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Abstract
Objective—To determine the association between fatigue and survival over ten years in a
population of community-dwelling older primary care patients.

Design—Prospective cohort study.

Setting—Medicare health maintenance organization and Veterans Affairs primary care programs.

Participants—Older primary care patients (n=492).

Measurements—Fatigue, operationalized as feeling tired most of the time, was assessed at
baseline. Mortality was ascertained from the National Death Index. Covariates included
demographics, comorbidity, cognitive function, depressive symptoms, body mass index, self-rated
health, functional status, and gait speed.

Results—Mortality rates for older adults with and without fatigue were 59% (123/210) versus 38%
(106/282) at 10 years (p<0.001). After adjustment for multiple potential confounders, participants
who were tired at baseline had a greater risk of death than those who were not (hazard ratio 1.44,
95% confidence interval 1.08-1.93).

Conclusions—A single simple question “Do you feel tired most of the time?” identifies older
adults with a higher risk of mortality. Further research is needed to identify and characterize the
underlying mechanisms of fatigue, to develop and test specific treatments, and to determine if
improvement leads to decreased morbidity and mortality.
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Introduction
Fatigue, or persistent unexplained tiredness, may be a novel and important geriatric syndrome
because it has serious consequences and might reflect underlying and potentially modifiable
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pathophysiology. Among older adults, fatigue is common and associated with functional
deficits both cross-sectionally and longitudinally,1-4 but less is known about the relationship
between fatigue and survival. Fatigue symptoms are associated with mortality in cardiovascular
disease,5-7, stroke,8 and breast cancer.9 In a general population of older adults, Avlund has
reported that tiredness when performing activities of daily living is associated with subsequent
mortality.10

The purpose of this study is to determine the association between fatigue and survival over ten
years in a population of community-dwelling older primary care patients. We operationalized
fatigue as tiredness, specifically feeling tired most of the time in the past month. Tiredness is
one of the most commonly used synonyms for fatigue in published fatigue scales,4, 11-13 and
we did not have data available directly assessing “fatigue.”

Methods
Overview

Subjects were recruited from two primary care clinics (a Medicare Health Maintenance
Organization and a Veterans Affairs clinic) in 1996 and followed for 36 months. The purpose
of the original study was to determine the feasibility and effectiveness of physical performance
measures as predictors of health and functional outcomes in the primary care setting. The
present study uses baseline data and mortality data from a national death index14 ascertained
up to January 1, 2007. The study was approved by the relevant Institutional Review Boards.
Study methods, described in detail elsewhere,15 are summarized below.

Subjects
Community-dwelling primary care patients aged 65 years or older were eligible if they were
cognitively intact (Mini Mental State Examination (MMSE)16 score ≥ 24) or mildly impaired
(MMSE 16-23) with a caregiver, were able to walk 4 meters, and had a gait speed between 0.2
and 1.3 meters per second (m/s). Participants who used assistive devices were included.

Assessment of Tiredness
As part of a symptom assessment performed at each visit, participants were asked if, during
the past month, they had been “feeling tired most of the time.” We use the baseline tiredness
assessment for these analyses.

Measures
In addition to tiredness, participants underwent assessment of demographic characteristics,
self-rated health,11 cognition,16 and self-reported physician-diagnosed chronic conditions.
17 Sleep problems and chronic pain were assessed with the question “Has a doctor ever told
you that you have (a sleep problem/chronic pain)?” We also considered alternate definitions
of sleep difficulty and pain, based on the question “In the past month, have you had [the
symptom]?” Depressive symptoms were assessed with the Geriatric Depression Scale (GDS).
18 Because fatigue is a symptom of depression, we also created a scale using four items
assessing mood (life is empty, downhearted and blue, good spirits, happy most of the time).
Body Mass Index (BMI) was calculated from height and weight from the medical record.
Functional status was measured with the 100 point physical function index (PFI) of the Medical
Outcomes Study Short Form (SF-36)11 and the number of 16 basic and instrumental activities
of daily living (ADL) from the National Health Interview Survey (NHIS) performed without
difficulty.19 Usual gait speed was assessed over a four-meter course. Inter-rater and test-retest
reliability for the measures used in this study was found to be excellent with intra-class
correlations generally over 0.9.15 Date of death was determined using the Social Security
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National Death Index,14 which confirms all deaths through a family member or death
certificate.

