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Association of General Fatigue With Cellular Immune Indicators
Among Healthy White-Collar Employees

Akinori Nakata, DMSc, Masahiro Irie, MD, DMSc, and Masaya Takahashi, DMSc

Objective: Although fatigue is a common complaint in the working popu-
lation, underlying immunological mechanisms are not well understood. This
study investigated the association of general fatigue with cellular immune
indicators. Methods: A total of 148 healthy white-collar employees (70%
men) underwent a blood draw for the measurement of natural killer (NK), B,
and T cell counts as well as NK cell cytotoxicity (NKCC) and completed two
different fatigue scales, that is, Profile of Mood State (POMS) and Maastricht
Questionnaire (MQ). Results: Multiple linear regression analyses revealed
that POMS fatigue score was significantly associated with decreases of NK
cells (β = − .407) and NKCC (β = − .215), whereas MQ fatigue score was
significantly associated with reduced NK cells (β = − .290) but not with
NKCC (β = − .127). Conclusion: The results suggest that general fatigue
may be related to impaired NK cell competency among healthy employees.

F atigue is a common complaint in the working population, with
reported prevalence varying from 8% to 38%.1–6 Prolonged fa-

tigue has been identified as an independent risk factor for long-
term sickness absence,1,7 impaired work ability and productivity
loss,8 occupational injuries,9 and adverse health conditions includ-
ing chronic disorders,10,11 infection,12 and obesity.13 Fatigue is more
prevalent among workers with high job stress,7,14–17 irregular work
schedules,7,13 long work hours,18–21 and poor sleep.16,22,23 Although
fatigue has drawn a considerable attention in recent occupational
health research,24 the underlying biological mechanisms of fatigue
is largely unknown.

A number of studies have reported that chronic fatigue syn-
drome (CFS), which is a condition characterized by profound, dis-
abling, and unexplained sensation of fatigue lasting more than 6
months accompanied by a constellation of nonspecific symptoms,25

is related to immune abnormalities.26,27 These abnormalities include
alterations of cytokine profile, reduced natural killer cell cytotoxic-
ity (NKCC), decreased responses to T cell mitogens, and a presence
of autoantibodies.27,28 In contrast to a large body of CFS research,
little is known about the immunological characteristics of general or
mild/frequent fatigue. Such fatigue is normally restored by sufficient
rest and sleep, but can cause serious health issues when it becomes
persistent. A limited amount of studies that directly associated fa-
tigue and immune outcomes found that prolonged fatigue is related
to decreased NKCC29 and cytokines such as interleukin (IL)-4 and
interferon (IFN)-γ ,30 and increased inflammatory markers includ-
ing C-reactive protein (CRP)31–33 and white blood cell counts.32 It
has also been reported that work-related fatigue is associated with
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reactivation of latent viruses such as human herpesvirus (HHV)-6
and -7.34 Nevertheless, due to a restricted amount of information the
immunologic basis of general fatigue is still not well understood.

In addition to reports on fatigue and immunity as described
earlier, there are studies that investigated the immunological ef-
fects of affective states that define fatigue as a core element, that
is, burnout syndrome and vital exhaustion. Burnout syndrome that
is characterized by a constellation of emotional exhaustion, deper-
sonalization, and diminished personal accomplishment, has been
consistently associated with impaired immune activity.35–40 Workers
with a tendency of burnout had decreased T cell subsets (CD4 + ,
CD8 + , and CD3 + T cells),35 NK cells,36 NKCC,36 and IL-4,37 as
well as increased TNF-α,37,39 IL-10,38 and CRP.40 Meanwhile, vital
exhaustion is conceptualized as an unusual state of fatigue, loss of
energy, increased irritability, and feelings of demoralization.41 Vital
exhaustion has also been reported to be related to immune disruption
as represented by increased IL-1ra, IL-6, CRP, IL-10, and TNF-α,
especially in patients with cardiovascular disorders.42–44

Although fatigue seemed to be a core component of burnout
syndrome and vital exhaustion, it should be acknowledged that fa-
tigued workers are not always burnt out and burnt out workers might
not experience fatigue as a major complaint.3 In the same way, fa-
tigued workers may not necessarily experience demoralization or
depressive feeling by definition as vitally exhausted workers do.
Collectively, fatigue seems to overlap with both burnout syndrome
and vital exhaustion to some extent, but it is not entirely redundant
with these concepts. Therefore, it seems important to elucidate the
direct association of fatigue with the immune system, which may
help one to understand various health problems related to fatigue at
work.

