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Abstract 
Background: Older adults reporting higher energy levels have better physical function. It is not known if these associations persist among older 
adults reporting fatigue or if higher energy is associated with cognitive function. We examined longitudinal associations between self-reported 
energy, gait speed, and cognition, stratified by fatigue, in 2 613 participants (aged 74.6 ± 2.87 years) in the Health, Aging and Body Composition 
Study.
Methods: Self-reported energy (0–10, dichotomized at median) and fatigue (present/absent) were measured at baseline. Usual and rapid-paced 
gait speed (m/s), modified Mini-Mental State Examination (3MS), and Digit Symbol Substitution Test (DSST) were measured at baseline and 
annually over 8 years. Linear mixed effect models compared changes in gait speed, 3MS, and DSST between higher and lower energy groups 
within fatigue strata.
Results: At baseline, 724 participants (27%) were fatigued; 240 (33%) coreported higher energy (9% of total). The remaining 1 889 participants 
were fatigue-free (73%); 1 221 (65%) coreported higher energy (47% of total). Those with fatigue and higher energy had average rapid gait 
declines of 0.007 m/s per year (p = .04) after adjustment for demographics, comorbidities, depressive symptoms, and exercise. DSST declines 
were found among only fatigue-free participants (β = 0.17, p = .01). No statistically significant associations with energy were found for fatigue-
free participants, or for usual gait or 3MS.
Conclusions: Asking about older adults’ energy levels as well as fatigue may identify a subgroup of older adults protected against physical and 
cognitive decline, even among those with fatigue.
Keywords: Mobility, Healthy aging, Physical function

Lower energy and higher fatigue are common complaints in 
older age (1). Energy is often conflated with fatigue in the 
research literature, and the constructs are treated as opposites 
on a single continuum (2). Although energy and fatigue may 
overlap, they also are distinct perceptual states. Self-reported 
energy is “an individual’s potential to perform mental and 
physical activity,” synonyms for which include vitality (2,3). 
Self-reported energy is associated with vitality, general health, 
and motivation (4–6) In contrast, fatigue is “an unpleasant 
physical, cognitive, and emotional symptom described as 
tiredness not relieved by common strategies that restore en-
ergy” (7,8). Fatigue is a frequently evaluated quality of life 
metric in patients with chronic illness (2–4). Importantly, 
each state has independent predictors (2,9–11). For example, 
Boolani et al. discovered that depression predicted fatigue 
(not energy), and body mass index (BMI) and physical activ-
ity predicted energy levels (not fatigue) (9). Moreover, neu-

roimaging studies suggest energy and fatigue have different 
neurobiological correlates (2,12). Thus, it is important to ex-
amine the effects of energy and fatigue perception on physical 
and cognitive function separately from each other.

Fatigue has been associated with poorer physical func-
tion, including prodromal Parkinson’s disease and mild 
Parkinsonian signs (13–18). Fatigue has also been associ-
ated with poorer cognitive function in clinical populations, 
including slower information processing speeds and memory 
impairment (19–22). Work done by us (17,18,23,24) and oth-
ers (2,10,25) indicates higher levels of self-reported energy 
are cross-sectionally associated with faster gait speed but not 
cognition (13–18). However, the associations of energy with 
physical and cognitive function have not been tested longi-
tudinally, nor separately for those with and without fatigue.

Our primary comparison was between those who reported 
higher versus lower energy among older adults coreporting 
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fatigue. We investigated the gait speed decline of community- 
dwelling older adults from the longitudinal Health, Aging 
and Body Composition Study (HABC), for those with higher/
lower energy within strata of fatigued and fatigue-free partic-
ipants. We focused on gait speed decline at usual and rapid 
pace, because of previously demonstrated associations with 
energy and fatigue (3,9,12). We conducted a secondary anal-
ysis of declines in cognitive function among those report-
ing higher energy within strata of fatigued and fatigue-free 
participants.

