs, doing housework,
performing child care duties, dancing, or gardening or yard work.

2.2.4. Covariates—We considered the following variables as potentially confounding
factors: age (continuous, centered at median age 78), gender, race (White vs. non-White),
and education (< high school vs. > high school). General mental status was measured with
the Mini Mental Status Exam (MMSE; [23], continuous). Depressive symptoms were
measured with a modified version of the mCES-D [24] (possible range 0-20) with the 90t
percentile score of 1 used as the threshold for depressive symptoms. We also included
measures of central obesity (waist-to-hip ratio, continuous), subjective rating of health
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(poor/fair/good vs. very good/excellent), and number of prescription medications
dichotomized at the sample median value of 4 (0-3 vs. = 4).

2.3 Statistical Analyses

We used Chi-square or Fisher’s Exact tests for categorical variables and Wilcoxon Rank
Sum for continuous variables to compare the descriptive characteristics of those who did not
and did progress from normal cognitive status to MCI, those with high and low engagement
in cognitive activity, and those that did and did not report engaging in any physical activity.

We used interval-censored survival analyses [25] to estimate the associations of the
cognitive and physical activity with the risk of incident MCI. Since participants were
examined annually, an incident event can only be known to have occurred between two
measurement occasions, i.e., during that interval. Our first model examined the association
of CA with MCI without adjustment for PA. The second model examined the association of
PA with MCI without adjustment for CA. Third, we included both cognitive and physical
activity in the same model to examine their unique, i.e., independent, contributions to risk
for incident MCI.

In our fourth model, we examined the combined effect of cognitive and physical activity on
risk of incident MCI by creating 4 categories of participation according to their level of
engagement in cognitive activity (low vs. high) and physical activity (none vs. any). We
then tested the three combined CA and PA groups relative to the reference group of low CA
and no PA.

All interval-censored survival models were adjusted for age, gender, and education.
Additional covariates were included in the model if they met the definition of confounding,
i.e., if they were associated with the exposure (either cognitive or physical activity) and with
the outcome (progression to MCI) (p < 0.05). To improve efficiency of the interval-censored
survival models, we imputed missing values for depressive symptoms, self-rated health, and
waist-to-hip ratio 5 times to create 5 complete data sets. We then ran the survival models on
each of the 5 created data sets, and calculated the average estimates of the risk effects from
these 5 fitted models. Statistical analysis software (SAS) version 9.3 [26] was used for all
analyses.

3. RESULTS

During the follow-up period (mean 1.8 years, SD=0.74, range 1-3 years), 72 individuals
(8.3%) progressed from normal cognition to MCI. Table 1 shows the characteristics of all
study participants at their own “baselines” and by progression status. CA was normally
distributed with a mean and median score of 44.0 (SD=9.2, range 17-75). PA was more
skewed in distribution because the majority of participants (69%) reported engaging in PA.
Those who progressed to MCI were more likely to be older, have less education, score lower
on the MMSE, describe their health as fair or poor, and engage in low cognitive activity and
no physical activity.
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We then compared the characteristics of those with low and high CA (Table 2) and those
who did and did not engage in any PA (Table 3). Fifty-four participants (12.2%) of those
with low CA and 18 (4.3%) of those with high CA became incident cases of MClI,
respectively. High CA was associated with all covariates of interest; these participants were
more likely to be younger, female, White, have more than high school education, score
higher on the MMSE, have fewer depressive symptoms, self-rate their health as very good
or excellent, take fewer prescription medications, have lower waist-to-hip ratio, and engage
in PA. Those who reported being physically active were more likely to be male, self-rate
their health as very good or excellent, take fewer prescription medications, and engage in a
high level of CA. A greater proportion of incident MCI cases was observed for those with no
PA (n=39, 14.6%) compared to those engaging in any PA (n=33, 5.5%).