Statistical analysis
Mortality rates in those with and without tiredness were compared. Kaplan-Meier product-
limit survival curves were used to depict survival graphically and Cox proportional hazards
models were used to estimate hazard ratios (HR), their 95% confidence intervals (CI) and p-
values to compare the rates of death of those with and without tiredness. The proportional
hazards assumption was checked by including the interaction of time and tiredness in the
model; these interaction terms were not significant. We present 4 models: 1) unadjusted; 2)
adjusted for demographics; 3) adjusted for demographics, chronic diseases, BMI, cognition,
depressive symptoms, sleep problems, and chronic pain; and 4) adjusted for the factors in model
3, self-rated health, functional status, and physical performance. In addition, we examine the
adjusted associations of fatigue and survival in several key subgroups of older adults, based
on age, gender, race, number of comorbid conditions, functional status, and gait speed.
SAS® version 8.2 (SAS Institute, Cary, North Carolina) was used for all analyses.

Results
Of the 572 individuals screened, 492 (86%) entered the study and were followed for up to ten
years for mortality. The study population had a mean age of 74 years and 44.4% were female
(Table 1, first column). Men were overrepresented in this study because of recruitment from
a Veterans Affairs clinic. At baseline, 210 participants (43%) reported feeling tired most of the
time. Participants who reported tiredness were more likely to be female and white (Table 1).
Tiredness was associated with greater prevalence of specific conditions, more concurrent
conditions, more depressive symptoms, worse functional status, and worse physical
performance.

During the ten years of follow-up, 229 participants (47%) died. Participants who reported
tiredness were more likely to die than those without tiredness throughout the ten-year follow-
up (see Figure 1 for survival curves). Mortality rates for those with and without tiredness were
10% versus 4% at 2 years (p=0.01), 28% versus 15% at 5 years (p<0.001), and 59% versus
38% at 10 years (p<0.001). This difference in survival, which continued to increase throughout
the 10-year follow-up, persisted despite adjustment for demographics, chronic conditions,
BMI, cognition, depressive symptoms, sleep problems, chronic pain, functional status, and
physical performance (Table 2). The magnitude of the association of fatigue with mortality
(HR 1.44) was similar to that of diabetes (HR 1.42) and heart disease (1.57). This association
was consistent across key subgroups based on age, gender, race, comorbidity and gait speed
(although not always statistically significant), with the exception of subjects with no disability
and non-white race (Table 2). A formal statistical test of an interaction between functional
status and fatigue was not significant (p=0.18). Fatigue tended to be more strongly associated
with mortality in non-whites than in whites, although the interaction between race and fatigue
was not statistically significant (p=0.10). Use of alternate definitions of sleep problems and
pain, based on simple report of the symptoms, resulted in a higher prevalence of these
symptoms, but did not substantially alter the results of the multivariable models.

Discussion
Fatigue, defined as self-report of feeling tired most of the time over the prior month, is
associated with increased mortality over 10 years. While tiredness was associated with other
factors that affect survival, such as chronic conditions and other indicators of health and
function, the association of fatigue with mortality persisted despite adjustment for these
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conditions. The magnitude of this association was consistent across key subgroups, with the
exception of the subset of participants with the best functional status.

These findings, together with Schultz-Larson's examination of task-specific tiredness,10
indicate that fatigue or tiredness is a robust independent predictor of mortality. Subjective
fatigue, alone without the other proposed criteria for the frailty syndrome,20 is a risk factor for
multiple adverse outcomes among older adults. Unfortunately, we know little about the
pathophysiology of fatigue in older adults. While the current study cannot address potential
underlying mechanisms of the effect of fatigue on survival, the association despite adjustment
for a variety of markers of mental and physical health suggests that it may be the symptomatic
expression of a more general pathology. Fatigue could be the symptomatic presentation of
subclinical disease, increased inflammation, or increased work in maintaining homeostasis.
20, 21 A better understanding of the pathophysiologic origins of fatigue is a necessary first
step in the development of new preventive and therapeutic strategies.

