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Abstract
Objectives—Among older adults, falls are a major health concern. A decrease in executive function
(EF), common with aging, has been associated with gait instability, reduced mobility and other
markers of fall risk. It is not known, however, whether augmenting EF affects gait and fall risk. We
tested the hypothesis that methylphenidate modifies markers of fall risk in older adults.

Design—Randomized, double-blind, placebo-controlled, single dose crossover study
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Setting—Outpatient movement disorders clinic.

Participants—Twenty-six non-demented, community-living older adults (mean age: 73.8 years)
with subjective complaints of “memory problems.”

Interventions—The study examined the effects of a single dose of 20 mg of methylphenidate
(MPH) on cognitive function and gait. Participants were evaluated before and two hours after taking
MPH or a placebo in sessions separated by 1–2 weeks.

Measurements—The Timed Up and Go and gait variability quantified mobility and fall risk. A
computerized neuropsychology battery quantified memory and EF.

Results—Compared to baseline, Timed Up and Go times, stride time variability, and measures of
EF significantly improved in response to MPH, but not in response to the placebo. In contrast,
memory and finger tapping abilities were not significantly affected by MPH.

Conclusions—In older adults, MPH appears to improve certain aspects of EF, mobility and gait
stability. Although additional studies are required to assess clinical utility and efficacy, the present
findings suggest that methylphenidate and other drugs that are designed to enhance attention may
have a role as a therapeutic option for reducing fall risk in older adults.
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INTRODUCTION
Gait disturbances and falls are a leading cause of morbidity and mortality among older adults.
In 2003, 13,700 elderly 65 years of age or older died from falls, and 1.8 million were treated
in emergency departments for nonfatal injuries from falls in the United States alone1. Among
older adults hospitalized as a result of a fall, only 50% survive one year later2. While much is
known about the multi-factorial nature of falls, the number of falls and fall-related injuries
among older adults continues to increase3. Alternative treatment options are needed for optimal
reduction of fall risk. The present study was designed to begin assessing the potential benefits
of a cognitive intervention using methyphenidate (MPH) to reduce fall risk in community-
living elderly.

The rational for using MPH to treat fall risk is based in part on the fact that executive function
(EF) generally declines with aging4. EF refers to higher cognitive processes that use and modify
information from posterior cortical sensory systems to modulate behavior, to allocate attention
among tasks that are performed simultaneously, and to regulate response inhibition5. Recent
reports also demonstrate that these cognitive changes have ramifications for mobility since in
older adults, gait apparently utilizes EF. For example, time to complete an obstacle course was
shorter, indicative of better performance, among community-living older adults who did better
on a test of EF6. These reports indicate that there is a range of EF abilities among older adults,
that those with better EF tend to perform better on tests of gait and mobility, and that gait among
older adults should be considered a complex task that makes use of EF6–12. Further,
diminished EF apparently leads to an increased fall risk6,7,10,11. EF was also associated with
falls in a study of 172 older people who did not meet criteria for dementia or mild cognitive
impairment13.

These findings raise the question: if age-associated reductions in EF abilities contribute to gait
instability and fall risk in older adults, can an intervention that enhances EF reverse this trend
to improve gait and reduce the risk of falls? To address this question, we tested the hypothesis
that a single dose of methylphenidate (MPH) modifies known markers of fall risk in
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community-living older adults. The Timed Up and Go, a well established screening test for
fall risk, was chosen as the primary outcome14,15 and stride time variability, a measure of
instability10,16,17, was the secondary outcome. Other measures were assessed to help explain
any observed effects. MPH was chosen for several reasons: 1) its ability to achieve a short-
term effect, 2) drug “washout” can be assumed two days after exposure, 3) pilot work
demonstrating safety and short-term efficacy in patients with Parkinson’s disease18,19 as well
as reports of safe use of MPH for treatment of depression and apathy in the elderly20,21, and
4) the well-studied effects of MPH on EF and attention in children and adults with ADHD.

METHODS
Study Design and Protocol

A randomized, double, placebo-controlled, cross-over, study design was used to evaluate the
effects of a single dose of MPH on markers of fall risk. During the course of a two week period,
there was an initial visit for baseline assessment and two more evaluations, each two hours
after subjects took 20 mg of MPH (Ritalin®) or placebo in a randomized fashion. A single dose
of MPH was used to demonstrate the short-term potential of a drug to act on surrogates of fall
risk in older adults; we chose a dose that was likely to show an effect, that has a convenient
form of delivery, that could potentially be used in clinical trials and ultimately perhaps, in
clinical practice, and that appears to be safe and tolerable, based in part on a pilot study in
Parkinson’s disease18. Testing was performed blindly, by the first author, two hours after
administration of the study drug because the maximum clinical effects of MPH occurs at this
time when plasma concentrations peak22. Blood pressure and heart rate were recorded every
half hour before and after the administration of the study drugs to monitor the cardiovascular
response.