Method
Health, Aging and Body Composition Study is a population- 
based study conducted in Memphis, Tennessee, and 
Pittsburgh, Pennsylvania, with active follow-up starting in 
1997–1998 and ending in 2011 (26). A total of 3 075 men 
and women between ages 70 and 79 joined the study; 45% 
of the women and 33% of the men were Black; remaining 
participants were White (26). To be eligible to enroll, at base-
line participants had to be free of difficulty walking a quar-
ter mile or climbing 10 stairs (26). HABC was designed to 
evaluate changes in body composition with age, and assess 
differences in the onset of functional limitation and mortality 
by race and sex (26).

For the current analyses, we selected those with data on 
both self-reported energy and fatigue levels at Study Year 2 
(calendar years 1998–1999); this is the first time when energy 
and fatigue were collected concurrently, and it represents the 
baseline for this analysis. Each participant with energy and 
fatigue status at Year 2 also had to have at least 3 measure-
ments over the next 8 years of follow-up of rapid gait speed, 
usual gait speed, Teng Mini-Mental State Examination [3MS], 
and Digit Symbol Substitution Test [DSST]. Demographics, 
smoking, and the presence of chronic conditions were assessed 
at HABC’s Year 1 visit.

Main Exposures: Energy and Fatigue Status
Our primary exposure was participants’ self-reported 
energy stratified by fatigue status at Year 2. Self-reported 
energy at Year 2 was measured by asking participants to 
describe their usual energy levels in the past month on a 
scale of 0 to 10, where 0 is no energy and 10 is the most 
energy they have ever had. Energy was dichotomized at the 
median (≥7 was considered higher energy; Supplementary 
Table 1). All analyses compare the higher energy group to 
the referent lower energy group. Of note, the HABC study 
only provided information from a single question about 
energy, rather than multidimensional or scaled question-
naires. However, we have consistently shown in past stud-
ies that higher scores on this question about energy were 
associated with more physical activity (by objectively mea-
sured physical activity and self-report), higher physical per-
formance, physical activity, and fewer depressive symptoms 
(18,24). These associations were independent of adjustment 
for fatigue, as assessed by the tiredness question used in this 
study (18,24). Fatigue was measured at Year 2 by asking 
participants over the past month whether, on average, they 
have been feeling unusually tired during the day (response 
options: yes or no). In addition, tiredness scales have been 
used to assess fatigue in prior studies (7,8,27,28). Single-
item fatigue screening questions have also been validated 
for use in populations with cancer (29).

Outcomes: Gait Speed at Usual and Rapid Pace, 
Modified Mini-Mental State Examination Score, 
and Digit Symbol Substitution Test Score
Gait speed (meters/second) was measured each year between 
Years 2 and 10 (except Year 7) by instructing participants to 
complete a 20-m walk from a standing start, once at their 
usual pace, and once at a rapid pace (as fast as comfortably 
able) (30). Memory, orientation, visuospatial skills, fluency, 
and reasoning were evaluated with the 3MS, a screening 
test for cognitive impairment with a score range of 0–100. 
Normal (subclinical dementia, and dementia) status scores 
are >85 (80–85, <80), respectively (24,31,32). The 3MS 
was measured at Years 3, 5, 7, 9, and 10. Working memory, 
executive function, processing speed, and visuospatial skills 
were evaluated using the DSST, a neuropsychiatric test that 
involves matching symbols to numbers (33,34). DSST scores 
are calculated per total number of accurate symbol to number 
matches made in 90 seconds (35). The DSST was captured at 
Year 5 and Years 7–10 (30).

Covariates (Potential Confounders)
Covariates were assessed at Year 1 of HABC. Demographics 
include self-reported age, race (Black or White) and sex (male 
or female). Health characteristics evaluated were smoking 
status (current, past, ever, never) and BMI. Chronic disease 
covariates include congestive heart failure, cerebrovascular 
disease, coronary heart disease, incident hypertension, diabe-
tes, peripheral arterial disease, and arthritis. These conditions 
were measured via self-report questionnaires, medications 
listed, or Health Care Finance Administration diagnosis (24). 
Depressive symptoms were evaluated using the Center for 
Epidemiologic Studies Depression (CES-D) 10-item question-
naire, which was collected annually between Years 3 and 13 
(19). Physical activity was measured as self-reported walking 
time, calculated as minutes walking for exercise and other 
walking over the past week.