While the overall association of fatigue with survival is fairly robust, self-report of tiredness
was not associated with mortality among older persons who reported no functional limitations,
with a point estimate close to 1. Although there was not a statistical difference in the effect of
fatigue on survival between those with and without functional limitations, the difference in the
magnitude and direction of the point estimates suggests that tiredness may be interpreted
differently by older adults with different functional abilities. For example, the functionally
independent may be more active and experience tiredness due to a lack of sufficient rest, while
those who are more dependent may experience tiredness despite rest. Similarly, our results
suggest that fatigue is a greater risk factor for mortality among non-whites compared to whites.
The subjective experience of fatigue or its physiologic associations may differ by race. Further
research is needed to disentangle the relationships among function, fatigue, race, and mortality
in older adults.

The strengths of this study include the clinically relevant patient sample drawn from primary
care clinics, the availability of data on key variables, and the long follow up. The limitations
include incomplete characterization of fatigue and the lack of physiological measures.
Tiredness, although commonly used as a synonym for fatigue, may not encompass all aspects
of fatigue (e.g. weakness, sleepiness, or cognitive fatigue). In addition, some participants who
report tiredness might not consider themselves fatigued. We did not assess fatigue severity,
and thus cannot assess a dose-response relationship between fatigue and function. We did not
have measures of physiologic abnormalities, such as anemia or thyroid function, that might
help explain our findings. We did not have data on some predictors of mortality, such as
smoking, and therefore may not have adjusted for all potential confounders.

This study demonstrates that a single simple question “Do you feel tired most of the time?”
identifies older adults with a higher risk of mortality. Further research is needed to identify and
characterize the underlying mechanisms of fatigue, to develop and test specific treatments, and
to determine if improvement leads to decreased morbidity and mortality.
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Figure 1.
Ten-year survival based on Kaplan-Meier survival curves among older adults with and without
tiredness at baseline. P<0.001 for comparison across groups.
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Table 1
Participant Characteristics by Baseline Tiredness*

Tired most of the time in past month

Characteristics

Total
(n=492)

Yes
(n=210)

No
(n=282) p-value

Age, years 74.1 ± 5.7 74.4 ± 5.6 73.8 ± 5.8 .36
Female 216 (44) 105 (50) 111 (39) .02
White 394 (80) 177 (84) 217 (77) .04
High school or greater education 324 (66) 138 (66) 186 (66) .96
Number of chronic conditions (of 8)† 2.4 ± 1.4 3.0 ± 1.3 2.0 ± 1.2 <.001
  Cardiovascular 111 (23) 55 (26) 56 (20) 0.10
  Neurological 52 (11) 29 (14) 23 (8) 0.04
  Musculoskeletal 349 (71) 166 (79) 184 (65) <0.001
  Pulmonary 118 (24) 69 (33) 49 (17) <0.001
  Diabetes 85 (17) 51 (24) 34 (12) <0.001
  Cancer 113 (23) 54 (26) 59 (21) 0.21
  Visual 263 (53) 129 (61) 134 (48) 0.002
  General 103 (21) 69 (33) 34 (12) <0.001
Cognitive function (MMSE‡) 27.5 ± 2.3 27.5 ± 2.3 27.4 ± 2.4 .64
Depressive symptoms (GDS§) 2.3 ± 2.8 3.6 ± 3.1 1.4 ± 2.0 <0.001
Depressive symptoms (mood items§) 0.3 ± 0.8 0.5 ± 0.9 0.2 ± 0.6 <0.001
Sleep problems 30 (6) 21 (10) 9 (3) 0.002
Chronic Pain 38 (8) 26 (12) 12 (4) <0.001
Body mass index, kilograms/meters2 27.5 ± 5.1 28.0 ± 5.5 27.2 ± 4.8 .10
Self-rated health fair or poor 108 (22) 72 (34) 36 (13) <0.001
NHIS ADL‖ 14 ± 2 13 ± 2.5 15 ± 1.6 <0.001
SF-36 PFI# 64 ± 30 50 ± 28 74 ± 26 <0.001
Gait speed, meters/second .88 ± .24 .82 ± .24 .92 ± .23 <0.001

*
Values represent N (%) for dichotomous variables and mean ± standard deviation for continuous variables.

