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ABSTRACT. The aim of this paper is to give an overview
of research on fatigue in older adults, with a focus on fa-
tigue as an early indicator of the aging process. Fa-
tigue is a strong predictor of functional limitations,
disability, mortality, and other adverse outcomes in
young-old and old-old populations, between men and
women, and in different geographic localities. Several bi-
ological, physiological and social explanations are pro-
posed: fatigue may be seen not only as a self-reported in-
dicator of frailty, defined as a physiologic state of in-
creased vulnerability to stressors, which results from de-
creased physiologic reserves and even dysregulation of
multiple physiologic systems, but also this state may be
accelerated because of the cumulative impact of so-
cial, mental and biological factors throughout life.
(Aging Clin Exp Res 2010; 22: 100-115)
©2010, Editrice Kurtis

iological or psychological cause, and fatigue becomes a
syndrome, which the older person must attempt to man-
age in all daily activities (8, 9). With no known specific bi-
ological marker or other possible causes, fatigue in older
adults is a complaint which is not fully understood.

After World War I, an Industrial Fatigue Board was
formed in England, partly to search for an objective test
for fatigue. It reported in strong terms, demanding “that
the term fatigue be absolutely banished from precise sci-
entific discussion, and consequently that attempts to ob-
tain a fatigue test be abandoned”. Similar disillusion-
ment was largely due to the realisation that fatigue is a
subjective experience that cannot be measured by ob-
jective methods (10). Advancing knowledge has further
been hindered by several barriers, such as lack of clarity
about different aspects of fatigue, minimal standardization
of its measurement, its strong subjective nature, and sur-
prisingly few data on fatigue among older persons (5).

PREVALENCE OF FATIGUE
Fatigue is relatively prevalent in the general older

population. A study of middle-aged and older communi-
ty-dwelling Europeans living in 10 countries showed that
its prevalence varied from 20% in Germany to 38% in
Spain among 50-64-year olds, and from 28% in Austria
to 55% in Spain among persons 65 years or older (11).
Data from the Glostrup Aging Studies showed that the
proportion of men and women who felt fatigued in their
daily activities increased with age from age 70 to age 85
(Table 1). About half of the study population felt fatigued
when they were 70 years old, compared with more than

INTRODUCTION
Fatigue is a common complaint among older adults and

one of the most frequent reasons for encounter in general
practice (1-4): it is often a symptom of underlying psy-
chiatric or medical illness, such as cancer, heart disease,
depression, chronic lung disease, hypothyroidism, multi-
ple sclerosis, and rheumatoid arthritis (1, 5-7). Fatigue is
also prevalent in certain medical treatments, such as ra-
diation or chemotherapy. In many such cases fatigue is of-
ten one of the most important causes of disablement, fre-
quently reported by patients with significant illness as
one of their most severe symptoms (7). However, for
many older persons, it is not possible to identify a phys-
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75% of the 85-year-olds. No gender differences were seen
at age 70 but, as the population grew older, significantly
more women felt fatigued in their daily activities compared
with the men. Table 2 shows the individual changes in
self-reported fatigue in daily activities in the different fol-
low-up periods. In all three follow-up periods, a large pro-
portion of old people had sustained fatigue. Until the age
of 80, a rather large proportion reported no fatigue in the
follow-up periods, and some people also recovered from
a period with fatigue. However, very few recovered from
fatigue from age 80 to 85, while a substantial proportion
declined. More women than men had sustained fatigue in
all follow-up periods.

Several other studies have reported higher preva-
lences of fatigue in women than in men (4, 12-16). A
cross-sectional Danish population study in a random
age-stratified sample of 16-77-year-old persons showed
that, on average, there was not much difference in fatigue
between men and women, but that there was an excess of
women among persons with very high levels of fatigue
(17). It is not known whether women experience more se-
vere fatigue than men, or whether the findings merely re-
flect the greater willingness of women to report health
problems.

Contradictory results are found in the relationship be-
tween age and fatigue. Some authors found no correlation
(18, 19); one study (20) found that the prevalence of both
chronic and non-chronic fatigue decreases with age; oth-
ers found a positive correlation (1, 12, 21, 22). The results

from the Danish population study among a random sam-
ple of 16-77-year-olds (17) may explain the ambiguity in
this research. Fatigue decreased with age in the healthy
part of the population, but increased with age among
those with a chronic disease.

AIM
The aim of this paper is to give an overview of research

on fatigue in older adults, with a focus on fatigue as an
early indicator of the aging process.

DEFINITIONS OF FATIGUE
Fatigue is an ambiguous concept, which especially

relates to the reaction to physical and psychological work
loads, but it may also include many different experiences
and states of mind, e.g., the experience of exhaustion, im-
paired energy and vitality, and need for sleep. Further, fa-
tigue is the normal physiological reaction in an organism,
a part of the body, or an organ, which has reached the
limits of its capacity after heavy strain. Fatigue is a general
reaction to many biological processes after intensive
and/or long-lasting work, because metabolic demands can-
not be met. This may occur outside the central nervous
system, e.g., in muscles, after heavy and intensive stim-
ulation, as feedback from joints, muscles and tendons (23).
Muscle fatigue has been defined as a fall in the maximum
force-generating capacity of the muscle and its failure to
maintain the required force, resulting from muscle activ-
ity, but reversible by rest. Muscle fatigue is considered to
be both a “negative” consequence of physical activity
and a “positive” safety mechanism, to prevent injury or
death during exercise (23). Centrally conditioned fatigue
is more complex, and entails both chemical and hor-
monal factors in nerve cells and their synapses, e.g., as
changes in neurotransmitter levels in various brain struc-
tures (24), but also psychological factors such as en-
durance, motivation (25, 26), mood, and expectation
of task difficulty (23, 27). Fatigue which cannot be relieved
by rest or sleep is a frequent sign of disease. In its chron-
ic form, it may be considered a disease in itself, or may be
a personality trait throughout life (25, 26). Fatigue may be
acute or chronic: acute fatigue has a rapid onset and a

Age Men with fatigue Women with fatigue p

70 (n=364) 51% (n=367) 55% 0.406
75 (n=337) 59% (n=411) 68% 0.005
80 (n=184) 58% (n=248) 68% 0.045
85 (n=77) 79% (n=119) 87% 0.126

Fatigued: Measured by Mob-T Scale (See Table 3); p: differences between
men and women, by chi-square tests.