Our main analyses (Table 4) examined the separate associations of CA and PA with risk of
incident MCI. The risk of incident MCI was reduced by 46% for those with high CA (HR =
0.54, 95% CI 0.29-0.99; model 1)), and by 61% for those who reported any PA (HR = 0.39,
95% CI 0.22-0.67; model 2). However, when their independent effects were examined
(Model 3), the protective influence of CA was attenuated (HR = 0.62, 95% CI 0.34-1.12),
while engaging in PA remained significantly associated with lower risk of MCI (HR = 0.41,
95% CI 0.24-0.71).

Among the 864 participants, combined engagement in CA and PA was as follows: 163
(18.9%) for low CA and no PA, 279 (32.3%) for low CA and any PA, 104 (12.0%) for high
CA and no PA, and 318 (36.8%) for high CA and any PA. The combined effects of CA and
PA (Model 4) show that, relative to low CA with no PA, any PA with low CA is protective
against MCI (HR = 0.52, 95% CI 0.29-0.93), but that high CA with no PA is not (HR =
0.94, 95% CI 0.45-1.95). Participants who engaged in any PA and a high level of CA have
the lowest risk of MCI (HR = 0.20, 95% CI = 0.07-0.52).

4. DISCUSSION

In or sample, we found CA and PA are separately associated with a lower risk of incident
MCI. However, when their independent effects were examined (i.e. modeled
simultaneously), only PA was significantly associated with MCI risk. We also observed that
compared to engaging in low CA and no PA, the combination of high CA with any PA
showed the greatest risk reduction followed by low CA with any PA. Engaging in high CA
with no PA did not reduce risk relative to the reference group. Taken together, these findings
suggest that PA may be more influential than CA in terms of reducing risk for cognitive
impairment.

Our results are consistent with other observational reports that CA and PA both lower the
risk of MCI and dementia [4-13], but add new information suggesting that the relative
contribution of PA to risk of MCI is greater than CA, and that PA in combination with
higher CA is most efficacious. Only one other observational study has directly examined the
combined influence of CA and PA on risk for MCI, and they found decreased odds of
having MCI for those engaging in both PA and computer use compared to neither activity
[27]. There has been a recent push for combined intervention approaches [16, 17], although
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thus far, the results from trials have not been consistent. One combination intervention trial
of cognitive training and PA reported that cognitive training to be the driving force behind
the combined effects with aerobic activity [28], while another reported that combined mental
and physical engagement did not improve cognitive performance more than the control
conditions [29]. In contrast, our findings suggest that interventions to remediate cognitive
decline or impairment in older adults may be most effective if physical activity is the
primary focus and cognitive activity is used to enhance the effect. This contradiction may be
related to difference in study designs (observational vs. randomized), sample characteristics
(voter registration vs. volunteer), and measurement of physical and cognitive activity (self-
report vs. intervention).

Progression from normal cognitive status to MCI over a short follow-up period is often
reflective of an underlying brain disease (e.g., degenerative, vascular or both), which in and
of itself could lead to decreased cognitive and physical activity. Since our followup was as
short as one year in some participants, the findings could be interpreted as showing that
lower engagement in CA and PA are epiphenomena or markers of prodromal cognitive
impairment. The alternative explanation, that being physically active and engaging in a
higher level of CA delays progression to cognitive impairment is also plausible. This is
supported by observational studies with longer follow-up that have found these effects
remain even after excluding participants who progress to dementia within a few years of
assessment of CA and PA [4]. There is also growing support from separate CA [14, 30] and
PA [31, 32] interventions showing improvements in cognitive functioning.

We did not investigate potential mechanisms of action, but engaging in activities that require
mental and physical effort likely influence the brain’s ability to compensate for neural
deficits related to aging or disease pathology; the now well-known concept of brain or
cognitive reserve [33, 34]. Animal models of environmental enrichment, which provide the
opportunity for both cognitive and physical activity, suggest that these activities affect brain
reserve through cellular and molecular mechanisms. These enhance network plasticity and
functional compensation, efficiency of information processing and storage, and connectivity
and functional redundancy [35]. In humans, neuroimaging techniques have also shown both
CA and PA are associated with structural brain changes, such as larger hippocampal volume,
gray matter increases, and improved white matter microstructure [36], as well functional
brain changes evidenced by greater activity patterns and connectivity [37]. There are data
suggesting that CA [38], especially in early and mid-life, and PA [39] may affect AD-related
pathology, although this is not supported by all studies [40].