Statistical Analyses
Participants were stratified by fatigue status at baseline 
(Year 2) and all analyses were conducted separately in the 
fatigued group and the fatigue-free group. Within each stra-
tum, the lower-energy group was used as the referent. In 
bivariate analyses, t tests or chi square tests were used to 
evaluate the association of each continuous or categorical 
covariate comparing the higher versus lower energy groups. 
The distribution of continuous variables was evaluated 
with histograms and Q–Q plots prior to using t tests and 
expected values (>5 in each cell) were checked for categor-
ical variables prior to using chi square tests. Unadjusted 
linear mixed effects models were run to assess the average 
annual change in usual and rapid gait speed within fatigued 
and fatigue-free participants. The average annual change 
was used to estimate the average gait speed after 8 years 
of follow-up and the average gait speed decline. Next, lin-
ear mixed effects models were created, stratified by fatigue 
status, to evaluate the relationship of energy status with 
the following outcomes over 8 years: gait speed (usual and 
rapid) and cognitive function (via the 3MS and DSST). Each 
model has a random intercept (to account for repeated out-
come measures within person) and slope for energy status 
with an unstructured covariance G matrix and restricted 
maximum likelihood (REML) estimation method. The 
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Schwarz Bayesian information criteria were used during 
stepwise model-building procedure for each outcome to 
determine the covariates included in the final models. Those 
results were used to select covariates for inclusion in each 
model. An interaction term between year and energy was 
used to establish the group differences of the rate of change 
in each outcome and are the primary results of interest; year 
is coded as study (visit) year (2–10) as opposed to calendar 
time. All analyses were conducted using SAS version 9.4 
(SAS Institute, Cary, NC) (36).

Results
There were 2 613 participants included in this analysis (Figure 
1). Of those, 724 (28.4%) self-reported fatigue at baseline 
and 1 889 (71.6%) did not. Those reporting fatigue were less 
likely to report higher energy compared to fatigue-free partic-
ipants (33.2% vs 64.6%, p < .001) and more likely to have 
coronary heart disease (26.8% vs 19.4%, p < .001) and inci-
dent hypertension (57.3% vs 52.1%, p = .02; Supplementary 
Table 1).

Of those who reported fatigue, 240 (33.2%) also reported 
higher energy, corresponding to 9.2% of the total sample 
(Table 1). Among the fatigued participants, those simultane-
ously reporting higher energy as compared to those reporting 
lower energy were more likely to be Black (45.8% vs 36.8%, 
p = .02), had less postsecondary education (36.8% vs 41.1%, 
p = .02), lower 3MS scores (89.0 vs 90.6, p = .01), and fewer 
depressive symptoms (5.8 vs 7.1, p < .01; Table 1). Differences 
in both usual gait speed (1.09 vs 1.06 m/s, p = .07) and rapid 
gait speed (1.46 vs 1.42 m/s, p = .11) at baseline were not 
statistically significant by energy group amongst fatigued 
participants (Table 1). There was no statistically significant 
difference in DSST scores by energy group amongst fatigued 
participants (33.1 vs 25.5, p = .05).

Among the fatigue-free group, 1 221 (64.6%) also reported 
higher energy, corresponding to 46.7% of the total sample 
(Table 1). Compared to those with lower energy, those with 
higher energy were less likely to have cerebrovascular disease 
(5.7% vs 9.8%, p < .01), peripheral arterial disease (3.5% 

vs 6.8%, p < .01), coronary heart disease (16.9% vs 24.5%, 
p < .01), and incident hypertension (48.2% vs 59.2%, 
p < .01; Table 1). The fatigue-free participants with higher 
energy also had fewer depression symptoms and faster gait 
speed as compared to those reporting lower energy (Table 1). 
Differences in baseline 3MS (90.9 vs 91.1, p = .05) or DSST 
(37.3 vs 37.0, p = .64) were not statistically significant (Table 
1).