Table 1 - Proportion of 70-, 75-, 80-, and 85-year old men and
women who felt fatigued in daily activities.

State From age 70 to 75 From age 75 to 80 From age 80 to 85

Men Women p Men Women p Men Women p

(n) (265) (310) (185) (248) (75) (118)
Not fatigued - not fatigued 33% 25% 29% 20% 19% 8%
Not fatigued - fatigued 23% 21% 21% 17% 35% 33%
Fatigued - not fatigued 8% 7% 13% 12% 0% 4%
Fatigued - fatigued 35% 47% 0.034 37% 50% 0.033 47% 54% 0.056

p: differences between men and women, by chi-square tests.

Table 2 - Changes in fatigue in daily activities (measured by Mob-T Scale) among men and women from age 70 to 75, 75 to 80 and 80 to 85.
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short duration, and generally does not affect a person’s
quality of life. Chronic fatigue is usually generalized (in-
volving physical and psychological symptoms), lasts
longer, and a quick remission is not expected (7, 28).

Fatigue may be defined in many ways (29, 30). Feeling
very tired is a human experience often referred to as fa-
tigue, decreased vitality, loss of energy, anergia, exhaus-
tion, tiredness, weakness and lassitude. Many authors
use these words interchangeably, but some emphasize a
difference in their meaning. For example, fatigue has a
voluntary aspect, whereas weakness may not; tiredness
has been defined as a universal sensation expected to oc-
cur normally at certain times of the day and with various
kinds of activities. It is thought to be temporary and often
considered a sensation that is relieved by rest and sleep
(31). It has also been suggested that fatigue is part of a
continuum, including tiredness, fatigue and exhaustion,
representing increasing levels of illness or functional de-
cline (29). In accordance with most authors I use here the
term fatigue in spite of the distinctions made by others.
This is in agreement with Ream and Richardson (32), who
defined fatigue as: “A subjective unpleasant symptom
which incorporates total body feeling ranging from tired-
ness to exhaustion, creating an unrelenting overall con-
dition which interferes with individuals’ ability to function
to their normal capacity”.

An additional problem arises when the concept fatigue
is translated from English to other languages or vice ver-
sa. Lerdahl et al. (14) had several problems during trans-
lation of the US-English version of a fatigue measure
into Norwegian. The conclusion was that the Norwe-
gian word similar to tired implies a weaker state than does
the English word, and that the Norwegian word closest to
exhaustion seems to be stronger than fatigue. In the end,
the Norwegian words which were back-translated as
tired and weary were selected as the closest equivalent to
fatigue. Similarly, Avlund et al. (e.g. 33, 34) have con-
sequently translated the Danish term for “tiredness” to
“tiredness” in English, until very recently, although the
concept in Danish may be closer to fatigue used in En-
glish, depending on definition. As a consequence, this ter-
minology has been changed in the most recent publica-
tions from this group.

The feeling of fatigue
With the aim of studying the broad question of what fa-

tigue is in a healthy population, Aaronson et al. (5) made
a qualitative study with in-depth interviews among the em-
ployees, aged 30-60 years, of a large Midwestern United
States medical center working in all job categories. They
found that fatigue was manifested or experienced in four
themes: 1) in objective physical manifestations, which can
be observed by others and include slumped posture,
bloodshot eyes, drawn face, and wrinkled forehead or
brow; 2) in subjective physical manifestations, which are

not necessarily visible to others and which include weak-
ness, decreased energy, lack of endurance, sleepiness,
physical exhaustion, dizziness, headaches, and heavi-
ness head to toe; 3) in emotional/mental manifesta-
tions, which include weariness, lack of enthusiasm, in-
tolerance, moodiness, forgetfulness, lacking desire or will
to do anything, feeling overextended, unorganized,
frustrated, confused, or grouchy; 4) in behavioral man-
ifestations, which include being short-tempered, not
getting things done, making mistakes, being unproduc-
tive, and generally not functioning in one’s usual man-
ner. The participants made a clear distinction between
acute and chronic fatigue, which paralleled the distinc-
tion between fatigue in healthy and ill persons and in
which control was the dominant theme. Fatigue in
healthy persons was also characterized with a sense
of control over acute fatigue, while lack of control over
chronic fatigue characterized fatigue in ill persons. The
authors argued that a sense of lack of control may
switch the perception of fatigue from acute to chronic
and change one’s self-image from healthy to ill, result-
ing in visits to healthcare providers in which fatigue is a
prevalent complaint (5).

MEASURES OF FATIGUE
As fatigue is subjective by nature, the individual’s per-

ception of fatigue has become the focus of fatigue mea-
surement (30). These self-report measures have different
structures, such as simple global questions on fatigue
(35), more complex unidimensional measures on fatigue
in relation to daily activities (36) and more complex mul-
tidimensional measures of fatigue, including multiple di-
mensions (e.g., severity, impact) and/or manifestations
(physical, cognitive emotional, behavioral) (37). Several val-
idated tools have been developed to measure fatigue,
but most of them were developed for screening and as-
sessing clinical outcomes in different patient groups,
e.g., patients with cancer, chronic fatigue syndrome,
multiple sclerosis, stroke, or brain injury (see 38, 39). In
the present overview, a few important measures of fatigue
in the older population are described.

Avlund Mob-T Scale and Lower-Limb-T Scale
The Avlund Fatigue Scales were originally developed in

order to measure more variations in functional ability
among relatively well-functioning older people (40). As the
results of a pilot study were that a majority of participants
felt fatigued in their daily activities, fatigue was included as
a category in the measurement of mobility and ADL
(41). The scales are based on questions about six mobil-
ity items and five items on physical activities of daily living
(PADL) (Table 3). Every activity is described relative to
whether the respondents did or did not feel fatigued af-
terwards. The Mob-T Scale (Mobility-Tiredness) (6 items)
and the Lower Limb-T Scale (Lower Limb-Tiredness) (5
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items) count the number of activities managed without fa-
tigue. The highest scale value thus describes no fatigue.

