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Abstract
Background and Objectives:  Fatigue is a common complaint and shares many risk factors with falls, yet the independent 
contribution of fatigue on fall risk is unclear. This study’s primary aim was to assess the association between fatigue and 
prospective fall risk in 5642 men aged 64–100 enrolled in the Osteoporotic Fractures in Men Study (MrOS). The secondary 
aim was to examine the association between fatigue and recurrent fall risk.
Research Design and Methods:  Fatigue was measured at baseline using the Medical Outcomes Study (short form) single-
item question “During the past four weeks, how much of the time did you feel energetic?” Responses were then classified: 
higher fatigue = “none,” “a little,” or “some” of the time and lower fatigue = “a good bit,” “most,” or “all” of the time. We 
assessed falls using triannual questionnaires. Fall risk was examined prospectively over 3 years; recurrent falling was de-
fined as at least 2 falls within the first year. Generalized estimating equations and multinomial logistic regression modeled 
prospective and recurrent fall risk as a function of baseline fatigue status, adjusted for demographics, medications, physical 
activity, and gait speed.
Results:  Men with higher (26%) versus lower baseline fatigue were older (75.1 ± 6.2 vs 73.2 ± 5.7 years), 24% less ac-
tive, and had worse physical function (gait speed = 1.09 ± 0.24 vs 1.24 ± 0.21 m/s), all p < .0001. Within 1 year, 25.4% 
(n = 1409) had fallen at least once, of which 47.4% (n = 668) were recurrent fallers. Men with higher versus lower fatigue 
had 25% increased fall risk (relative risk = 1.25, 95% CI: 1.14–1.36) over 3 years follow-up, but had 50% increased odds 
of recurrent falling (odds ratio = 1.50, 95% CI: 1.22–1.85) within the first year.
Discussion and Implications:  Fatigue is an important risk factor of falling independent of established risk factors. 
Reductions in fatigue (ie, increased energy) may lessen the burden of falls in older men and provide a novel avenue for fall 
risk intervention.
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Background and Objectives

Falls are a significant cause of disability and mortality in 
older adults (1–4). Fall injuries are among the most expen-
sive medical conditions to treat, with costs totaling more 
than $31 billion to Medicare and more than $50 billion 
in medical costs for fatal and nonfatal fall injuries in 2015 
(5–8). Although women report falling more frequently than 
men, both older men and women have a high incidence 
of falls (9,10). Worse physical function, slower gait speed, 
executive dysfunction, and chronic disease burden are all 
strongly associated with increased fall risk (11–14).

Fatigue is commonly regarded as “a subjective lack of 
physical and/or mental energy that is perceived by the indi-
vidual to interfere with usual or desired activities” (15,16). 
Fatigue is a frequently reported symptom among older adults 
with and without disease and shares several fall risk factors, 
including slower gait speed, worse physical function, and 
greater disability (17–19). However, the prospective associ-
ation between fatigue and prospective falls has not yet been 
determined. One previous study found that walking-induced 
fatigue contributed to increased step width variability and 
reduced minimum foot clearance, 2 gait-related factors 
known to increase tripping risks (20). In another study, fa-
tigue severity was positively associated with fall frequency, 
and older adults with more severe fatigue had a higher rate of 
falls compared to those reporting milder fatigue (21). While 
there is some indication that fatigue likely increases fall risk, 
these studies are few, as only Kamitani et al. (21) examined 
the prospective relationship between fatigue and fall risk.

In this investigation, we examined the prospective as-
sociation between fatigue (ie, less vs more energy) and fall 
risk in older men. As a secondary aim, we examined the 
prospective association between fatigue and recurrent fall 
risk. We hypothesized that men with higher fatigue will 
have an increased risk of both falling and recurrent falls 
compared to men with lower fatigue.