Participants
Older adults were recruited from several sources in the community, e.g., local senior centers.
Subjects were invited to participate if they were between 65 and 90 years of age, were able to
ambulate independently and did not use a walking aid. To help identify subjects who might be
more likely to respond favorably to a cognition-enhancing drug, we included only subjects
who complained about memory decline. We excluded people with dementia [as determined
by DSM IV and ICD 10 criteria and scores < 24 on the Mini Mental State Exam (MMSE)
23]. Subjects were also excluded if they had clinically significant musculo-skeletal,
cardiovascular or respiratory diseases, clinically significant vestibular disorder, history of
significant head trauma, Parkinson’s disease, or other neurodegenerative diseases, major
depression (using DSM IV criteria) or uncorrected visual disturbances. Subjects with
glaucoma, uncontrolled high blood pressure, heart failure or a cardiac arrhythmia, a history of
epilepsy and subjects taking mono-amine oxidase inhibitors or tricyclic anti-depressants were
excluded due to the side effect profile of MPH. Routine medications were not altered. The
study was approved by local human studies committee and informed written consent was
obtained prior to enrollment.

To characterize the study population, medical and fall history (not specifically an eligibility
requirement) were reviewed and the following tests were administered during the first visit.
The Charlson Comorbidity Index was used to quantify disease burden (higher scores indicate
greater co-morbidities)24. The Geriatric Depression Scale (GDS, original 30 item version) was
used to evaluate depressive symptoms and emotional well-being25. The Clock Drawing Test
was used as another measure of cognitive function and quantified as described by Watson et
al.26. The MMSE was used as a screen for dementia and as part of the cognitive
assessment23. The Barthel Activities of Daily Living Index and the Frenchay Activities Index
were used to characterize disability27 and lifestyle and functional independence28. Higher
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scores on both of these tests reflect better function. The Activities-specific Balance Confidence
Scale was administered to assess fear of falling (higher scores indicate greater confidence)
29.

Drug Administration
Each drug sample was prepared in the pharmacy before the start of the study. MPH and the
placebo pills (sacchrine) were inserted into empty capsules. There were no specific instructions
regarding fasting. Volunteers were given half a glass of water with capsule administration. The
sessions generally took place during the morning. Before the start of the study, a randomization
table was prepared. This table was available only to a person who was not involved with testing
and had no contact with the study participants. None of the authors was involved in this
selection process or knew of the contents of the pill until after all data analyses were completed
and a third party broke the blinding.

Assessment of Gait and Mobility
The Timed Up and Go (TUG) test was used to assess functional mobility and fall risk. Subjects
were asked to stand up from a standard chair, walk at their normal pace for 3 meters, turn
around, and return to a seated position. As per standard procedures, the second of two trials
was used (minimizing practice effects). Higher values on the TUG test indicate an increased
risk of falls14,15. To evaluate stride time variability, subjects walked at their normal pace on
level ground for two minutes while wearing pressure-sensitive insoles. Previously established
methods10,30 were used to quantify gait speed, stride time, and the variability of stride time
(using the coefficient of variation, CV). Stride time variability quantifies the automaticity of
gait. Higher CV values reflect decreased rhythmicity and reduced automaticity and are
associated with elevated fall risk10,16,30,31.

Cognitive Assessment
Mindstreams® (NeuroTrax Corp., NJ) computerized neuropsychological tests were used to
measure cognitive function as well as tapping and “catching” performance32,33. The Go-
NoGo test and a test of non-verbal memory were administered. The Go-NoGo is a well-
established cognitive test of EF that measures the facility with which an individual is able to
inhibit a response and to continue with an activity in the face of competing stimuli34. To
quantify EF, we evaluated Go-NoGo accuracy. Go-NoGo reaction time was also measured to
evaluate stimulant effects. The computerized version used has been described elsewhere in
detail; outcome measures have been associated with continuous performance based measures
of attention33. Because non-verbal memory generally does not require EF5, non-verbal
memory was assessed as a “control” to see if any observed EF effects were specific to this
cognitive domain. Test details have been described previously7,32,33.