An analysis of the content validity of the scales in the
70- and 75-year survey of the Glostrup population (36,
40) and the baseline NORA-study (42) showed that all the
questions about mobility and PADL in relation to fatigue
were relevant and well-known to nearly all participants.
The construct validity of the scales was tested by the
Rasch model for item analysis, which showed that the
items in both scales had satisfactory homogeneity (36, 43,
44). The data have recently been re-analyzed with a
new test based on the Rasch model, on the assumption of
equal item discrimination – with satisfactory results (45).
Reliability tests showed agreement from 94.3% to 98.3%
and kappa values from 0.72 to 0.88 for the included
items on intra-rater and inter-rater tests (46). A study of
the discriminatory power of the scales among older adults
in three service settings (47) showed that the whole
range of the Mob-T Scale could be used in three very dif-
ferent populations: residents in elderly-friendly flats, users
of home care, and non-users of home care. This means
that the Mob-T Scale can reveal variations among people
with both good and poor function. In addition, fatigue as
measured by the scales is strongly associated with iso-
metric muscle strength and simple function tests (48). The
answers to the questions in the Mob-T and Lower-Limb T
Scales are based on participants’ own experiences, thus

focus on fatigue in performing certain activities, and are
therefore likely to reflect the physiologic and biologic
consequences of doing these activities.

Multidimensional Fatigue Inventory (MFI-20)
The Multidimensional Fatigue Inventory (MFI-20) is a 20-

item self-report instrument, which covers the comprehen-
sive nature of fatigue, dividing fatigue into the following di-
mensions: general fatigue, physical fatigue, mental fatigue,
reduced motivation, and reduced activity (37) (Table 4). It
has been validated in both healthy and ill populations.
The authors found the instrument to have good internal
consistency, construct validity and convergent validity (37,
49) in both Dutch and English. The MFI has been tested on
radiotherapy patients, patients with chronic fatigue syn-
drome, psychology students, medical students, soldiers,
and junior physicians (37). A confirmatory factor analysis
confirmed that the questions actually described five dif-
ferent dimensions. Also, a study of patients with chronic liv-
er disease showed that the measure had high reliability, con-
struct validity and discriminative validity (50).

SF-36 Vitality Scale
The Short-Form-36 Health Survey (SF-36) was de-

signed as a generic indicator of health status, for use in
population surveys and evaluative studies of health policy.
It can also be used in conjunction with disease-specific
measures as an outcome measure in clinical practice
and research. The SF-36 is formed of eight separate
scales, including the SF-36 Vitality Scale, based on four
items on energy and fatigue (Table 5). The SF-36 Vitali-
ty Scale has been tested in several methodological studies
and comprehensive studies have been undertaken on its
validity and reliability (35, 51, 52) in both general popu-
lation samples and various patient groups. The scale also
showed satisfactory differential item functioning (53). Of
the eight SF-36 scales, the Vitality-Scale has the best dis-
criminatory power (35).

FATIGUE AS A PREDICTOR OF
ACCELERATED AGING
There has been increasing interest in finding early

signs of the aging process, because it may be used in pre-
ventive interventions with the aim of slowing the speed of
aging. These early signs may manifest themselves as bi-
ological and physiological markers, but it is also possible

General fatigue, referring to subject’s general functioning, with statements such as ‘I feel tired’
Physical fatigue, bodily sensations directly referring to tiredness, e.g., ‘Physically I only feel able to do a little’
Reduced activity, a potential consequence of subjective fatigue, e.g., ‘I think I do very little in a day’
Reduced motivation, reflecting lack of will to start any activity, e.g., ‘I dread having to do things’
Mental fatigue, referring to cognitive symptoms such as having difficulty in concentration, e.g., ‘It takes a lot of effort to concentrate on things’

Table 4 - Dimensions in Multidimensional Fatigue Inventory (MFI-20) (49, 50).

Fatigue

Mob-T Scale (Mobility-Tiredness)

Transferring
Getting outdoors
Walking indoors
Walking outdoors in nice weather
Walking outdoors in poor weather
Walking on stairs to the second floor

Lower Limb-T Scale (Lower Limb-Tiredness)

Using toilet
Washing lower body
Dressing lower body
Putting on/taking off shoes/ stockings
Cutting toenails

Table 3 - Avlund Mob-T Scale and Lower Limb-T Scale (36, 43).
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Another example is a study based on 70-year-old non-
disabled persons with 15-year follow-ups (Table 7). Fatigue
was significantly related to onset of disability at
5-, 10-, and 15-year follow-up (only marginally significant
at the 15-year follow-up) and to mortality at 5-, 10- and 15-
year follow-ups (54). Maximal aerobic power was also re-
lated to the same outcomes, but did not seriously attenuate
the association between fatigue and outcomes. Figure 1
shows differences in mortality during the 21-year follow-up
among fatigued and non-fatigued individuals at age 70.

Other results from these studies were:
1) fatigue in daily activities at age 75 is independently re-

lated to onset of disability in mobility and daily activities
at five-year follow-up (33), onset of functional limita-
tions during the next 5 years (55), risk of hospitalization
and of being users of home help five years later (56),
and not using regular dental services (57);

that the experience of fatigue among older adults is such
an early aging sign.

The first studies on this issue came from the Copen-
hagen Gerontology Research Group at the Department of
Social Medicine, University of Copenhagen. Their studies
showed that fatigue in daily activities measured by the
Avlund Fatigue Scales is an early indicator of aging, as it
is associated with several poor health outcomes. For ex-
ample, this can be seen in the results from a population-
based study from Glostrup, Denmark and Jyväskylä, Fin-
land, which showed that fatigue at age 75 was significantly
associated with subsequent disability at 5-year follow-up
(34). The association was not mediated by walking limi-
tations. The results (Table 6) also showed not only that the
odds ratios for fatigue on onset of disability decreased
when adjusted for comorbidity, cognitive performance and
depressive mood, but also that the estimates stayed sig-
nificant, even in the final adjusted model.

All the time Most of A good bit Some of A little of None of
the time of the time the time the time the time

Feeling full of pep 1 2 3 4 5 6

Having a lot of energy 1 2 3 4 5 6

Feeling worn out 1 2 3 4 5 6

Feeling tired 1 2 3 4 5 6

Table 5 - Items in Short Form-36 Vitality Scale (51-53).

