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Abstract

Background/Objectives: Gait speed and psychomotor speed slow with age and may predict 

neuropsychiatric disease such as depression and anxiety. We explored the relative predictive values 

of gait speed, psychomotor slowing, and a composite index of these two measures on time to new 

episode depression or anxiety in older adults at risk for these common psychiatric conditions.

Design: Randomized controlled prevention trial with 15-month follow-up.

Setting: University-based late-life mental health research clinic.

Participants: Two hundred thirteen individuals, age 60+ years, with subsyndromal symptoms of 

depression or anxiety and one of the following risk factors for these common conditions: mild 

cognitive impairment, knee osteoarthritis, or disabilities requiring home-based care.

Intervention: Participants in each of the risk factor groups were randomized to a depression-

specific preventive intervention or usual care.

Measurements: Gait speed: 4-meter walk test from the Short Physical Performance Battery. 

Psychomotor speed: Coding task of the Repeatable Battery for the Assessment of 

Neuropsychological Status. We created a composite index of slowing by determining whether 

participants exceeded established cut-offs for slow performance in both gait speed (≤0.8 m/s) and 

psychomotor speed (< 7 on the coding task). Time to new onset syndromal depression/anxiety was 

measured using research diagnostic criteria.
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Results: Fifty-four participants developed syndromal depression/anxiety (19.5%) over the course 

of 15 months. Participants with slowing in both areas were over twice as likely to experience new 

onset depression/anxiety (HR=2.11, 95% CI=1.02–4.40, p=0.046) compared to participants with 

no slowing in either area. Slowed gait (HR=1.88, 95% CI=0.992–3.55, p=0.052) or slowed 

psychomotor speed (HR=0.60, 95% CI=0.14–2.58, p=0.488) alone did not increase risk for 

depression/anxiety.

Conclusion: Evaluating both gait and psychomotor speed in older adults with medical 

comorbidities and sub-syndromal depression may predict incident mental illness and inform 

prevention planning. Future research is needed to validate our observations and explore shared 

neurobiological mechanisms that explain this elevated risk.
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INTRODUCTION

Depression and anxiety in late-life are common and increase the risk and severity of chronic 

medical conditions, cognitive impairment and dementia, suicide and all-cause mortality, and 

health-service utilization.1 Because of limited treatment options and variable treatment 

response for older adults, it is important to prevent these common psychiatric conditions. For 

example, it is estimated that between 63-81% of older adults do not reach depression 

remission with first line pharmacotherapies.2, 3 Switching or augmenting pharmacotherapy 

results in less than a 50% improvement in more refractory cases.2 Remission from 

depression in late-life is often fragile, relapse is more common than in younger patients,4 

and over half relapse.5 As many as 47% of older adults with depression also meet criteria for 

generalized anxiety disorder (GAD)6 and when present, is associated with more severe 

depression, reduced remission rates, and slower pharmacotherapy response time.7 Given the 

challenges with effective treatment and sustained remission, prevention efforts and 

establishing easy to measure risk factors should be prioritized.

While there are established medical, psychiatric, and psychosocial risks for becoming 

depressed and anxious, there are no objective behavioral measures that are routinely used for 

risk stratification. Both physical and psychomotor slowing are features of aging, frailty, 

depression,8 and neurodegenerative disease.9 Physical slowing, commonly measured in 

healthcare settings with gait speed, is associated with elevated anxiety and depression 

symptoms,10 cognitive impairment,10 falls,11 loss of independence,12 and mortality.13 Slow 

gait speed is a risk factor for depression.14 Slower gait speed also predicts worse 

antidepressant treatment response15 and depression chronicity.11 Slower gait speed is also a 

risk factor for anxiety.16

Psychomotor slowing is a risk factor for falls,17 cognitive impairment,18 worse mobility, and 

mood,19 and may be a marker of cerebrovascular disease.20 Similar to gait slowing, 

psychomotor slowing is associated with greater depression severity,21 worse antidepressant 

treatment response,22 and increased depression chronicity.23 There is also a bidirectional 

relationship between anxiety and psychomotor slowing.24

Stahl et al. Page 2

J Am Geriatr Soc. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



To advance objective, easy-to-administer assessments of late-life depression and anxiety 

risk, we explored the relative predictive value of both gait speed and psychomotor slowing 

on time to new episode depression or anxiety in older adults at risk for these common 

psychiatric conditions who were followed for 15 months. We also created a composite index 

based on these two measures compared to no slowing in either domain.