To evaluate whether any of the observed motor effects were specific to gait, we also assessed
catching and finger tapping abilities7,32. In the catch game32, participants must “catch” an
object falling vertically from the top of the computer screen. The test requires hand-eye
coordination and scanning and its outcome measures have been associated with higher-level
cognitive function and EF7. Finger tapping may be considered a less cognitively demanding
task7. The cognitive battery includes a practice component before each test.

Statistical Analysis
Descriptive statistics are reported as mean ± SE. We used the Wilcoxon Signed Rank test to
evaluate the response of the different dependent variables (e.g., TUG times) to the different
medication states (e.g., baseline vs. MPH). This non-parametric equivalent of the paired t-test
is less sensitive to outliers and does not assume that the data are normally distributed. P-values
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reported are based on two-sided comparisons. A p-value ≤ 0.05 was considered statistically
significant. Statistical analyses were performed using SPSS.

RESULTS
Subject Characteristics

Twenty-six subjects (17 women) with a mean age of 73.8±1.2 years were studied. Average
scores on the MMSE and the GDS were 27.8±1.4 and 8.2±5.6, respectively. Participants had
13.2±0.6 years of formal education. Mean scores on the Barthel ADL Index and the Frenchay
Activities Index were 98.5±4.4 and 30.3±7.8, respectively. The Charlson Comorbidity Index
was 1.0±0.2. Average score on the Clock Drawing Test was 2.9±2.2. Mean Activities-specific
Balance Confidence score was 80.9±4.2. Table 1 shows the average values of gait and mobility
at baseline.

Effects of MPH and the Placebo on Mobility and Gait
In spite of generally normal performance at baseline, 20 mg MPH significantly decreased
(improved) TUG times, compared to baseline, and compared to the effect seen with placebo
(Table 1). MPH significantly improved stride time variability, while the placebo did not. MPH
and the placebo had similar effects on gait speed and on average stride time (Table 1).

Effects of MPH on Cognitive Function
MPH significantly improved Go-NoGo accuracy, above the placebo effect (Table 2). MPH
also significantly improved catch game time to first move and catch game accuracy, while the
placebo did not. Both MPH and the placebo had similar effects on Go-NoGo reaction time.
MPH and the placebo did not significantly affect memory, tapping rate or tapping variability.

Other Secondary Analyses
At the conclusion of each testing session, participants and the administering physician each
wrote down whether they thought that the pill received was MPH (or placebo) in order to assess
subjective perceptions. Thirty-one percent of the subjects guessed that they had been given a
placebo, when in fact they were given MPH. The physician guessed placebo 27% of the times
that MPH was administered. In almost half of the cases (46%), the subject and the administering
physician either guessed incorrectly about MPH or did not agree.

To gain insight into the factors that may have explained the observed MPH effects on the
mobility, we explored potential covariates. The change in TUG times (delta between baseline
and MPH values) and the change in stride time variability in response to MPH were not
significantly different in subjects who reported a fall in the previous year (n=9) and were not
significantly related to age, gender, years of education, MMSE score, GDS score, Activities-
specific Balance Confidence, Charlson Comorbidity index, most of the cognitive function
measures, or other subject characteristics (in univariate correlation analysis). There were two
exceptions to this rule: 1) improvement in TUG times after MPH treatment was greater in
subjects who had higher (poorer) TUG times at baseline (r=0.59; p=0.002) and in subjects with
lower Barthel scores (r=−0.57; p=0.002), and 2) subjects who showed greater improvement in
stride time variability tended to have increased variability at baseline (r=0.70; p<0.001) and
lower Barthel scores (r=−0.49; p=0.01). The improvements in TUG times in response to MPH
tended to be associated with improvements in Go-NoGo accuracy (r=0.29; p=0.14) and stride
time variability improvements in response to MPH tended to be associated with improvements
in catch game accuracy (r=0.30; p=0.15). Two subjects had relatively high Geriatric Depression
Scores (> 20), but most (n=19) scored less than 10 on this scale. The effects of MPH on the
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TUG, gait speed and stride time variability seen in the group as a whole were also observed in
the sub-groups whose mood was rated as normal.

No adverse events were observed in response to MPH (or the placebo). Systolic blood pressure
(SBP), diastolic blood pressure (DBP), and heart rate did not significantly increase in response
to the placebo or MPH (Table 3).

DISCUSSION
The present findings are similar to the results of a previous report in patients with Parkinson’s
disease. In that study, a single dose of MPH improved gait speed, decreased TUG times, and
reduced stride time variability18, effects that were also seen in the present study. In that study,
MPH also improved EF, but did not affect memory or finger tapping performance; effects that
were also very similar to those seen in the present study. The present study extends those
previous findings in two critical ways: 1) the MPH effect is shown in generally healthy older
adults, and 2) the MPH effect is demonstrated in a placebo-controlled trial. MPH significantly
improved TUG times, stride time variability, and EF (e.g., Go-NoGo accuracy), effects that
were not seen after treatment with the placebo.