Crude Model 1 Model 2 Model 3 Model 4 Model 5 Final model
OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI) OR(95%CI)

Fatigue vs no fatigue 3.61 3.43 2.92 3.31 2.98 2.53 2.25
(1.76-7.42) (1.67-7.09) (1.41-6.09) (1.57-6.94) (1.42-6.25) (1.19-5.36) (1.05-4.85)

Income 1.96 1.74
Poor vs higher (0.93-4.11) (0.81-3.71) - -

1-4 diseases vs none 4.74 3.66 3.09 2.90
(1.42-15.79) (1.08-12.47) (0.90-10.68) (0.84-10.07)

Cognition
Poor vs high 10.35 9.11 - -

(2.34-45.81) (2.04-40.73) - -
Medium vs high 5.73 6.03 - -

(1.29-25.51) (1.34-27.07)

Depressive mood 3.61 2.98 2.64 2.66
vs not (1.76-7.41) (1.42-6.25) (1.25-5.57) (1.26-6.60)

Walking speed
Slow vs quick 3.30 2.06

(1.08-10.07) (0.64-6.60)
Medium vs quick 2.75 2.10

(0.87-8.68) (0.64-6.87)

Significant associations marked in bold type; Model 1. Adjusted by income; Model 2. Adjusted by number of diseases; Model 3. Adjusted by cognitive performance;
Model 4. Adjusted by depressive mood; Model 5. Adjusted by the covariates which attenuated association between fatigue and onset of disability more than 20%.
Final model. Further adjusted by walking speed.

Table 6 - Fatigue in daily activities at age 75, as predictor of onset of disability at 5-year follow-up. Results of logistic regression analysis
(n=419) (34).
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2) sustained fatigue from age 75 to age 80 is significantly
related to functional decline and mortality from age 80
to 85 (58);

3) fatigue in daily activities in two age groups (75 and 80)
is a strong independent determinant of onset of mo-
bility disability at 1½-year follow-up (59);

4) fatigue in mobility is related to physical functioning and
use of services at one-year follow-up in an older pop-
ulation (age 70-85), but not in a young one (60);

5) fatigue measured by the SF-36-Vitality Scale is related
to physical functioning and use of services at one-
year follow-up in both a young and an older population
(60).
More recently, other research groups have studied

the effects of fatigue in older populations. Two cross-sec-
tional studies show that older persons who report fa-
tigue have significantly less good physical performance
(61, 62), slower walking speed, and more mobility- and
IADL-disability (62). A few longitudinal studies show that
participants with fatigue have more restricted activity at
1½ year follow-up (63), poorer physical function, ADL

and slower gait speed at 3-year follow-up (64), increased
healthcare utilization and mortality (15), and higher risk of
mortality during 10-year follow-up (65).

Fatigue as a predictor of other outcomes
The results from the Copenhagen Gerontology Re-

search Group also showed that fatigue has an effect on ac-
tivities and social relations. Results from cross-sectional da-
ta from the 70-year study in Glostrup showed that men
and women with a low score on the Mob-T Scale were
more likely to be less active with regard to physical, in-
tellectual, cultural and social activities, compared with
persons with high scores on the scale (66). A study on 75-
and 80-year old persons in four counties in Denmark
showed that older adults who developed fatigue or who
continuously felt fatigued when performing their daily
activities during 4½ years were more likely to show a con-
current decline in their physical activities during the same
period (67). It was also shown that women who felt fa-
tigued in their daily activities at age 75 had fewer social
network activities compared with non-fatigued women,

Onset of disability Mortality

5-year follow-up (n=564) (n=705)

Crude OR (95% CI) Adjusted OR (95% CI)2 Crude OR (95% CI) Adjusted OR (95% CI)2

Fatigue 10.16 (5.39-19.12) 9.09 (4.71-17.54) 2.29 (1.51-3.49) 1.83 (1.17-2.85)
Maximal power1

not performed 12.30 (4.23-35.65) 6.42 (2.01-20.48) 3.37 (1.50-7.56) 3.32 (1.40-7.84)
Lowest 5.35 (2.01-14.28) 2.66 (0.89-8.02) 2.29 (1.14-4.60) 3.23 (1.46-7.14)
Medium 2.75 (0.99-7.61) 1.85 (0.64-5.35) 2.02 (1.00-4.07) 1.20 (0.97-4.13)
Highest 1.0 1.0 1.0 1.0

10-year follow-up (n=360) (n=705)

Crude OR (95% CI) Adjusted OR (95% CI)2 Crude OR (95% CI) Adjusted OR (95% CI)2

Fatigue 2.28 (1.47-3.54) 1.87 (1.17-2.99) 2.34 (1.71-3.21) 2.16 (1.52-3.05)
Maximal power1

not performed 4.85 (1.78-13.20) 4.28 (1.51-12.11) 2.73 (1.49-5.01) 2.37 (1.21-4.64)
Lowest 5.29 (2.45-11.40) 4.54 (1.84-11.16) 1.17 (0.72-1.89) 1.37 (0.76-2.47)
Medium 2.49 (1.13-5.50) 2.33 (1.03-5.30) 1.54 (0.96-2.49) 1.48 (0.89-2.46)
Highest 1.0 1.0 1.0 1.0

15-year follow-up (n=181) (n=705)

Crude OR (95% CI) Adjusted OR (95% CI)2 Crude OR (95% CI) Adjusted OR (95% CI)2

Fatigue 2.15 (1.16-3.99) 1.84 (0.93-3.64) 2.61 (1.91-3.58) 2.31 (1.64-3.24)
Maximal power1

not performed 3.06 (0.84-11.18) 2.87 (0.75-10.97) 2.89 (1.52-5.52) 2.98 (1.44-6.15)
Lowest 5.44 (2.16-13.74) 4.43 (1.45-13.56) 1.60 (1.02-2.53) 2.41 (1.34-4.35)
Medium 2.22 (0.89-5.52) 2.06 (0.79-6.44) 1.48 (0.94-2.35) 1.63 (0.99-2.69)
Highest 1.0 1.0 1.0 1.0

1Adjusted by weight; 2Adjusted by sex, comorbidity and maximal power.

Table 7 - Odds ratios of fatigue at age 70 on onset of disability and mortality at 5-, 10- and 15-year follow-ups (54).
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i.e., they had little sustained contact with children and lit-
tle sustained diversity in social relations over the next 5
years (68).

To summarize, the Copenhagen Group has demon-
strated the significance of fatigue in young-old and the old-
old, among men and women, and among older adults in
different populations, i.e., in Glostrup, in three other
counties of Zealand (Denmark), Southern Jutland (Den-
mark), Aarhus and Jyväskylä (Finland).