Research Design and Methods

Study Participants

The Osteoporotic Fractures in Men Study (MrOS) is a 
multicenter, prospective cohort study designed to examine 
osteoporosis, fracture, and prostate cancer risk factors 

in older men (22,23). MrOS enrolled 5994 community-
dwelling, ambulatory men from 6 sites in the United 
States (Birmingham, AL; Minneapolis, MN; Palo Alto, CA; 
Pittsburgh, PA; Portland, OR; San Diego, CA). Baseline 
visits were conducted from March 2000 to April 2002. To 
be eligible, participants needed to be aged 65 years or older, 
able to walk without assistance, have no history of bilateral 
hip replacements, able to provide self-reported data, be ab-
sent of a medical condition that would result in imminent 
death (judgment made by the investigator), and able to 
understand and sign an informed consent. Further details 
on recruitment can be found elsewhere (22,23). The insti-
tutional review board from each site approved the study 
protocol, and written informed consent was obtained from 
all participants.

Outcome Measure: Falls Assessment

Falls were defined as unintentionally coming to rest on the 
ground or another lower level not resulting from a major 
health event (eg, stroke) or external hazard (eg, vehicular 
accident) (24). Information on falls was collected from 
triannual follow-up questionnaires that were mailed to 
participants every March, July, and November. Response 
rate exceeded 95%. The questionnaire assessed whether the 
participant had fallen in the previous 4 months, and if the 
participant indicated a fall, queried how many times they 
fell. Falls were prospectively assessed over 3  years for a 
total of 9 triannual questionnaires. The follow-up time was 
truncated in order to not extend too far from the exposure 
variable measurement because fatigue levels likely change 
over time. As a secondary analysis, recurrent falling was 
defined as having 2 or more falls within 1 year of follow-up 
after baseline. Recurrent falling was assessed over 1 year or 
3 triannual questionnaires, as most published studies have 
defined people who had recurrent falls as “persons who fell 
at least twice within 1 year” (25).

Predictor Variable: Fatigue

A single-item question from the Medical Outcomes Study 
(short form) asked participants at baseline “During the 
past four weeks, how much of the time did you have a lot 

Translational Significance: Fatigue is an underappreciated and undertreated complaint common among older 
adults associated with multiple health conditions and physical functional decline. This work highlights higher 
fatigue as an important and significant independent risk factor for prospective and recurrent falls. A novel 
translational finding was that the combined effect of slower gait speed and higher fatigue increased recurrent 
fall risk among older men. Identifying those with higher fatigue may provide a novel avenue for interventions 
targeting older adults at increased fall risk.
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of energy?” (26,27). Participants who answered feeling 
energetic “none,” “a  little,” or “some” of the time were 
categorized as having higher fatigue (ie, less energy), 
while participants who responded feeling energetic “a 
good bit,” “most,” or “all” of the time were categorized 
as having lower fatigue (ie, more energy). In addition, we 
also evaluated the full range of responses to evaluate fa-
tigue severity. This question has been used previously as 
a marker of fatigue in other studies (21,26–28).

Potential Covariates

An in-person clinical examination included anthropo-
metric and physical function measures (22,23). A trained 
examiner used standard equipment to measure the height 
(stadiometer) and weight (digital or balance beam scale) 
to calculate body mass index (weight [kg]/height [m2]). 
Gait speed (ie, mobility) was measured using a timed 
completion of a 6-m course performed at the participant’s 
usual walking speed, with the faster of the 2 walks used 
for these analyses (29). Grip strength was assessed in 
both hands using a Jamar handheld dynamometer, and 
the maximum score for either hand was included as a 
covariate (30).