The aim of this study was to investigate the association of
fatigue with cellular immune indicator in a cross-sectional study de-
sign. We measured NKCC and circulating NK (CD3-CD56 + ) cells
together with B (CD19 + ) and total T (CD3 + CD56-) cells among
148 white-collar employees. The conceptual model for this study
links work-related factors, heath behaviors, and sociodemographic
factors to immunological outcomes through fatigue (Figure 1). In
this model, poor health behaviors (eg, insufficient sleep), high work
stress, long work hours, and low socioeconomic status are presumed
to increase the level of fatigue leading to poor immune outcomes.
Direct pathways of work-related factors, heath behaviors, and so-
ciodemographic factors to immune outcomes are depicted but are
not investigated in this article.

SUBJECTS AND METHODS

Study Participants
The study was conducted as a part of annual occupational

health examination in April 2002. All participants were full-time,
white-collar, and daytime Japanese employees working at a trading
company. A total of 217 employees who underwent health exami-
nation were invited to participate in this study and the survey ques-
tionnaire, including purpose, instruction, and informed consent was
given to them. Overall, 216 employees agreed to participate in the
questionnaire survey and blood test, and replied with a signed con-
sent form. Of these employees, 47 were excluded because of miss-
ing data in essential study parameters. An additional 21 employees
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FIGURE 1. Conceptual model for the relationship among
work-related factors, heath behaviors, sociodemographic fac-
tors, fatigue, and immunological outcomes.

reporting physical/mental disorders were excluded (see “Covari-
ates” section for detail), which resulted in a sample of 148 par-
ticipants. The study protocol was reviewed and approved by the
institutional review board of the National Institute of Occupational
Safety and Health, Japan and by the Ethical Committee of the Kyushu
University.

Measures

Fatigue
Fatigue was measured by two different scales. First, we

used the three-item modified version of the Profile of Mood State
(POMS)45 validated in Japanese.46 Participants were asked about
their feeling during the past month: (a) I felt fatigued, (b) I felt ex-
hausted, and (c) I felt sluggish. Responses to the questionnaire were
coded as almost never = 1, sometimes = 2, often = 3, and almost
always = 4. Responses are summed to obtain total POMS fatigue
score, which ranges from 3 to 12, with higher scores reflecting more
fatigue. Selection of items from the original POMS was based on
factor analysis of item loading from a large scale study in Japan.47

Chronbach’s α of the POMS fatigue scale was 0.90. The test–retest
stability over 1 year was r = .465 (P < 0.001). The modified POMS
fatigue scale was chosen because the original POMS fatigue scale is
one of the most widely adopted measures of subjective fatigue. The
modified version has been frequently used in prior studies and has
been shown to hold a high reliability.48–50 Second, we used 21-item
Maastricht Questionnaire (MQ)41 validated in Japanese51 to develop
an original fatigue construct from the questionnaire; the reliability
of the total scale was good (α = .90). Briefly, principal component
analysis with oblimin rotation was used to determine the underly-
ing structure of MQ. Kaiser criterion was adopted to identify the
number of components, and subsequent Kaiser-Meyer-Olkin crite-
ria and Bartlett test of sphericity were applied as fit indices. Those
items with component loadings of more than .40 and cross-loading
of more than .20 were selected. As a result, items for fatigue taken
out from the original 21-item MQ were questions 1, 4, 12, 14, and