†
Chronic condition categories include: cardiovascular (angina, heart failure, or heart attack), neurological (stroke or Parkinson's disease), pulmonary (lung

disease, emphysema, asthma, or bronchitis), musculoskeletal (arthritis, osteoporosis, broken bone, amputation, or joint replacement), diabetes, cancer,
visual (cataracts or glaucoma), and general (depression/anxiety/emotional problem, sleep problem, or chronic pain).

‡
MMSE: Mini-mental State Exam, range 0-30 with higher scores representing better cognition

§
GDS: Geriatric Depression Score, range 0-15 with higher scores representing more depressive symptoms; we also present a 4-item scale using only

mood-items (life is empty, downhearted and blue, good spirits, happy most of the time) with a range of 0-4

‖
NHIS ADL: National Health Interview Survey Activities of Daily Living, range 0-16 with higher scores representing better function

#
SF-36 PFI: Medical Outcomes Survey Physical Function Index, range 0-100 with higher scores representing better function
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Table 2
Effect of Baseline Tiredness on 10-Year Survival in the Full Cohort and Key Subgroups

Full Cohort Models
Hazard Ratio

(95% CI)
p-value

1 Unadjusted 1.86 (1.44-2.41) <0.001
2 Adjusted for age, gender, race, education 1.94 (1.49-2.53) <0.001
3 Model 2 plus BMI, MMSE, cardiovascular disease, neurological disease, diabetes, cancer,
musculoskeletal disease, pulmonary disease, ophthalmologic disease, depressive symptoms,
sleep problems, chronic pain

1.69 (1.27-2.25) <0.001

4 Model 3 plus self-rated health, SF-36 PFI, NIH ADL, and gait speed* 1.44 (1.08-1.93) 0.01
Fully Adjusted Models for Key Subgroups
Age: < 75 years (n=212) 1.53 (0.99-2.39) 0.06

≥ 75 years (n=280) 1.51 (1.01-2.27) 0.05
Gender: Men (n=276) 1.60 (1.10-2.34) 0.01

Women (n=216) 1.52 (0.94-2.48) 0.09
Race: White (n=394) 1.39 (1.01-1.90) 0.04

Non-white (n=98) 2.91 (1.33-6.42) 0.008
Comorbid ≤ 2 (n=275) 1.48 (0.93-2.36) 0.10
conditions: > 2 (n=217) 1.38 (0.93-2.04) 0.10
Functional No difficulty with ADLs or IADLs (n=197) 0.85 (0.47-1.54) 0.58
Status: Difficulty with ≥ 1 ADL or IADL (n=295) 1.85 (1.28-2.66) 0.001
Gait speed: < 1 meter/second (n=337) 1.39 (1.00-1.94) 0.05

≥ 1 meter/second (n=155) 1.63 (0.73-3.63) 0.24

BMI: Body mass index; MMSE: Mini-mental State Exam; NHIS ADL: National Health Interview Survey Activities of Daily Living; SF-36 PFI: Medical
Outcomes Survey Physical Function Index; ADL: Instrumental Activities of Daily Living; IADL: Instrumental Activities of Daily Living

*
The other significant predictors of mortality (and HRs per unit increase) in the fully adjusted model were age (1.05), female gender (0.69), white race

(1.79), BMI (0.95), cardiovascular disease (1.57), diabetes (1.42), lung disease (1.47), chronic pain (1.77), gait speed (0.39), and the SF-36 PFI (0.99).
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