Studies have also examined whether fatigue is predic-
tive of adverse health outcomes in younger samples and
in patient populations. Nilsson et al. (69) showed that fa-
tigue in 40-year old women was a significant predictor of
early menopause, which may be viewed as an indicator of
premature aging. Schultz et al. (70) showed that low vi-
tality among workers was predictive of not returning to
work 4-6 weeks after low back injury. A study in a Dutch
working population showed that high levels of fatigue dur-
ing two successive periods of four months were related to
onset of infections (common cold, flu-like illness, gas-
troenteritis) (71) and that fatigue severity was a strong pre-
dictor of development of chronic fatigue syndrome four
years later (72). With a measure of fatigue which re-
flects feelings of exhaustion, several studies showed that
fatigue in the general adult population is positively relat-
ed to incident non-fatal heart disease (73, 74), fatal my-
ocardial infarction (74) and stroke (75). A study in a
Dutch general practice among adult patients over a period
of 15 years showed that people who had presented fa-
tigue as a reason for encounter and had been diagnosed
with fatigue, after an average of 19 months, did consid-
erably worse than controls, defined as general practice pa-
tients who did not present fatigue as a reason for en-

counter (76). The first group had fatigue which had last-
ed longer and resulted in more functional limitations,
their overall health was worse, and they had higher de-
pression and anxiety scores. Groenvold et al. (77) found
that low levels of fatigue independently predicted longer
recurrence-free and overall survival in newly diagnosed
breast cancer patients, controlling for biological factors.

More research is needed to elucidate several research
questions on fatigue as an early aging indicator, such as:
How is fatigue related to biological and physiological in-
dicators of aging? Are changes in fatigue associated with
biological and physiological aging changes, or do they take
place independently of each other? Is fatigue related to on-
set of disease? Is fatigue predictive of adverse outcomes al-
so in individuals in midlife, in both men and women,
and with the same strength?

POSSIBLE EXPLANATIONS
There are several explanations for the finding that

fatigue in older adults is related to functional decline and
other adverse health outcomes.

The disease explanation
The first explanation is that fatigue may be a conse-

quence of disease. People get fatigued because they are
ill and become disabled, use health services or die because
of the disease. Several cross-sectional studies in the gen-
eral population of older people have shown that comor-
bidity is related to fatigue (78-80), but that specific diseases
are also associated with it. This is seen specifically for mus-
culoskeletal diseases (78, 79, 81), but also for neurolog-
ical and cardiovascular diseases (78), bronchitis, glucose
intolerance and arteriostenosis (81) and abdominal syn-
dromes (upper dyspepsia and irritable bowel syndrome)
(82). A few longitudinal studies also found that comorbidity
(80) and some specific diseases were predictive of onset
of fatigue, e.g., respiratory symptoms and urinary in-
continence (15) and infections (common cold, flu-like ill-
ness, gastroenteritis) (71).

Nevertheless, when the association between fatigue and
adverse outcomes was adjusted for diseases (comorbidity,
specific diseases) the estimates were attenuated, but the
strong association between fatigue and outcomes persisted
(33, 34, 54, 58, 64). In spite, the associations between fa-
tigue and functional decline may still be due to other
diseases, which were not adjusted for in any of the anal-
yses and which may be related to fatigue, e.g., diag-
nosed depression or Alzheimer’s disease, by special com-
binations of diseases or the combination of having one dis-
ease and other impairments.

The physiological explanation
Another explanation is that fatigue is a consequence of

age-related physiological and biological changes which are
not disease-based, and that fatigue may thus be an indi-
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Fig. 1 - Survival curves among 70-year-olds with and without fatigue
during 21-year follow-up.
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cator of frailty. This explanation is based on the definition
of fatigue as a biologic syndrome of decreased reserve ca-
pacities and decreased resistance to stressors, resulting
from cumulative declines across multiple physiologic sys-
tems - declines that have not yet caused open disability. I
propose that the organs/systems which play the largest
role in these findings are three main organs/systems of
great importance in the disablement process: muscle
function, cardiovascular/pulmonary function, and cogni-
tive function. There are strong age-related declines in
these three organs/systems.

Changes in muscle function with old age include de-
creased number of motor units and loss of muscle
strength, muscle mass, alpha motor neurons and muscle
cells. There are also changes in muscle composition with
increasing infiltration of fat and connective tissue (83).
Muscle fatigue is a specific component of muscular per-
formance, which is typically measured as a loss of force
during repeated or continuous activation, also called
muscular endurance. Alterations in muscle with advanced
age which may contribute to a decrease in muscle en-
durance include reduced blood supply and capillary den-
sity, impairment of glucose transport, lower mitochondrial
density, decreased activity of oxidative enzymes, and de-
creased rate of phosphocreatine repletion.

Age-related changes in muscle strength in older adults
(84) are influenced by a similar decrease in muscle mass
caused by loss of motor neurons, lower levels of steroid
hormones, a reduced dietary protein, and decreased
physical activity (85-87). Loss of muscle mass will theo-
retically affect oxygen demand and perfusion (oxygen
delivery) during muscle contractions at the same rela-
tive force levels. In addition to muscle mass, maximal vol-
untary muscle strength is determined by neural drive
from the motor cortex to muscles (88). Maximal voluntary
muscle strength is thus an indicator of the functioning of
both neural and muscular systems (84).

The overall rate of decline in muscle strength is about
8% per decade (83). Thus, during the course of daily liv-
ing, older people may be relatively close to their maximal
capacity. It is well-established that older adults are not able
to perform daily activities when they fall below certain
threshold levels of muscle strength (89, 90). Although old
humans may not demonstrate increased fatigability com-
pared with young subjects during performance of nor-
malized tasks, they are required to use a greater per-
centage of their reduced maximal strength for activities of
daily living (i.e., absolute tasks), so that their rate of re-
covery (amount and duration) may be impaired after
such tasks (91). The successful repeatability of tasks that
require a reasonable level of force or power output is fun-
damental for the aged population to maintain their in-
dependence. Bautmans et al. (92) found that muscle fa-
tigue in healthy older adults was related to subjective fa-
tigue. For example, increased muscle fatigue may limit the

time that a person can stand or the number of stairs that
a person can descend or ascend, leading to reduced per-
formance in ADL and increased subjective fatigue.

Several studies have demonstrated age-related changes
in cardiovascular (93) and pulmonary function (94). The
biological age-related changes in the cardiovascular system
are first of all manifested as a decrease in the heart
minute volume (95). Age-related changes in the pul-
monary system are caused by changes in the anatomical
structures of that system (e.g., decreased elasticity of the
lungs, reduction in lung volume, a decrease in rib elas-
ticity), which cause deterioration in vital capacity and
forced expiratory volume (96). These changes in lung
function combined with reduced maximal heart volume re-
sult in decreased aerobic capacity (95).