Average annual decline in both usual and rapid gait speed 
was similar for both fatigued and fatigue-free participants in 
unadjusted linear mixed effects models (Table 2). Overall, 
among fatigued participants, there was a 26% decline in 
usual gait speed and a 20% decline in rapid gait speed over 
the 8-year study period (Table 2). Fatigued participants core-
porting higher energy had lesser average declines in usual and 
rapid gait speed during follow-up compared to those with 
lower energy levels (24% vs 27% and 18% vs 21%, respec-
tively; Table 2). Among fatigue-free participants, there was a 
23% decline in usual gait speed and a 19% decline in rapid 
gait speed during the 8-year study period (Table 3). Fatigue-
free participants coreporting higher energy had lesser average 
declines in usual and rapid gait speed during follow-up com-
pared to those with lower energy levels (24% vs 25% and 
17% vs 20%, respectively; Table 3).

Results were similar in fully adjusted models (Table 4). The 
annual rate of change for rapid gait speed but not usual gait 
speed was larger in the higher versus lower energy group, 
indicating less decline, for fatigued participants (β = 0.007, 
p = .03; Table 4). No difference was discovered for the annual 
rate of change in DSST by energy group among fatigued par-
ticipants (β = 0.08, p = .5) or for 3MS among fatigued par-
ticipants (β = 0.05, p = .6). Fatigue-free participants reporting 
higher energy had borderline significant larger average annual 
rapid gait speed declines (β = 0.004, p = .05) in Models 1 
and 2, but not after full adjustment in Model 3 (β = 0.003, 
p = .18; Table 4). The annual rate of change for DSST was 
larger in the higher versus lower energy group for the fatigue-
free group (β = 0.17, p = .01), but not for the 3MS (β = 0.08, 
p = .2).

In sensitivity analyses for primary outcomes using 8 as 
a cutoff for higher energy, 114 participants reported both 
fatigue and higher energy; among fatigued participants, the 
interaction of higher energy and year was significantly associ-
ated with usual gait speed decline (β = 0.006, p = .03) but not 
rapid gait speed decline (β = 0.005, p = .21) in models adjust-
ing for demographics and chronic conditions (Supplementary 
Table 3).

Discussion
In this sample of community-dwelling older adults, partici-
pants with higher energy showed less decline in rapid gait 
speed than those reporting lower energy during the following 
8 years, with strongest effects seen in the fatigued group. Our 
work further distinguishes the link with energy on gait speed 
decline separately from fatigue. Self-report of higher energy 
levels in older age, even in the presence of fatigue, may be a 
useful clinical indicator of less mobility decline. Conversely, 
self-report of lower energy, even in the absence of fatigue, 
may alert geriatricians to impending mobility decline.

Contrary to our hypotheses, associations of higher energy 
with usual gait speed were not statistically significant. It has 
been widely reported that usual gait speed declines with 

Figure 1. Flowchart for inclusion into the study. Participants were 
assessed for eligibility, stratified by fatigue status, and then further 
stratified into higher and lower energy groups.
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increasing age and begins to decline more rapidly in those age 
80 and older (37–39). This rapid decline around age 80 is also 
associated with an increase in the energetic cost of walking 
(38,40,41). The average age of participants in this sample was 
75 at baseline and 8 years of follow-up were included; per-
haps as the energetic cost of walking increases at older ages 
among these participants, baseline energy levels would come 
to play a more prominent role in usual gait speed decline. 
In much of the existing literature, only the association of 
fatigue with gait speed has been evaluated, despite increasing 

evidence that energy is also predictive of gait speed (25). Our 
results add to knowledge in this field and are also among the 
first to assess energy in relation to both usual and rapid gait 
speed. Higher energy levels may reflect an underlying robust-
ness in physical function that is more evident for challenging 
conditions; the rapid gait speed condition asks participants to 
push themselves out of their comfort zones in a way that the 
usual gait speed condition does not (42).