We can only speculate why the effect of PA was stronger than CA for reducing risk for
MCI. PA increases circulating levels of brain-derived neurotrophic factor, which supports
neuronal growth, survival, and synaptic plasticity [35], and may also attenuate vascular risk
factors (e.g. glucose intolerance, diabetes mellitus, hypertension, hypercholesterolemia, and
obesity) known to contribute to vascular dementia and neurodegenerative dementia [37].
Although physically active older adults in MYHAT did not report less vascular morbidity
(data not reported), it is possible that these participants have less subclinical vascular
disease. Another possible explanation is that PA provides additional benefits to
neurocognitive health by affecting areas of the brain controlling motor coordination [41].
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The participants in this study are largely representative of older adults in Southwestern PA.
The observed differences in cognition between those included versus those excluded may
have led to an underestimation of the observed effects [42]. We based our measures of CA
and PA on self-report, which could be influenced by recall or response bias [43]. However,
our participants were all cognitively normal when their level of engagement in activities was
measured reducing the likelihood that participants misreported. The FCAS, our measure of
CA, is a scale that captures a variety of activities engaged in in real life and thus has greater
ecological validity compared to prescribed activities. Dichotomizing CA based on the
median score may have reduced the variability in this measure and our ability to detect an
independent association with risk of cognitive impairment. We relied on a basic yes/no
response to whether the participant engaged in everyday activities that provided at least
moderate intensity physical activity. The intensity level of activities is subjective and could
be subject to response bias. Further, we did not consider the overall frequency of engaging
in these activities, however, many of the activities included in the question would likely be
engaged in routinely. Despite this limitation, this measure better captures overall physical
activity level better than a question focused specifically on “exercise,” that would missed
physically active people who do not engage in intentional exercises. Future work needs to
use a validated PA scale.

We selected the CDR as our outcome measure, which is specifically based on everyday
functioning; this outcome has greater salience for the geriatric population for whom the
critical goal is to preserve daily living. The CDR is a categorical entity weighted towards
memory but cognitive decline occurs on a continuum across one or more of multiple
cognitive domains. Our future analyses will examine whether cognitive and physical
activities have general or specific effects across cognitive domains. Finally, even though we
adjusted for potentially confounding factors, we acknowledge that the level of engagement
in cognitive and physical activities is associated with other health behaviors that may also
influence the risk of dementia. We also cannot rule out unmeasured confounding.

In summary, our data suggest that a combination of PA and CA in late life may delay the
onset of cognitive impairment and that this effect may be influenced to a greater extent by
PA relative to CA. Additional studies are needed to better understand the parameters (i.e.
type, duration, intensity, timing) of these activities, separately and combined, that are most
effective, and, perhaps most important, who benefits. This will require longitudinal studies
with longer followup, perhaps from a life-course perspective or beginning in mid-life.
Detailed assessment of CA and PA and careful interpretation of these data are critical when
designing nonpharmacological intervention trials. Investigators should also consider
embedding intervention trials within well-characterized representative cohorts, which could
facilitate a priori selection of a minimally biased sample and/or provide information about
differences between participants and non-participants that could be considered when
interpreting the study results, and potentially adjusted for, in the analyses [44].

Supplementary Material
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Research in Context