Self-administered questionnaires were used to ascer-
tain education level, lifestyle, medical history, and med-
ication use (22,23). Self-reported health was measured 
using the question “Compared to other people your 
own age, how would you rate your overall health?” on a 
5-point Likert scale, with higher scores indicating better 
health. Medical history questions were self-reported and 
phrased: “Has a doctor or other health care provider ever 
told you that you had X disease” (ie,  diabetes, cancer, 
hypertension, heart attack, congestive heart failure, 
and stroke). Participants brought current prescription 
and nonprescription medications to the baseline clinic 
visit, and study staff recorded the name and dose of all 
medications. Medications were entered into an elec-
tronic database, and each medication was matched to its 
ingredient(s) based on the Iowa Drug Information Service 
Drug Vocabulary (College of Pharmacy, University of 
Iowa, Iowa City, IA) (31). Trouble with dizziness was 
self-reported and phrased in the following manner: “Do 
you sometimes have trouble with dizziness?”

Physical activity was measured using the Physical 
Activity Scale for the  Elderly, a 12-item questionnaire 
designed to assess leisure, household, and occupational 
activities in which older adults commonly engage (32). 
Functional impairment was assessed by a question-
naire that asked about difficulty walking 2–3 blocks on 
level ground, climbing 10 steps, preparing meals, doing 
heavy housework, and shopping for groceries or clothing 
(33,34). Conditions that may prevent standing or step-
ping were self-reported and phrased in the following 
manner: “Do you have any problems from recent surgery, 

injury or other health conditions that might prevent 
you from standing straight up from a chair or walking 
quickly?”

Statistical Analyses

We compared baseline characteristics of men with higher 
versus lower fatigue, using t test or Wilcoxon Mann–
Whitney U test for continuous variables and chi-square 
tests for categorical variables. Generalized estimating equa-
tions for repeated measures data with Poisson distribution 
were used to model prospective falls over 3 years of self-
reported falls every 4 months as a function of baseline fa-
tigue status; fall risk ratios (relative risk [RR]) and 95% 
confidence intervals were estimated from the generalized 
estimating equation models. A  first-order autoregressive 
correlation structure was used to account for the correlated 
responses from the same participants (14,35). Multinomial 
logistic regression (0, 1, ≥2 falls) was used to model the 
odds of recurrent falling after 1  year of follow-up. All 
analyses were first adjusted for age and clinic site, then 
adjusted for correlates of fatigue and fall risk, but not 
factors that precede fatigue. Although self-reported health 
conditions were significant when comparing men with 
higher versus lower fatigue, they did not significantly 
contribute to the model. Final models were adjusted for 
site, age, body mass index, number of medications, total 
physical activity score, dizziness, any functional impair-
ment, self-reported health rating, self-reported conditions 
preventing standing or stepping, gait speed, and maximum 
grip strength. Furthermore, in the final model, we examined 
the interaction between gait speed and fatigue on fall and 
recurrent fall risk. Additional adjustment for fall history 
was included to determine whether the association be-
tween fatigue and fall risk was independent of fall history. 
If an interaction with fall history and fatigue was found, we 
further examined these results stratified by fall history. We 
repeated these analyses by replacing our dichotomous pre-
dictor with a variable using the full range of responses to 
examine fatigue severity.

A total of 5642 men were included in the final analytic 
sample, as we excluded 352 men due to missing data for 
covariates of interest (N = 1 fatigue, N = 344 medications, 
and N  =  7 functional impairment). We performed all 
analyses using SAS 9.4 software (SAS Institute Inc. Cary, 
NC). Statistical significance was considered at p value less 
than .05.

Results

Participant Characteristics by Fatigue Status

The mean age of the men at baseline was 73.7 (SD = 5.9, 
range: 64–100 years). The distribution of fatigue scores is 
shown in Figure 1; nearly 26% of men were categorized 
as having higher fatigue. Men with higher fatigue differed 
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from those with lower fatigue on most characteristics 
examined, except race (Table 1). Further descriptive char-
acteristics comparing men with higher fatigue versus lower 
fatigue can be found in Table 1.