METHODS

Study Design Overview

This study used data collected from three linked randomized controlled trials (RCTs) for the 

prevention of depression and anxiety in older adults at elevated risk. Briefly, the primary 

objective was to determine whether learning-based therapies could prevent incident episodes 

of major depression, minor depression, and/or generalized anxiety in older adults with: mild 

cognitive impairment,25 knee osteoarthritis,26, 27 or disabilities requiring home-based care.
28, 29 Data were collected at baseline, directly after the intervention period (12 weeks after 

baseline), and at 3, 6, 9, and 12 months post-intervention between 2012 and 2016. Each 

RCT had their own study team. However, they administered a similar battery of assessments 

to participants and followed the same standard operating procedure for gait assessment, 

neuropsychological testing, and the clinical diagnosis of new onset depression or anxiety. 

Masters-level clinicians administered assessments and were blinded to treatment assignment 

and to baseline assessments. They were not blinded to study group (knee pain, MCI, 

disability).

Participants

Inclusion criteria for the three RCTs required participants to be 60+ years of age, score 

above 80 on the Modified Mini-Mental Status Exam (3MS)30, and endorse mild 

(subsyndromal) depressive symptoms (score of 1-9 on the Patient Health Questionnaire-9 

with a score of at least 1 for a cardinal symptom of low mood or anhedonia). Exclusion 

criteria included the regular use of anxiolytics (>4 times/week); major depression or 

generalized anxiety disorder in the past 12 months as determined by the Structured Clinical 

Interview for the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition);31 

history of central nervous system disease, bipolar disease, or schizophrenia; or drug or 

alcohol treatment in the past 12 months. Across the three RCTs, 277participants consented 

and were randomized to either a learning-based and/or physical intervention (e.g., cognitive 

behavioral therapy, problem-solving therapy, or physical therapy) (n=178); or enhanced 

usual care (EUC, n=99). The usual care arm meant no additional intervention on part of the 

study team and was considered “enhanced” because the primary care physicians of 

participants who reported new medical or psychological symptoms were informed about 

these symptoms, and participants were encouraged to follow-up with their PCP. Of the 277 

who were randomized, 213 completed the gait speed and psychomotor speed tests and are 

the focus of this report. Of the 213, 80 had knee osteoarthritis (67 randomized to an 

intervention versus 13 randomized to EUC); 78 had disabilities required home care (37 

versus 41), and 55 had mild cognitive impairment (35 versus 20). Participants with missing 

assessments (n=64) had more mobility limitations (measured with the Late-Life Functional 
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Disability Instrument) and were more socially isolated (measured with the Interpersonal 

Support Evaluation List) than participants who completed all assessments (n=213).

Measures

New onset syndromal depression/anxiety.—The primary outcome for the present 

study is time to first onset of major depressive disorder, minor depressive disorder, or 

generalized anxiety disorder. Major depression, minor depression, and generalized anxiety 

disorder were identified by the Structured Clinical Interview for Diagnostic and Statistical 
Manual of Mental Disorders (Fourth Edition) criteria.32