Systematic Review: We reviewed observational studies and intervention trials that
examined cognitive activity (CA) and physical activity (PA) in relation to mild cognitive
impairment (MCI) and dementia. Few observational studies have examined the
independent and combined effects of CA and PA, despite a recent push for combined
intervention trials. Interpretation: The findings suggest that both CA and PA are
protective against incident MCI, but when examined simultaneously, only the effect of
PA remains. This suggests that PA is more important than CA as a modifiable factor to
potentially remediate cognitive impairment. Our findings also suggest that the protective
effect of PA is most efficacious if combined with higher levels of CA. Future Directions:
A validated PA scale should be examined. Longer follow-up of participants is needed to
rule out reverse causality. These lessons will have important implications for designing
trials combining CA and PA to prevent or delay cognitive impairment.
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MYHAT recruited
N = 2036
MMSE = 21/30:
ae n =54
MYHAT haseline
N = 1982
| CA/PA not
N assessed:
CA/PA assessed n =660
N = 1322
[ Excluded (N=458)
N « 158 (12.0%)
MCI progression analyses individuals who
N = 864 only had
baseline data
(CDR=0,05, or
21) without any
followy-up
e 2(0.2%)

individuals who
reversed back to
CDR=0 after
progressed to
CDR=05

e 280 (21.2%)
individuals who
started from
CDR=05

e 18 (1.4%)
individuals who
started from
CDR21

Figure 1.
Flow of MYHAT participants into the present analysis
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Table 1

Characteristics of the study sample at baseline by incident MCI status (N = 864)

Page 13

Total sample  Cognitively  Incident MCI et statistic,
(N = 864) Normal (N=72) p-value
(N=792)

Age, mean (SD) 78.3 (6.8) 77.9(6.7) 82.0(6.8)  4.74,<0.0001
Gender, n (%) Female 547 (63.3) 497 (62.8) 50 (69.4) 1.27,0.2593
Education, n (%) > HS 403 (46.6) 381 (48.1) 22 (30.6) 8.17,0.0043
Race, n (%) Non-white 35(4.1) 31(3.9) 4 (5.6) 0.5252
MMSE Score, mean (SD) 27.9(1.9) 28.0(1.8) 26.8(2.3) —5.06, <0.0001
Depression Symptoms (N = 863), n (%) = 1 symptoms 125 (14.5) 113 (14.3) 12 (16.7) 0.30, 0.5826
Self-rated Health (N = 863), n (%) very good/excellent 370 (42.9) 349 (44.1) 21(29.2) 6.03, 0.0141
Prescription Medications, n (%) = 4 medications 479 (55.4) 432 (54.6) 47 (65.3) 3.08,0.0794
Waist-to-hip Ratio, mean (SD) (N = 828) 0.899 (0.087)  0.898 (0.086)  0.900 (0.100)  —-0.25, 0.7999
Cognitive Activity, mean (SD) 44.0 (9.2) 44.4(9.1) 39.2(8.8) -4.57,<0.0001
Cognitive Activity, n (%) High 422 (48.8) 404 (51.0) 18 (25.0) 17.87,<0.0001
Physical Activity, n (%) Yes 597 (69.1) 564 (71.2) 33 (45.8) 19.91, <0.0001

§The continuous variables were examined by the Wilcoxon rank sum test and the categorical variables were examined by the Chi-squared test or

Fisher's exact test when appropriate.
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Table 2

Characteristics of those with low and high Cognitive Activity (CA)

(Ndz (n-dmineg TSR

n=54 [12.2%] [4.3%] MCI

MCI incidence) incidence)
Age, mean (SD) 79.8 (6.9) 76.7 (6.2) -6.63,<0.0001
Gender, n (%) Female 252 (57.0) 295 (69.9) 15.45, <0.0001
Education, n (%) > HS 170 (38.5) 233(55.2)  24.34, <0.0001
Race, n (%) Non-white 25(5.7) 10 (2.4) 6.00, 0.0143
MMSE Score, mean (SD) 27.5(2.0) 28.4 (1.6) 7.75, <0.0001
Depression Symptoms (N = 863), n (%) = 1 symptoms 78 (17.7) 47 (11.1) 7.47,0.0063
Self-rated Health (N = 863), n (%) very good/excellent 157 (35.6) 213 (50.5) 19.48, <0.0001
Prescription Medications, n (%) = 4 medications 273 (61.8) 206 (48.8) 14.65, 0.0001
Waist-to-hip Ratio, mean (SD) (N = 828) 0.909 (0.086)  0.888 (0.088)  -3.34,0.0008
Physical Activity, n (%) Yes 279 (63.1) 318 (75.4) 15.13, 0.0001