After 1 year of follow-up, 34.6% of those in MrOS with 
higher fatigue reported having a fall compared to 22% with 
lower fatigue (Figure 2). Over the 3-year follow-up period, 
the proportion of participants who fell increased across 
both fatigue groups; however, the proportion reporting a 
fall was consistently higher at each 4-month period in those 
with higher baseline  fatigue. After 3  years of follow-up, 
61.8% with higher baseline fatigue reported having a fall 
compared to 45.7% with lower fatigue. Within 1 year of 
follow-up, 25.4% (n  = 1409) of the sample had fallen at 
least once, of which 47.4% (n = 668) were recurrent fallers.

Risk of Prospective Falls and Recurrent Falling in 
Those With Higher Baseline Fatigue

Those with higher baseline fatigue had a 62% increased 
risk (p < .0001) of a fall adjusted for age and clinic site 
compared to those with lower baseline fatigue (Table 2 and 
Supplementary Table 1). Having higher baseline fatigue 
was associated with an increased risk of a fall by 25% (p < 
.0001) in the final model adjusted for all covariates (Table 2 
and Supplementary Table 1). Furthermore, there was no in-
teraction between gait speed and fatigue (p = .34).

Additional adjustment for previous fall history attenuated 
the relationship but remained significant (RR: 1.22, 95% 
CI: 1.12–1.33). Additionally, there was a significant interac-
tion between fatigue and fall history, and after stratification, 
having higher baseline fatigue was more strongly associated 
with increased fall risk in those without a previous fall his-
tory (RR: 1.26, 95% CI: 1.12–1.42) compared to those with 
a previous fall history (RR: 1.18, 95% CI: 1.03–1.34).

Having higher baseline fatigue was associated with 
increased odds of recurrent falling by 2.3-fold compared 
to those with lower fatigue, after age and clinical site 

Table 1.  Baseline Characteristics of Participants in the 
Osteoporotic Fractures in Men Study (MrOS) Stratified by 
Fatigue Status (N = 5642)

Characteristics

Higher  
Fatigue*

Lower 
Fatigue

n = 1450 n = 4192

Mean ± SD  
or n (%)

Mean ± SD 
or n (%)

Demographics and anthropometrics   

  Age, years 75.0 ± 6.2 73.2 ± 5.7†

  Race/ethnicity   

    White 1306 (90.1) 3725 (88.9)

    Non-White 144 (9.9) 467 (11.1)

  Education   

    Less than high school 136 (9.4) 232 (5.5)

    High school 277 (19.1) 703 (16.8)

    College or graduate school 1037 (71.5) 3257 (77.7)

  Body mass index, kg/m2 28.0 ± 4.3 27.2 ± 3.7

Physical activity and function   

 � Physical Activity Scale for the 
Elderly total score

118.5 ± 61.7 155.6 ± 68.1

  Any functional impairment 668 (46.1) 512 (12.2)

  Physical performance measures   

    Gait speed, m/s 1.09 ± 0.24 1.24 ± 0.21

    Grip strength, kg 39.2 ± 8.4 42.4 ± 8.4

 � Self-reported any conditions 
preventing standing/stepping

180 (12.4) 155 (3.7)

Medical history and medications   

 � Self-reported good or excellent 
health rating

546 (37.7) 272 (6.5)

 � Self-reported doctor/health  
care provider diagnosed

  

    Diabetes 242 (16.7) 371 (8.9)

    Any cancer 480 (33.1) 1165 (27.8)

    Nonskin cancer 322 (22.2) 708 (16.9)

    Hypertension 762 (52.6) 1698 (40.5)

    Heart attack 293 (20.2) 503 (12.0)

    Congestive heart failure 136 (9.4) 161 (3.8)

    Stroke 138 (9.5) 179 (4.3)

  Benzodiazepine use 96 (6.6) 108 (2.6)

  Antidepressant use 162 (11.2) 190 (4.5)

 � Nonsteroidal anti-inflammatory 
drug use

305 (21.0) 583 (13.9)

  Total number of medications used 5.5 ± 4.0 3.8 ± 3.4

 � Previous history of falling 
(12 months prior baseline)

418 (28.8) 782 (18.7)

 � Self-reported trouble with 
dizziness

584 (40.3) 859 (20.5)

*Based on the question “During the past 4 weeks, how much of the time did 
you have a lot of energy?” Higher fatigue (ie, less energy) = “none,” “a little,” 
or “some” of the time and lower fatigue (ie, more energy)  =  “a good bit,” 
“most,” or “all” of the time.
†All comparisons between fatigue status were significant at p < .0001 except 
race (p = .20) and any cancer (p = .0001).