Measures of slowing.—Measures of gait speed and psychomotor speed were evaluated 

independently and also used to create a composite index of slowing (CIS). Gait speed was 

measured using the 4-meter walk test from the Short Physical Performance Battery.33 Raw 

scores were recorded in meters per second. Gait speed scores < 0.8 m/s indicated slow gait 

speed in late-life; scores ≥ 0.8 m/s indicated average/normal gait speed.13 A score of zero 

reflects those who did not attempt the test for safety reasons or those who attempted the test 

but did not complete it and therefore were not included in the CIS. Psychomotor speed was 

measured using the coding task of the Repeatable Battery for the Assessment of 

Neuropsychological Status. Scores were standardized (i.e., age corrected) on a scale from 1 

to 19 where 7-13 is considered average speed of cognitive function (i.e., within 1 SD of the 

normative mean). Psychomotor speed scores <7 indicated slow information processing speed 

in late-life; scores ≥ 7 indicated average/normal processing speed (and scores >13 indicate 

above-average processing speed). We categorized the sample into 4 groups based on gait 

speed and psychomotor speed: slow gait speed alone; slow psychomotor speed alone, 

slowing in both gait and psychomotor speed (the CIS), and no slowing in either area 

(referent group).

Relevant covariates included in the analysis.

The following baseline covariates were considered likely to affect outcomes and were 

included in analyses: age, depression symptom severity (PHQ-9), anxiety symptom severity 

(7-item Generalized Anxiety Disorder Scale),34 and treatment group (learning-based 

intervention or EUC).

Analytic plan

To compare baseline characteristics of participants who were slow in gait speed alone, slow 

in psychomotor speed alone, and slow in both gait and psychomotor speed versus those who 

were not, we used the F-test for continuous variables and the Pearson χ2 test for categorical 

variables. To examine the relationship between the three slowing groups and 15-month new-

onset syndromal depression/anxiety, we performed survival analyses using Cox regression 

models, censoring follow-up time at 15 months for participants still enrolled at that time. 

Models were built sequentially, beginning with an unadjusted model, then adjusting for 

covariates. We included three dummy variables that captured the slowing status of older 

adults with subsyndromal depression symptoms: slow gait speed (n 599 [28%]); slow 

psychomotor speed (n=19 [9%]); and the composite index of slowing in both gait and 

psychomotor speed (n=40 [19%]) (the remaining sample members served as the referent 
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category (n=95 [45%])). These dummy variables were entered as predictors in our cox 

regression model. We present results for the 3 trials together because 1) there were no 

differences across the groups on the outcome (see table 3); 2) examining multiple types of 

comorbidities could increase generalizability; and 2) all participants shared a similar risk for 

new onset clinical depression/anxiety – subsyndromal depression symptoms including the 

core symptoms of depressed mood and loss of interest or pleasure in nearly all activities. For 

all analyses, p values smaller than 0.05 were statistically significant. All analyses were 

performed using SPSS, version 26.0.

RESULTS

Table 1 shows descriptive statistics for the sample stratified by the four study groups defined 

by motor and/or psychomotor slowing. The mean age of participants was 74.3 years (SD = 

8.9); 69% (n = 191) were women and 22% (n= 62) were Black. Average years of education 

was 14.2 (SD = 2.6). Several group differences in demographic variables emerged among 

the four study groups. Compared to participants in the normal range, those who were slow in 

both gait speed and psychomotor speed were older, more likely to be female, more likely to 

be Black, and had fewer years of education The groups were similar for depression and 

anxiety symptoms.

After 15 months of follow-up, 54 (19.5%) participants experienced new onset syndromal 

depression and/or anxiety. Of the 54 participants, 14 (26%) experienced major depression; 

31 (57%) minor depression; and 9 (17%) GAD. Seven participants met criteria for both 

depression and anxiety diagnosis. The number of events was evenly distributed across the 

slowing measures (Χ2 [df=3] = 5.62; p = 0.128) (Table 2). After adjusting for covariates, 

neither slowing in gait speed alone nor slowing in psychomotor speed alone significantly 

increased the risk of syndromal depression/anxiety, compared to the referent group with no 

slowing in either area. However, the CIS significantly increased the risk of new-onset 

depression and/or anxiety relative to the referent group (Hazard Ratio [HR] = 2.11, 95% 

Confidence Interval (CI) = 1.02 – 4.40, p = 0.046). Participants who were slow in both 

motor and psychomotor function were twice as likely to experience syndromal depression/

anxiety compared to those of average/normal speed (Table 3 and Figure 1). The only other 

covariate that was associated with increased risk of new onset depression/anxiety in the 

multivariable model was baseline anxiety symptoms (HR = 1.12, 95% CI = 1.01 – 1.24, p = 

0.027).