Page 14

§The continuous variables were examined by the Wilcoxon rank sum test and the categorical variables were examined by the Chi-squared test or

Fisher's exact test when appropriate.
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Table 3

Characteristics of those who do and do not engage in Physical Activity (PA)

No PA

(N =267; n=39
[14.6%] MCI
incidence)

Any PA  Tost statisticS,

(N =597; n=33 P-value
[5.5%] MCI
incidence)

Age, mean (SD)

Gender, n (%) Female

Education, n (%) > HS

Race, n (%) Non-white

MMSE Score, mean (SD)

Depression Symptoms (N = 863), n (%) = 1 symptoms
Self-rated Health (N = 863), n (%) very good/excellent
Prescription Medications, n (%) = 4 medications
Waist-to-hip Ratio, mean (SD) (N = 828)

Cognitive Activity, mean (SD)

Cognitive Activity, n (%) High

78.8 (6.8)
186 (69.7)
121 (45.3)
12 (4.5)
28.1(1.8)
37 (13.9)
93 (34.8)
163 (61.1)
0.898 (0.091)
42.1(10.3)
104 (39.0)

78.1 (6.7) 1.56,0.1196
361 (60.5) 6.71, 0.0096
282 (47.2) 0.27,0.6016
23(3.9) 0.20, 0.6584
27.9 (1.9) 1.59,0.1127
88 (14.7) 0.10, 0.7489
277(465)  10.21,0.0014
316 (52.9)  4.92,0.0265
0.899 (0.085) 0.4, 0.6564
44.8(86) —4.03,<0.0001
318(53.3)  15.13,0.0001

Page 15

§The continuous variables were examined by the Wilcoxon rank sum test and the categorical variables were examined by the Chi-squared test or

Fisher's exact test when appropriate.
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The Associations of Cognitive and Physical Activity with Risk of Incident Cognitive Impairment

Variable Model 1 Model 2 Model 3 Model 4
CA 0.54 (0.29-0.99)0 0.62 (0.34-1.12)

PA 0.39 (0.22-0.67)2  0.41 (0.24-0.71)@

Low CA, No PA 1.00 (Ref.)

Low CA, Any PA

High CA, No PA
High CA, Any PA

Agel

Gender (Female vs. Male)
Education (< HS vs. > HS)
Race (Non-white vs. White)
MMSE Score

Depression Symptoms (0 vs. = 1)
Self-rated Health (poor/fair/good vs. very good/excellent)
Prescription Medications (0-3 vs. = 4)

Waist-to-hip Ratio

1.06 (1.02-1.11)2
1.64 (0.89-3.02)
0.87 (0.51-1.50)
1.09 (0.38-3.10)

0.81 (0.72-0.92)2
0.94 (0.50-1.77)
0.67 (0.39-1.14)
1.22 (0.74-2.01)
2.67 (0.10-68.16)

1.07 (1.02-1.11)2
1.35 (0.81-2.26)
0.82 (0.48-1.40)

0.77 (0.68-0.88)@

0.68 (0.40-1.15)
1.22 (0.74-2.01)

1.06 (1.02-1.10)2
1.51 (0.81-2.78)
0.88 (0.51-1.52)
1.06 (0.37-3.03)

0.78 (0.69-0.89)@
0.95 (0.50-1.80)
0.70 (0.41-1.20)
1.15 (0.69-1.89)
1.87 (0.07-46.67)

0.52 (0.29-0.93)0
0.94 (0.45-1.95)

0.20 (0.07-0.52)@

1.06 (1.02-1.10)&
1.53 (0.83-2.82)
0.86 (0.50-1.49)
1.06 (0.37-3.02)

0.79 (0.69-0.90)@
0.95 (0.50-1.79)
0.72 (0.42-1.23)
1.17 (0.71-1.93)
1.97 (0.08-49.69)

lCentered at mean age (= 78);

g <001

bp <0.05

Note: All of the models were fitted by interval-censored survival models which were adjusted for age, gender, education, and significant covariates.
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