Aerobic capacity is the rate of oxygen consumption
during activity, and is determined predominantly by skele-
tal muscle function. With aging, the oxygen cost of ac-
tivities becomes a greater percentage of an individual’s
maximum aerobic capacity (VO2max). For example, a
sedentary 75-year-old healthy woman has a VO2max of
approximately 1.2 L/min, but the oxygen cost of climb-
ing a flight of stairs is approximately 1.5 L/min. Both
younger and older subjects self-pace activity to about
50% of their VO2max. Therefore, reduced aerobic ca-
pacity should lead to reduced spontaneous activity with
age or to more fatigue in performing daily activities (97).

Several studies have shown that general cardiac func-
tioning (98) and reduced aerobic work capacity (54, 99,
100) are related to fatigue. It has been shown that older
adults are not able to perform daily activities when they fall
below certain threshold levels of aerobic capacity (89).
With a measure of fatigue which reflects feelings of ex-
haustion, Appels et al. (101, 102) found that fatigue
was positively related to angina pectoris and unstable
angina pectoris at screening, as well as to future angina
pectoris and non-fatal myocardial infarction. It is possible
that general fatigue in daily activities is a better indicator
of aging of the cardiovascular system (100), whereas fa-
tigue as measured by Appels et al. (101, 102) may be a
more precise early sign of cardiovascular disease.

The cognitive decline explanation
It is also well-documented that there is an aging-relat-

ed loss in cognitive reserve capacities (103-106). The nor-
mal aging process includes changes in cognitive functions
(intelligence, memory, learning, thinking), but many of
these take place throughout life and are not necessarily
linked to old age. This is the case of the so-called ”fluid in-
telligence”, which refers to speed, mental span, and re-
serve capacities in adaptation of information and re-
sponses to new and complex stimuli. These tasks are
linked to neurobiologic factors and normally show a
gradual decline during the last part of adulthood. Con-
versely, cognitive functions based on experience (“crys-
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tallized intelligence”) may improve throughout life in fa-
vorable circumstances. These functions include knowledge,
strategical insight, expertise, and everyday problem-solv-
ing (107, 108), and are considered to be more influ-
enced by life history and social factors than by age (109).
The declines with age are smaller for these tasks than for
tasks related to neurobiologic factors (103, 104).

A previous study on the association between fatigue
and cognitive function showed that participants with
poor self-reported memory and decreased cognitive per-
formance reported more fatigue when performing basic
ADL (110) and more complex activities (IADL) (111).
Many daily activities are characterized by relative com-
plexity. Early signs of cognitive decline may complicate the
ability to perform activities which used to be easy to
perform. This is likely to lead to fatigue.

Considering the three systems taken together, whether
the association between fatigue and adverse health out-
comes is mediated by muscle strength has not been stud-
ied (62), and only one study adjusted for aerobic capaci-
ty (54), but this did not really attenuate the estimates. It is
thus unknown whether the association between fatigue
and disability is mediated by muscle strength, muscle
power or muscle fatigue, or by other measures of pul-
monary and cardiovascular function. Several studies on fa-
tigue and onset of disability are adjusted by a combined
measure of cognitive function (33, 34, 64), but this did not
attenuate the results. It is not known whether the estimates
are influenced by specific measures of cognitive perfor-
mance or by changes in cognitive function (both combined
and individual measures) and whether these patterns
vary according to age and gender. In addition, interactions
between muscle function, cardiovascular function and
cognition in relation to fatigue and adverse health out-
comes are largely unknown.

The biological explanation
A biological explanation may also be given for the close

associations between fatigue and acceleration of the ag-
ing process. There are three possible biological factors: mi-
tochondria, telomeres, and low-grade inflammation, as
they all are related to aging and all may be related to fa-
tigue.

Mitochondria are the major source of energy produc-
tion in the body and play a unique role in cellular home-
ostasis. Mitochondrial dysfunction can lead to reduced en-
ergy production, which may result in fatigue. In addition,
decreased oxidative metabolism in mitochondria leads
to increased anaerobic metabolism and production of
lactic acid. Acidosis in skeletal muscle can be perceived as
muscular fatigue. The mitochondrial theory of aging pro-
poses that oxidants or free radicals produced in mito-
chondria lead to mitochondrial DNA damage, leading
to mutations, defective encoded proteins, and impaired mi-
tochondrial function (8). Damaged mitochondria are re-

moved from otherwise healthy cells through autophagy;
however, the efficiency of this process decreases with age.

The relationship between fatigue and DNA repair ca-
pacity, oxidative stress and mitochondrial dysfunction is
not known.

Telomere loss is another biomarker of interest, because
critically short telomeres trigger loss of cell viability in tis-
sues, and this has been related to alterations in tissue func-
tion and loss of regenerative capabilities in aging. Hence,
telomere length seems to be an important biomarker
for aging.

Telomeres have been proposed as a universal bio-
logical clock which shortens in parallel with aging in
cells (112). Telomeres are located at the end of the chro-
mosomes, and consist of an evolutionarily conserved
repetitive nucleotide sequence. Telomere length is high-
ly variable among species, within species, within an or-
ganism, and even between chromosomes (112). Cumu-
lative attrition takes place during aging, but with large
variations. Telomere shortening is thus regarded as a
biomarker of cellular senescence (112, 113). A very recent
population-based study showed that telomere length is not
related to survival or death from any underlying cause, but
that it is positively related to having more years of healthy
life. It is thus suggested that telomere length may be a
biomarker of healthy aging (114).

Telomere length has been associated with several dis-
eases, e.g., coronary heart disease, dementia and in-
sulin resistance (115) which predispose to frailty. Woo et
al. (115) also searched, in vain, for a possible correlation
between frailty and telomere length. However, their
study was based on a frailty index composed of a long list
of different concepts, e.g., number of a variety of diseases,
cognition, depression, muscle impairment, functional
limitations, and disability. It did not analyse for the influ-
ence of these more specific aspects of the disablement
process on telomere length. It is possible that the results
were blurred by combining all kinds of information into
one index. It is thus not yet known how specific measures
of the disablement process and other aging signs such as
fatigue are related to telomere length.