Post-hoc Analyses

The survival curves (Figure 1) suggest that the CIS is mostly influenced by slowed gait 

speed. This raised questions about whether the CIS was superior at predicting incident 

depression/anxiety versus each measure alone. After adjusting for covariates, the CIS was 

superior than psychomotor speed alone (HR = 0.473, 95% CI = 0.227 – 0.985, p = 0.046), 

but not gait slowing alone (HR = 0.282, 95% CI = 0.062 – 1.285, p = 0.102) for prediction 

of new-onset depression/anxiety.
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DISCUSSION

This study shows the predictive value of a composite index of slowing to new onset 

syndromal depression/anxiety in older adults. Participants who were slow in both motor and 

psychomotor function were twice as likely to experience syndromal depression/anxiety over 

15 months compared to those of average or normal speed in both domains. Follow-up 

analyses suggest that the CIS is driven by slowness in the gait speed component.

Slowed gait speed represents accelerated biological aging across multiple organ systems; 

slowing of processing speed signals a reduced ability to cognitively adapt to new situations.
35 Mobility and cognitive slowing represents both neural and musculoskeletal changes, 

possibly representing a vulnerability to illness and reduced neural homeostasis,36 or the 

tendency of neural circuits to maintain equilibrium. This vulnerability is supported by 

findings that cognitive slowing is more likely to progress to dementia if accompanied by 

mobility impairment; and similarly, mobility impairment is more likely to result in falls and 

fractures if accompanied by cognitive slowing.37, 38 The combination of slow gait with 

objective cognitive impairments are associated with an increased risk of falls and fractures, 

dementia, and mortality.39 Our study expands the slowing literature by showing that the co-

occurrence of slowed gait with slowed processing speed increases the risk for depression and 

anxiety (relative to having neither).

Slowed gait and slow processing may represent shared neural circuitry involved in both 

walking and neurocognitive functions. This neural circuit is related to depression/anxiety 

risk; for example, evidence suggests that degeneration of neurotransmitter systems—

primarily the dopaminergic system—may contribute to age-related gross and fine motor 

declines, as well as to higher cognitive deficits,40 and depression. Specifically, aging is 

associated with decreased dopamine receptors and transporters,41 which may be related to 

cognitive, musculoskeletal, and mood disorder development. For example, loss of the 

dopamine transporters and dopamine D2 receptors is associated with decreased motor speed 

and executive functioning.42 Dopaminergic neurons are also involved in cognitive 

processing and working memory.43 Furthermore, dopamine agonists are effective in some 

individuals with treatment-resistant depression,44 and individuals diagnosed with depression 

have lower levels of dopamine metabolites in their cerebral spinal fluid.45 Moreover, the 

“depression executive dysfunction theory” hypothesizes that dysfunction of the frontal-

subcortical networks contributes to depression.46 We have shown, for example, that, in late-

life depression, caudate volume is both lower compared with never-depressed individuals, 

and related to severity of depression.47 The frontal-subcortical networks share parallel 

pathways and anatomic structures (thalamus), which are involved in motor, executive, 

motivational (dopamine), and emotional regulation. Thus, it makes sense that cognitive and 

gait slowing would also parallel “emotional slowing” (depression).