Higher self-reported energy may reflect underlying phys-
iological and energy regulation processes that may affect 

Table 1. Sample Characteristics in Fatigued and Fatigue-Free Participants by Energy Status in the Health, Aging, and Body Composition Study at 
Baseline, Total N = 2 613

Fatigue (n = 724) Fatigue-Free (n = 1 889)

Mean ± SD or n (column %)

Higher Energy Lower Energy p Value Higher Energy Lower Energy p Value

Energy level 240 (33.2) 484 (66.8) 1 221 (64.7) 668 (35.3)

Demographics and baseline health status

Age, y 74.7 ± 2.9 74.9 ± 2.9 .52 74.5 ± 2.8 74.7 ± 2.9 .12

Black 110 (45.8) 178 (36.8) .02 475 (38.9) 233 (34.9) .08

Female 154 (64.2) 306 (63.2) .80 555 (45.5) 319 (47.8) .34

Postsecondary education 88 (36.8) 199 (41.1) .02 580 (47.6) 306 (46.0) .15

Diabetes 32 (13.3) 79 (16.3) .29 153 (12.5) 105 (15.7) .05

Congestive heart failure 8 (3.4) 21 (4.4) .49 20 (1.7) 19 (2.9) .08

Cerebrovascular disease 18 (7.5) 47 (10.0) .29 69 (5.7) 65 (9.8) <.01

Peripheral arterial disease 13 (5.6) 31 (6.7) .56 42 (3.5) 44 (6.8) <.01

Coronary heart disease 57 (24.0) 135 (28.4) .21 204 (16.9) 160 (24.5) <.01

Incident hypertension 130 (54.2) 285 (58.9) .23 588 (48.2) 395 (59.2) <.01

Cancer 37 (15.5) 83 (17.2) .56 198 (16.3) 133 (19.9) .05

Current smoker 103 (42.9) 199 (41.1) .78 587 (48.2) 326 (48.8) .22

400 m walk time, m/s 333.1 ± 69.2 339.0 ± 61.8 .86 311.1 ± 51.1 328.8 ± 57.6 <.01

Baseline values of outcome variables

Usual gait speed, m/s 1.09 ± 0.20 1.06 ± 0.21 .07 1.19 ± 0.21 1.12 ± 0.21 <.01

Rapid gait speed, m/s 1.46 ± 0.31 1.42 ± 0.33 .11 1.62 ± 0.32 1.52 ± 0.33 <.01

3MS*, 0–100 89.0 ± 8.2 90.6 ± 7.5 .01 90.9 ± 7.6 91.1 ± 7.1 .05

CES-D†, 0–60 5.8 ± 5.2 7.1 ± 7.0 <.01 3.4 ± 4.0 4.8 ± 5.1 <.01

DSST‡ 33.1 ± 16.5 35.5 ± 13.5 .05 37.3 ± 14.4 37.0 ± 14.2 .64

Notes: t Tests were used for continuous variables, and chi-square tests for categorical variables.
*Teng Mini-Mental State Examination.
†Center for Epidemiologic Studies Depression scale.
‡Digit Symbol Substitution Test.