Low-grade inflammatory processes are increasingly re-
garded as a biological measure of frailty (116) and, as
such, represent one point of entry to the multisystem dys-
regulation which characterizes aging. An evolving defi-
nition of inflammation in gerontology is low-grade acti-
vation of the innate immune system, leading to chronic
production of inflammatory mediators. Inflammatory
processes in general have been implicated as predic-
tors of or contributors to chronic diseases and conditions
of aging (117), such as cardiovascular disease (118),
low cognitive performance (119), osteoarthritis and de-
mentia (120), frailty (121, 122), muscle wasting (123),
physical performance (123, 124), disability (125, 126)
and mortality (127-129). These associations have been
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proposed to be caused by altered cytokine profiles, due
to aging of the innate immune system and/or non-im-
mune cell types, and/or age-related changes in body
composition (117).

A few studies have shown that specific inflammatory
markers are related to fatigue. Janszky et al. (130) found
that high-sensitivity C-reactive protein (hsCRP) and In-
terleukin-6 (IL-6) are associated with fatigue in older
women after recent myocardial infarction. Schubert et al.
(131) found that IL-6, Interleukin-1 receptor antagonist (IL-
1ra) and neopterin are related to fatigue in cancer patients,
and two studies showed that hsCRP is related to fatigue in
population-based samples of 33-45-year-olds (132) and in
persons over age 65 (62). However, Vestergaard et al.
(62) also found that IL-6 and TNF-alpha are not related to
fatigue in this older population. It is not known whether
other inflammatory markers are related to fatigue in per-
sons in midlife and old age, which inflammatory markers
have the strongest associations, and whether inflammation
mediates the association between fatigue and adverse
health outcomes.

Future research will examine whether biological indi-
cators such as telomere length, mitochondrial function and
low-grade inflammation mediate the association between
fatigue and adverse health outcomes.

Psychosocial mechanisms
Psychosocial factors may also play a role in the rela-

tionship between fatigue and accelerated aging, and include
depression, socio-economic position and social relations.

Depression
Fatigue is one of the symptoms of depression, and the

feeling of fatigue is thus included in several measures of
depressive symptoms (133, 134). It is well-known that de-
pression is related to changes in the central nervous sys-
tem, but also that these associations are bidirectional. De-
pression may lead to changes in both central (cognition,
behavior and affect) as well as peripheral functions (phys-
iological, and immunologic responses), and vice versa, i.e.,
changes in cognition may cause depression. A hypo-
thetical model of fatigue in aging proposes that psy-
chosocial factors (e.g., stress and depression) plus indi-
vidual differences (e.g., personality and neuroticism) can
lead to fatigue directly or indirectly through inflammation.
Both fatigue and inflammation interact with, and poten-
tially modify, disease (8). It is thus very plausible that
depressive symptoms explain some of the associations be-
tween fatigue and outcomes.

Several cross-sectional studies have shown associa-
tions between depression or depressive symptoms and fa-
tigue (17, 135) and development of fatigue (15, 136,
137). However, when adjusting the associations between
fatigue and diverse outcomes by depressive symptoms, the
results did not seriously change (33, 58, 62, 64). However,

the possibility that associations are mediated by an actual
measure of depression and that patterns of associations
may vary by age and gender cannot be ruled out. In ad-
dition, the interactions between fatigue, depression and in-
flammation on adverse health outcomes are unknown.

Importance of life-course factors
Fatigue may also reflect the cumulative impact across

multiple life domains, such as a cumulative negative impact
of low social position and/or stressful social relations or
lack of social relations throughout the life-span (138).

Population-based studies have shown that biological
and social factors early in life are related to physical per-
formance in midlife. For example, a direct relationship has
been found between birth weight and hand grip strength
in middle age (139, 140), between post-natal growth
and childhood development of motor and cognitive abil-
ities and midlife performance (141, 142), and between ed-
ucational level of mothers and physical performance in
midlife (143). However, studies on the influence of early
life factors on fatigue in midlife or old age are very
scarce. Harvey et al. (144) identified two early life factors
- extreme childhood energy and BMI in the overweight
range - which appeared to act as risk factors for fatigue at
age 43 without comorbid psychiatric disorder.

As regards the influence of socio-economic position on
fatigue, one study showed that education (135) is related
to fatigue in old age, whereas Avlund et al. (145) showed
that, among several indicators of socio-economic position,
measures of material wealth were the strongest indicators
of social position in relation to fatigue in old age. Mate-
rial wealth may reflect the situation at a certain point in
time, but it may also reflect the cumulative influence of
education, occupation and material wealth throughout the
life-course. People with poor material wealth in old age
are likely to have been economically disadvantaged for
most of their lives. Material wealth inequalities in fa-
tigue in old age can thus be seen as the biological cor-
relate of this process of differential accumulation of risk
factors along the life-course. Osler et al. (146) showed
that men with low childhood or adult social class had a
higher risk of fatigue in midlife than men from the high-
est social classes.

Regarding social relations, it has been shown that
lack of partnership is related to general fatigue (21) and
that social disengagement was significantly associated
with persistent fatigue and developing fatigue over a pe-
riod of 18 months (15). In a qualitative study, Aaronson
et al. (5) showed that most participants believed social sup-
port alleviates or prevents fatigue by providing instru-
mental aid and/or a listening ear. Others reported that
their social supports often contributed to their fatigue.
These findings are consistent with those of Dzurec (147),
who reported that interpersonal relationships play a vital
role in women’s experience of fatigue and may in fact ex-
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acerbate it. No studies have analysed the influence of pos-
itive or strainful social relations during the life course on
fatigue in midlife and old age.

Fatigue may also be seen as a kind of chronic reaction
to the accumulated chronic strain of dealing with the ef-
fects of cumulated social stress throughout life, in addition
to the physiological and biological decline which charac-
terizes aging. However, it does not attenuate the associ-
ations between fatigue and functional decline to adjust by
socio-economic factors (33, 34, 58, 59) and social rela-
tions (33, 58, 59).

Two studies on the influence of factors in midlife on fa-
tigue in old age showed strong and consistent associations
between sustained smoking from age 50 to 70 and fatigue
at age 75 (148), no relations between cumulated physical
inactivity from age 50 to 70 and fatigue at age 75 (149),
but strong associations between physical inactivity at age
70 and fatigue at age 75 (149).

No studies have analysed the influence of the devel-
opment of biological, cognitive and social factors early in
life on fatigue in old age. How early life circumstances in-
fluence fatigue in midlife and old age, how biological, cog-
nitive and social factors early in life interact in relation to
fatigue in midlife and old age, whether the influence of dif-
ferent early life factors vary in men and women, how neg-
ative influences during the life-course accumulate in re-
lation to fatigue in midlife and old age, whether there are
certain vulnerable periods when the effects of strain ear-
ly in life have more effects on fatigue later in life, are still
unknown factors.