While these findings must be replicated, they have potential clinical implications. Working 

with rehabilitation or cognitive remediation specialists to minimize further slowing (via 

physical activity) and/or re-gain lost gait speed and modifying therapeutic and prevention 

behaviors to accommodate slowing processing speed, may decrease the risk of developing 

depression/anxiety. While preliminary, these observations support continued research into 
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whether protocolized clinical assessments of both gait speed and psychomotor speed is 

useful in identifying (and intervening) in older patients at elevated risk for neuropsychiatric 

disease. While we did identify that participants who scored “positive” on the CIS were twice 

as likely as participants with neither problem to develop depression/anxiety, we view these 

findings as hopeful, given the fact that there are interventions to remediate (or at least 

minimize) both gait speed and psychomotor slowing.48, 49 While hypothetical, a possible 

biological connection among gait slowing, psychomotor slowing, and depression/anxiety 

(reduced dopaminergic tone), supports a potential neural or molecular target for future 

prevention and intervention translational trials in these at-risk older adults. In addition, 

extracting information about motor and processing speed is something that may be done in 

the future by smartphones (e.g., GPS tracking of distance traveled for gait speed and time 

and accuracy between clicks for processing speed).

This study had several limitations. First, our categorical classification of slowing may be a 

relatively crude assessment of mobility and cognitive impairment. A continuous expression 

of slowing in both gait and psychomotor speed (with a range of scores) may provide more 

detailed information of the relation between slowing and depression/anxiety risk. Second, 

we examined baseline slowing status only. It may be helpful to consider the relative timing 

of decline in the two domains over a longer follow-up period as there is evidence that slowed 

gait speed occurs secondarily to slowed processing speed.50 In this sample, gait speed and 

processing speed did not significantly change/decline over the 15 months. Third, we 

combined depression and anxiety events into one outcome (due to the low number of events 

in our sample [54 events or 25% of sample]; depression events = 43 (20%); anxiety events = 

9 (4%); comorbid depression and anxiety events = 2 (1%)).). While depression and anxiety 

commonly co-occur during late life, it may be helpful to examine depression and anxiety 

outcomes separately, particularly when using interventions that target putative mechanisms 

of action. Fourth, generalizability may be limited to older adults with subsyndromal 

depression symptoms. Another limitation is that usual care could have varied for different 

types of patients (e.g., MCI patients versus knee osteoarthritis patients), but we did not 

collect this information from participants and therefore were unable to examine those effects 

in our regression model. However, usual care vs. active study intervention did not matter in 

terms of our outcome and that lack of effect did not differ by the 3 RCTs. Finally, it was 

surprising that baseline depression symptoms did not predict new onset depression/anxiety. 

Prevention interventions for major depressive disorder often follow adults for 2 years. It is 

possible that our follow-up interval (15 months) was too short to observe new onset of major 

depressive disorder. It is also possible that baseline symptoms did not predict new onset 

depression/anxiety because all participants had to have some degree of symptomatology to 

be eligible for the study. The usual strong association of past and future depression is usually 

based on having a wider range of symptoms at baseline. Constraining the range at baseline 

likely reduced the potential to see an association.

Conclusion

To advance objective, easy-to-administer assessments of late-life depression and anxiety 

risk, we explored the relative predictive value of the combination of both gait speed and 

psychomotor slowing on time to new episode depression or anxiety in older adults at risk for 
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these common psychiatric conditions. Our composite index of slowing was superior at 

predicting incident depression or anxiety compared to participants who had neither type of 

slowing. Future research is needed to explore the neurobiology of slowing to better 

understand the interplay of age-related changes in motor and cognitive function, and the 

pathophysiologic changes underlying late life neuropsychiatric disorders.
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Why does this paper matter?

While there are established medical, psychiatric, and psychosocial risks for becoming 

depressed and anxious, there are no objective behavioral measures that are routinely used 

for risk stratification. Both gait speed and psychomotor speed may predict incident 

depression and anxiety.
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KEY POINTS

• We explored the relative predictive values of gait speed, psychomotor 

slowing, and a composite index of these two measures on time to new episode 

depression or anxiety in older adults at risk for these common psychiatric 

conditions.

• The co-occurrence of slowed gait with slowed processing speed increased the 

risk for new-onset depression or anxiety (relative to having neither type of 

slowing).