Table 2. Results of Unadjusted Linear Mixed Effects Models Reporting the Annual Average Change and Estimated Average Decline Over Eight Years in 
Rapid and Usual Gait Speed Among Fatigued Participants, by Energy Status, N = 724

Fatigued Participants

All Fatigued Higher Energy Lower Energy

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Usual gait 
speed

−0.035 (<.001) 26.2% −0.033 (<.001) 24.2% −0.036 (<.001) 27.2%

Rapid gait 
speed

−0.035 (<.001) 19.6% −0.032 (<.001) 17.5% −0.038 (<.001) 21.4%

Note: Results are unadjusted, and the betas and estimated averages are for change in gait speed over the course of the study.
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both physical and cognitive function (43–45). Recent evi-
dence suggests that self-reported energy may reflect changes 
in bioenergetic processes and dopamine availability occurring 
with older age, and/or in the prodromal stages of Parkinson’s 
disease (16,39,45,46). Future studies should assess whether 
older adults with higher energy have more favorable bio-
energetic profiles than older adults with lower energy, and 
whether this differs based on fatigue.

We noted a relatively high prevalence of groups report-
ing discordant levels of energy and fatigue status (41% of 
the sample). Although misclassification bias cannot be ruled 
out, the high level of discrepancy indicates that answers to 
questions pertaining to energy and fatigue may involve dif-
ferent biological processes, further supporting the notion that 
energy and fatigue are not entirely overlapping constructs.

Higher energy was not associated with decline in cognitive 
scores among fatigued participants. These null results align 
with previous cross-sectional findings in this cohort using 
the same measure of energy (23,24). However, we found 
a positive association with DSST among the fatigue-free, 
perhaps driven by the motor component of DSST (23,24). 
Contrary to our hypothesis, there was no longitudinal effect 
of energy on memory in either the fatigued or fatigue-free 
group. These null results for memory align with previous 
cross-sectional results in this cohort using the same mea-
sure of self-reported energy, which did not find associations 
between higher energy and memory (24). Prior studies on 
fatigue and cognition were primarily in clinical populations 
(24); these studies did not distinguish between fatigue and 
energy and their results may not generalize well to healthier 

Table 3. Results of Unadjusted Linear Mixed Effects Models Reporting the Annual Average Change and Estimated Average Decline Over Eight Years in 
Rapid and Usual Gait Speed Among Fatigue-Free Participants, by Energy Status, N = 1 889

Fatigue-Free Participants

All Fatigue-Free Higher Energy Lower Energy

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Average 
Annual Gait 
Speed Change 
(β (p Value))

Estimated Average 
Gait Speed Decline

Usual gait 
speed

−0.034 (<.001) 23.3% −0.034 (<.001) 23.5% −0.035 (<.001) 25.0%

Rapid gait 
speed

−0.038 (<.001) 19.2% −0.035 (<.001) 17.3% −0.037 (<.001) 19.5%

Note: Results are unadjusted, and the betas and estimated averages are for change in gait speed over the course of the study.

Table 4. Linear Mixed Effect Models Reporting Longitudinal Associations Between Self-Reported Energy and Annual Change in Usual and Rapid Gait 
Speed in Fatigued and Fatigue-Free Participants in the Health, Aging and Body Composition Study, Total N = 2 613

Fatigued Participants Fatigue-Free Participants

Outcome Usual Gait Speed Rapid Gait Speed Usual Gait Speed Rapid Gait Speed

β p Value β p Value β p Value β p Value

Model 1: Demographics*

Higher energy −0.009 .32 −0.02 .15 0.02 .0004 0.01 .08

Year −0.04 <.0001 −0.04 <.0001 −0.04 <.0001 −0.04 <.0001

Higher energy × year 0.004 .11 0.007 .03 0.002 .10 0.004 .05

Model 2: Model 1 + comorbidities†

Higher energy −0.01 .29 −0.02 .15 0.02 .001 0.01 .13

Year −0.04 <.0001 −0.04 <.0001 −0.04 <.0001 −0.04 <.0001

Higher energy × year 0.004 .10 0.007 .04 0.002 .11 0.004 .05

Model 3: Model 2 + depressive symptoms and exercise‡

Higher energy −0.006 .54 −0.01 .24 0.02 <.01 0.01 .07

Year −0.04 <.0001 −0.04 <.0001 −0.04 <.0001 −0.04 <.0001

Higher energy × year 0.002 .29 0.007 .04 0.002 .14 0.003 .18

Notes: Low energy is the referent, and baseline gait speed was adjusted for in all models.
*Adjusted for race, sex, age, education.
†Additionally adjusted for baseline diabetes and hypertension.
‡Additionally adjusted for height, and baseline cardiovascular disease, arthritis, peripheral arterial disease, depressive symptoms, and minutes walked per 
week.
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older adults (47). This work on self-reported energy in older 
adults without overt neurologic diagnoses is a step toward 
identifying and addressing the longitudinal impact of higher 
energy on clinically relevant measures of gait and cognitive 
function.