The observed findings could be interpreted in several ways. One interpretation is that cognitive
therapy helps to improve mobility in the elderly. This explanation is consistent with the recent
reports that have found that older adults who perform better on tests of EF tend to have better
mobility and lower fall rates and the idea that mobility in older adults relies upon cognitive
function6–12. This intriguing possibility would suggest that MPH and perhaps other cognition-
enhancing therapies may have a role in reducing fall risk among older adults who are likely to
suffer from age-associated declines in EF4. Support for this explanation comes from the
specific effects of MPH on TUG, stride time variability and Go-NoGo accuracy (recall Tables
1 and 2).

Another explanation of the observed results is that MPH elicited an amphetamine-like effect
that improved performance. Similarly, MPH also has known effects on dopamine uptake35, a
neurotransmitter that plays a key role in motor function. One could argue, therefore, that the
observed MPH effects are not due to its modulation of cognitive function, but arise from a
more direct influence on motor function or the result of the stimulant effects. These possibilities
cannot be completely ruled out; however, examination of Tables 1 and 2 suggest that these are
not the most likely explanation. Compared to baseline values, gait speed increased similarly
in response to MPH and in response to the placebo. Gait speed is a measure that is likely to be
especially sensitive to dopamine uptake and stimulant effects, and perhaps also to the
expectations of the participants. One could argue that the placebo and MPH evoked similar
stimulant effects while the changes in EF, TUG and stride time variability in response to MPH
were in fact a specific, cognitive-related response. Compared to steady-state walking, the TUG
is a much more complex procedure that includes planning, potentially explaining the difference
between its results and those for average gait speed.

Participants in the present study were community-living older adults. Average scores on the
MMSE and the Clock Drawing test are consistent with an absence of dementia and only mild
or no cognitive decline. Scores on the GDS indicate none-to-mild depressive symptoms, except
for the two participants who had more severe complaints about mood, and scores on the Barthel
ADL Index and the Frenchay Activities Index indicate that subjects were free of major deficits,
consistent with the low (good) scores on the comorbidity index. Nonetheless, self-confidence
regarding balance tended to be slightly below normal29 and all subjects complained about their
memory. Among older adults, complaints about memory are associated with a wide array of
mental health and physical disturbances, including impaired EF, depression and frailty36,37.
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Memory, EF, TUG times, average gait speed, and stride time variability were normal or slightly
worse than that seen in “healthy” older adults15,17,30,36. Thus, the participants can be
described as generally healthy, functionally independent community-living older adults with
normal to mild decline in cognitive function and mobility.

This study has a number of limitations. For example, the sample size and the specific subject
characteristics raise questions regarding the generalizability of the findings. Although the
mobility outcomes measured have been associated with fall risk, we did not evaluate whether
chronic administration of MPH succeeds in lowering fall rates, whether potential benefits
outweigh possible risks, or whether the administered dose is optimal. Further investigations
are needed to address these issues and to assess more fully the effects of long-term MPH
administration and other cognitive-enhancing drugs or therapeutic options on gait, cognitive
function, fall risk and their interplay among different older adult populations. Adverse events
were not observed in the present study, consistent with previous reports in older patients18–
21, but issues regarding safe administration of MPH in older adults need to be studied further.
Still, the findings of the present investigation suggest that such future studies are warranted,
highlight the connection between fall risk and cognitive function, and demonstrate the potential
of using pharmacologic agents that augment cognitive function as an alternative,
complementary therapy for reducing fall risk in older adults.
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Table 3
Effects of MPH and placebo on cardiovascular function*

MPH Placebo
Pre 2 Hours After Pre 2 Hours After

Systolic Blood Pressure (mm Hg) 123.9 ± 3.5 129.2 ± 3.6 126.5 ± 3.8 131.9 ± 3.5
Diastolic Blood Pressure (mm Hg) 71.1 ± 1.6 71.9 ± 1.7 73.1 ± 1.7 73.5 ± 1.5

Heart Rate (bpm) 76.9 ± 2.0 76.7 ± 2.3 74.5 ± 2.1 70.8 ± 2.0
*
None of the pre vs. post comparisons (2 hours after taking MPH or placebo) were significantly different, except that there was a small, but significant

drop in heart rate 2 hours after the subjects took the placebo (p=0.030).
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