2.2

6.3

17.2

24.7

40.2

9.5

None A little Some A good bit Most All

0

5

10

15

20

25

30

35

40

45
P

ro
p
o
rt

io
n
 o

f 
P

ar
ti

ci
p
an

ts
, 
%

N=126 N=356 N=968 N=1,392 N=2,267 N=533

Figure 1.  Distribution of participant responses (ie, fatigue se-
verity) to the question “During the past 4 weeks, how much of the time 
did you have a lot of energy?” in the Osteoporotic Fractures in Men 
Study (MrOS). Higher fatigue (ie, less energy) was categorized as those 
who answered the question with “none”, “a little” or “some” of the time.
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adjustment, p < .0001 (Table 2 and Supplementary Table 2). 
In the fully adjusted model, having higher fatigue increased 
the odds of recurrent falling by 50%, p = .0001 (Table 2 
and Supplementary Table 2).

There was a significant interaction between gait 
speed and fatigue for recurrent falls (0 vs 1 fall: β coef-
ficient  =  −0.89  ± 0.41, p  =  .03; 0 vs 2 falls: β coeffi-
cient  =  −0.95  ± 0.41, p  =  .02), regardless of adjustment 
for previous fall history. In the fully adjusted model, addi-
tional adjustment for previous fall history attenuated the 
relationship between fatigue and recurrent fall risk, but it 
remained significant (odds ratio: 1.48, 95% CI: 1.19–1.83). 
There was no significant interaction between fatigue and 
fall history for recurrent falling (0 vs 1 fall p = .99, 0 vs 2 
falls p = .70).

There was a dose–response relationship between fatigue 
severity  and fall and recurrent fall risk (Supplementary 
Table 3).

Discussion and Implications
This study extended previous work on fall risk factors by 
examining the prospective association between fatigue and 
fall and recurrent fall risk in a large cohort of older men 
aged 64–100 years (14,36–40). We found that higher base-
line fatigue (ie, less energy), which was prevalent in 26% 
of participants, was associated with a 25% increased risk 
of having at least one fall during a 4-month period over 
3  years and 50% greater odds of recurrent falls within 
1 year compared to those with lower fatigue.

While prevalence rates of self-reported fatigue vary 
greatly depending on the assessment tool (41–44), the prev-
alence of higher fatigue in MrOS is similar to other studies 
that have examined fatigue using a single-item question. In 
the Jerusalem Longitudinal Cohort Study, the prevalence of 
fatigue among similarly aged older adults was 29% (41), 
comparable to the 26% of men in MrOS. Similar to the 
Jerusalem Longitudinal Cohort Study (41), our investiga-
tion found that higher fatigue was associated with older 

age, indicating a need for earlier intervention to reduce the 
future burden of fatigue on falls and other health outcomes.

Fatigue and falls share several risk factors. Fatigue was 
associated with worse physical function and greater disa-
bility in our study and the InChianti Study (18), and worse 
physical function and worse gait characteristics (ie, stride 
frequency, stride lengths, center-of-mass lateral sway, and 
ankle plantarflexion and hip extension during push-off) 
have been found to increase fall risk (12,45). Walking-
induced fatigue has also been shown to increase factors 
associated with tripping (ie, increasing step width varia-
bility and reducing minimum foot clearance) (20), which 
may be one pathway for fatigue to increase fall risk. Our 
findings support this novel pathway for recurrent fallers 
(eg, high-risk individuals) only, as we identified a signifi-
cant interaction between gait speed and fatigue, indicating 
that those with slower gait and higher fatigue were at even 
greater risk of recurrent falls. Fatigue may contribute to 
the inability to maintain postural control, as both cognitive 
and physical fatigue have been found to decrease postural 
control in young adults (46), and is also associated with 
increased fall risk, particularly injurious fall risk (47,48).