• Evaluating both gait and psychomotor speed in at-risk older adults may 

predict incident mental illness and inform prevention planning.
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Figure 1. 
Survival curves for 15-month incidence of new onset syndromal depression/anxiety by 

slowing group.
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Table 1.

Descriptive statistics for the study sample by slowing status.

Total sample 
(N=213)

No slowing 
(95)

Gait slowing 
(59)

Psychomotor 
slowing

(19)

Composite index
(40) F or x2 p-value

Demographics

Age, years 74.31 (8.89) 72.19 (8.14) 76.14 (8.57) 70.45 (8.80) 77.70 (9.00) 6.940 <0.001

Male, % (n) 31.04 (86) 36.80 (39) 15.94 (11) 50.00 (10) 25.58 (11) 13.071 0.004

Black/minority status, 
% (n) 22.38 (62) 14.15 (15) 20.29 (14) 35.00 (7) 34.88 (15) 10.200 0.017

Education, years 14.2 (2.64) 15.29 (2.48) 14.18 (2.51) 13.70 (2.43) 12.95 (2.61) 9.904 <0.001

Psychosocial scales

Depression symptoms 5.90 (2.44) 5.90 (2.37) 5.80 (2.75) 5.45 (2.14) 5.74 (1.99) 0.204 0.893

Anxiety symptoms 3.24 (2.71) 3.49 (3.26) 3.29 (2.50) 2.50 (1.99) 3.00 (1.99) 0.881 0.451

Pain 7.95 (4.58) 7.27 (4.53) 8.81 (4.34) 6.35 (4.82) 8.36 (4.31) 2.702 0.046

Sleep quality 1.125 (0.74) 1.12 (0.793) 1.23 (0.731) 0.95 (0.686) 1.17 (0.794) 0.763 0.576

Slowing measures

Gait speed 0.82 (0.29) 1.02 (0.16) 0.60 (0.21) 1.04 (0.20) 0.54 (0.18) 114.475 <0.001

Psychomotor speed −0.27 (1.21) 0.41 (0.79) 0.14 (0.70) −1.59 (0.44) −1.98 (0.73) 136.83 <0.001
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Table 2.

Number (%) of participants who experienced an incident event within 15 months by slowing status.

Slowing status Total N # (%) of Events

 Average/normal 95 20 (21.1)

 Gait slowing only 59 19 (32.2)

 Psychomotor speed slowing only 19 2 (10.5)

 Composite index of slowing 40 13 (32.5)

Notes. Fishers exact test, df=3 = 5.598; p = 0.128.
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Table 3.

Cox regression analysis examining the association between the composite index of slowing and 15-month 

incidence of new onset syndromal depression/anxiety

95.0% CI for Exp(B)

Variables B SE Wald df Sig. Exp(B) Lower Upper

Covariates

Age 0.004 0.016 0.064 1 0.801 1.004 0.972 1.037

Depression symptoms 0.078 0.055 2.027 1 0.154 1.081 0.971 1.203

Anxiety symptoms 0.115 0.052 4.877 1 0.027 1.122 1.013 1.242

Treatment group 0.103 0.288 0.127 1 0.721 1.108 0.630 1.951

Measures of slowing 6.872 3 0.076

No slowing in either domain (ref)

Gait slowing 0.631 0.325 3.765 1 0.052 1.880 0.994 3.555

Psychomotor slowing −0.519 0.749 0.480 1 0.488 0.595 0.137 2.583

Composite index of slowing 0.748 0.374 3.998 1 0.046 2.113 1.015 4.397

Notes. There were no differences across the three RCTs on new-onset depression/anxiety:

Mild cognitive impairment*: B=0.10, SE = 0.34, Exp (B) = 1.106, 95% CI – 0.56 – 2.15, p=0.76.

Knee OA*: B=0.73, SE = 0.38, Exp (B) = 2.079, 95% CI – 0.973 – 4.443, p=0.06.

*
disabilities requiring home care served as the referent category. These p-values were not adjusted for multiple comparisons, given that even with 

no adjustment, they did not reach traditional levels for statistically reliable effects.
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