Additional explanations
In the present overview, I propose that fatigue may

capture initial dysregulation across a multiplicity of phys-
iological and biological systems, first and foremost in
the muscle, cardiovascular/pulmonary and cognitive sys-
tems, and that this dysregulation may be accelerated by
psychosocial factors and by factors early in life. However,
other types of age-related decline may also play a role,
e.g., age-related decline in the nervous and sensory sys-
tem (95), immunological system (150-152) and anemia
(23). Additional explanations may include pain, sleep,
medication and health behavior.

Sleep problems and fatigue often coexist as a conse-
quence of sleep deprivation, and are often grouped to-
gether by patients who suffer from them, complaining of
being tired. On closer examination, however, it can be seen
that lack of sleep and fatigue are two distinct, albeit in-
terrelated symptoms (7). Individuals with short sleep du-
ration are significantly more fatigued than persons who
sleep for longer periods (16) and older persons who report
sleeping problems are more fatigued than others (80).

Pain is another specific symptom, which shares many
common risk factors with fatigue (153). Pain has been
shown to be among the strongest predictors of fatigue in

patients with arthritis (154) and to be related to fatigue in
population-based samples, cross-sectionally (80) and to de-
velopment of fatigue (15).

Older people often take medications to help resolve
acute or chronic ailments (155). Although these medica-
tions are intended to improve patients’ health, they fre-
quently have side-effects caused by excessive drug use, de-
clining function in various physiological systems, and al-
tered drug metabolism and excretion (156, 157). These
are also likely to lead to fatigue.

It is also possible that lack of physical exercise mediates
the associations. Several studies show that low physical ac-
tivity is related to fatigue (48, 158) and to onset of fatigue
(18, 22, 136).

Some of the already described studies have actually ad-
justed the associations between fatigue and adverse out-
comes by sleep (62), medications (59) and physical activity
(33, 62), without attenuation of results. But much more re-
search is needed about the interactions between these fac-
tors and fatigue on adverse health outcomes.

FATIGUE - A SELF-REPORTED
INDICATOR OF FRAILTY?
According to the data presented, fatigue may be seen

as a self-reported indicator of early frailty. The term
frailty is often used interchangeably with disability and co-
morbidity to identify a physically vulnerable subset of
older adults (159). However, there is growing consensus
that frailty, disability and comorbidity are distinct clinical
entities, causally related. Comorbidity is defined as the con-
current presence of two or more medically diagnosed dis-
eases in the same individual; disability as difficulty or de-
pendency in performing daily activities, and frailty as a
physiologic state of increased vulnerability to stressors re-
sulting from decreased reserves in multiple physiologic and
biologic systems, and possible dysregulation of those
systems (159). Thus, frailty is distinct from, but over-
laps with, both comorbidity and disability. In addition, both
frailty and comorbidity predict disability, adjusting for
each other; disability may exacerbate frailty and comor-
bidity, and comorbid diseases may contribute to the de-
velopment of frailty (159).

Like frailty, fatigue predicts disability, and I suggest that
fatigue without disability represents an early stage of
frailty before it has caused disability. As with true frailty,
fatigue may be caused by increased vulnerability in multiple
biologic and physiologic systems, and interactions be-
tween biologic and physiologic systems may add to the
complexity. For instance, lower mitochondrial density
or decreased activity of oxidative enzymes do not in
themselves cause fatigue, but they may contribute to a de-
crease in muscle endurance, which leads to increased vul-
nerability. In addition, the state of fatigue may be accel-
erated because of the cumulative impact of social, mental
and biological factors throughout the life-course, but this
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is likely to take place via biological and physiological
pathways.

Frailty has been defined as a clinical syndrome, in-
cluding unintentional weight loss, slow walking speed,
weakness (hand grip strength), low physical activity and
self-reported exhaustion (159-161). Some researchers
have added even more variables to the definition of
frailty, such as sensory impairments, poor social condi-
tions, chronic diseases, and disability (e.g. 115). The re-
sulting measure of frailty is thus often an indicator of an
older person’s overall health status (162).

Focusing on frailty may lead to too little focus on in-
dividual components of frailty (i.e., fatigue) which may in
itself be an important predictor for adverse outcomes. At
the same time, individuals with a disease that resembles
the aspects of frailty may be erroneously considered to be
frail. In the end, a single measurement such as fatigue may
be an adequate, practical screen for vulnerability (162).

Recently Xue et al. (163) presented evidence for ho-
mogeneity in the initial manifestations of frailty, with fa-
tigue or early development of weight loss significantly pre-
dicting more rapid onset of the frailty syndrome, where-
as neither slow walking speed nor low activity at baseline
was associated with incident frailty. Fatigue and/or weight
loss were involved in 80% of transitions to frailty. This
finding raises the possibility that decreased energy pro-
duction or increased utilization is involved in the threshold
transition in a final common pathway toward frailty.
Plausibly fatigue and/or weight loss result from depletion
of system redundancy or compensatory mechanisms, so
that any new deficit leads to failure of the whole organism.
Early detection of fatigue may imply early detection of sub-
clinical changes or deficits at molecular, cellular and/or
physiological level – and is thus a key in preventing or de-
laying the development of frailty. In the above study
(163), it was shown that non-frail women with fa-
tigue/exhaustion as initial presenting symptom were
over three times more likely to become frail during a
7.5 year period compared with women without feelings
of exhaustion/fatigue.

This indicates that, among an array of signs of frailty,
fatigue is one of the most important indicators of a rapid
decline in other such signs. Fatigue is related to all other
components in the most general definitions of frailty, to
weight loss (22), slow walking speed (34), hand grip
strength (80) and low physical activity (48).

There is a need for more investigation of relation-
ships between fatigue and frailty and between the sub-
jective and objective components of frailty as defined by
Fried et al. (159).

CONCLUSION
Fatigue is suggested to be not only a self-reported in-

dicator of frailty, defined as a physiologic state of in-
creased vulnerability to stressors resulting from decreased

physiologic reserves and even dysregulation of multiple
physiologic systems, but also that it may be accelerated be-
cause of the cumulative impact of social, mental and bi-
ological factors throughout the life-course. Fatigue in
older adults is the result of multiple potentially modifiable
factors, of which some may be fully treated or at least al-
leviated, thus slowing down the speed of the aging pro-
cess.
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