Limitations and Strengths
Only one measurement of energy and fatigue status was 
included, and changes in energy or fatigue were not assessed. 
Fatigue was captured via a standalone question; feeling 
“unusually tired” may not represent other dimensions 
of fatigue captured in broader fatigue scales. Similarly, a  
single-item measure of energy may not fully capture multi-
faceted aspects of energy perception. What constitutes higher 
energy for a given participant may not generalize to all par-
ticipants. Interpretations of higher energy may vary both 
within and between participants; thus, self-reported energy 
was dichotomized at the median to help account for this vari-
ability and to directly build upon past work using this energy 
measure (both as a continuous and dichotomized variable) in 
this cohort (24). Sensitivity analyses suggest that associations 
with gait speed are sensitive to the cut point for higher energy; 
statistically significant results were not replicated for rapid 
gait speed in 114 participants who reported both fatigue and 
higher energy. There may be a survival bias due to the selec-
tion criteria requiring that outcomes be captured at least three 
times during follow-up; those who were less healthy or who 
died may be less likely to have been included. Although prior 
literature has shown that depression may affect gait speed 
(48,49), adjusting for depressive symptoms in this analysis 
did not dilute the effect size or strength of the association 
between higher energy and rapid gait speed among fatigued 
participants. Among fatigue-free participants, the annual rate 
of change in rapid gait speed was no longer statistically sig-
nificant after additional adjustment. It may be the case that 
among fatigue-free participants, changes in rapid gait speed 
may be driven more by chronic conditions or exercise rather 
than self-reported energy itself. However, among fatigued 
participants, the association between higher energy and the 
rate of change in rapid gait speed is robust to adjustment for 
multidimensional confounding variables.

Strengths of this study included longitudinal assessment of 
clinically relevant metrics across mobility, memory, and cog-
nition, domains critical for promoting health and well-being 
in older adults (50–52). The sample itself was well character-
ized, with excellent participant retention and generalizabil-
ity to community-dwelling older adults in the United States 
(26). Energy and fatigue were captured as distinct perceptual 
states, which may more accurately reflect the neurobiology 
underlying each construct (2). The energy measure used has 
been shown to correlate with objective metrics of energy 
expenditure (23), and results for gait speed reproduce prior 
findings in this cohort (18,24). Previous research has demon-
strated the association between fatigue and reduced gait 
speed (53,54); this study contributes a novel assessment of 
the association between energy and gait speed in the presence 
of fatigue, thereby highlighting the distinct clinical relevance 
of energy to physical function. Our results underscore the 
importance of developing more comprehensive assessments 
to evaluate individual’s feelings of energy. Overall, we aim 
to approach this topic with caution and encourage further 
investigation to ascertain the authenticity and reproducibility 
of these findings.

Conclusion
Our findings indicate that higher energy levels are associ-
ated with lesser gait speed decline, especially for those with 
fatigue, when participants are asked to exert themselves. 
Future research should explore the potential physiologic 
mechanisms through which self-reported energy may reflect 
decreased bioenergetic capacity. Lower self-reported energy 
may be an early warning sign for functional aging, including 
decreasing cognitive function. As such, self-reported energy 
may be a candidate for inclusion in a risk stratification algo-
rithm for mobility impairment. Improved understanding of 
the physiology of self-reported energy may lead to novel 
treatments that directly target energy-specific biology and 
innovative approaches for maintaining energy and mobility 
in older age.
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