In this study, men with higher baseline fatigue had sig-
nificantly lower levels of physical activity, which is con-
sistent with the literature (49–51). It has been proposed 
that fatigue and energy may be separate but related states 
(51,52). Fatigue has been conceptualized as one’s percep-
tion of having reduced capacity to complete activities/
tasks, while energy is defined as the subjective capacity to 
complete the physical activity and is associated with en-
ergy expenditure (53,54). Physical activity interventions 
have been shown to improve fatigue in diseased and 
frail populations with high fatigue (55–58) and also are 
beneficial in preventing falls in older adults at increased 
fall risk (59). Thus, utilizing lack of energy as the defi-
nition of having higher fatigue supports the underlying 
mechanisms for how physical activity interventions may 
be beneficial to reduce fall risk by lessening fatigue (ie, 
increasing energy levels).

One of the major strengths of this study is that MrOS is 
a very large cohort of community-dwelling older men who 
were not selected for specific ailments. These men were 
prospectively followed using triannual questionnaires, 
which may have reduced recall bias. Other strengths in-
clude the ability to adjust for many fall- and fatigue-
related covariates to limit confounding. A  limitation of 
this work is that fatigue status was only assessed at base-
line and could vary depending on circumstances such as 
mood, self-motivation, season, and health (60). Single-item 
questions assessing fatigue are also less sensitive given 
that older adults may modify activities (ie, slow down or 
self-pace) to maintain fatigue within an acceptable range 
(43,61,62). Nonetheless, single-item fatigue questions have 
been sensitive enough to differentiate between fatigued and 
nonfatigued individuals (18,41). Another limitation is that 
we were unable to examine the impact of sleep, cognitive, 
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Figure 2.  Cumulative frequency of falls stratified by baseline fatigue 
status over a 3-year follow-up in the Osteoporotic Fractures in Men 
Study (MrOS).
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or mental health on the relationship between fatigue and 
falls. Detailed sleep, cognitive, and mental health measures 
were added later in MrOS and will be an area of future ex-
amination. The findings may not be generalizable to pop-
ulation groups other than community-dwelling older men. 
It is important to note that these data were collected in 
the early 2000s; however, the definition of falls and recur-
rent falling and the methods to ascertain information on 
falls in MrOS have remained unchanged. Nonetheless, it 
is plausible that our findings may be less generalizable to 
a contemporary population. Another minor limitation is 
the use of self-reported fall events, which could have been 
affected by recall bias whereas an interviewer could clarify 
any questions to ascertain reliable fall data (63); how-
ever, the prospective ascertainment of falls may minimize 
underreporting (64). We also did not collect information 
about the timing and circumstances of the falls.

Fatigue is an underappreciated and undertreated com-
plaint common among older adults associated with multiple 
comorbid disorders and functional decline. We found that 
fatigue was significantly associated with increased fall risk 
by 25%, after adjustment for several covariates, including 
previous fall history. Future studies should include a more 
sensitive measure of fatigue, namely perceived fatigability 
(15,62,65), as well as include women, as they have a greater 
prevalence of fatigability (65). Measuring fatigability enables 
us to describe an older adults’ susceptibility to experiencing 
fatigue in the context of a quantifiable demand at a fixed in-
tensity and duration (61,62). Fatigue appears to be an impor-
tant risk factor that may provide a novel avenue to identify 
older adults at increased fall risk for appropriate intervention.

Supplementary Material
Supplementary data are available at Innovations in Aging online.
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