20. These items are “Do you often feel tired? (Q1),” “Do you feel
weak all over? (Q4),” “Do little things irritate you more than they
used to? (Q12),” “I feel fine (reverse) (Q14),” and “Do you ever
wake up with a feeling of exhaustion and fatigue (Q20)?” Responses
to the questionnaire were coded as no = 0, don’t know = 1, and
yes = 2. Responses are summed to obtain total MQ fatigue score,
which ranges from 0 to 10, with higher scores representing increased
fatigue. Chronbach’s α of the MQ fatigue scale was 0.77. The test–
retest stability over 1 year with this sample was high (r = .689,
P < 0.001). We selected the MQ to measure fatigue based on the fact
that the scale predominately assesses two distinct dimensions, that
is, fatigue and depression.52 The MQ fatigue scale is often used in a
clinical setting and reported to predict future myocardial infarction
or new cardiac events in both healthy and cardiac populations.53,54

Preparation of Blood Samples
Fasting blood samples were collected between 9 and

11 AM from participants to control for diurnal variations. Ethylene-
diaminetetraacetic acid dipotassium (2K-EDTA) was used as an an-
ticoagulant to collect 2 mL of venous blood from subjects for mea-
surement of leukocytes counts and immunofluorescence staining.
Similarly, 5 mL heparinized venous blood was collected to measure
NKCC. All samples were transported and handled at room temper-
ature (ie, 15◦C–20◦C). Immunofluorescence staining analysis and
measurement of NKCC were conducted within 24 and 12 hours of
blood collection, respectively. We determined counts of total leuko-
cytes and total lymphocytes by an automated cell counter (Coulter
Counter SP-VI, Coulter Electronics, Hialeah, FL), and lymphocyte
subpopulations by flow cytometry analysis (EPICS XL, Beckman
Coulter Inc, CA), as described in detail elsewhere.55–57

Cell Surface Marker Analysis
The following sets of monoclonal antibodies were used to

perform four-color direct immunofluorescence surface-marker anal-
ysis: anti-CD45-FITC/anti-CD56-RD1/anti-CD19-ECD/anti-CD3-
PC5. Anti-CD45-FITC antibody was used to identify and differen-
tiate lymphocytes from nonlymphocytes and debris. A combination
of Mouse IgG1-FITC/Mouse IgG1-RD1/Mouse IgG1-ECD/Mouse
IgG1-PC5 was used as the negative control. All monoclonal antibod-
ies were purchased from Beckman Coulter Inc. We calculated the
number in each lymphocyte subset by multiplying lymphocyte counts
by the percentage of positive cells in each category, as determined by
flow cytometer (EPICS XL, Beckman Coulter Inc, Fullerton, CA).

With regard to functional roles of selected lymphocytes, T and
B cells bear central roles in cellular and humoral immunity; subsets of
T (CD4 + and CD8 + ) cells control production of immunoglobulins
from B cells and secretion of cytokines. NK cells are large granular
cells possessing killer activity against certain tumor cells and virus-
infected cells without prior sensitization. Although interpretation
of changes in number of lymphocyte subsets needs great care, an
excessive increase of T cells is known to be associated with systemic
inflammation, whereas a persistent decrease of T cells is related
to immunodeficiency.58 Similarly, an extreme decrease of B cells
is associated with suppressed humoral immune function resulting in
inhibited production of immunoglobulins, whereas a decrease of NK
cells is associated with reduced effectiveness in killing infected and
cancerous cells.59

Cytotoxicity Assay
A standard 4-hour Chromium-51 (51Cr) release assay was used

to determine NKCC with effector cells at an effector/target [E/T]
cell ratio of 20:1.60 K562 was used as target cells and labeled with
[51Cr]-sodium chromate (New England Nuclear, Boston, MA) at
37◦C for an hour, washed and resuspended at 2 × 105/mL in Roswell
Park Memorial Institute (RPMI)-1640 medium containing 10% Fetal
Calf Serum, 2 mM glutamine, 100 U/mL penicillin and 100 U/mL
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streptomycin. Labeled target cells were incubated with effector cells
at an effector/target [E/T] cell ratio of 20:1 in U-bottomed 96-well
plates at 37◦C for 4 hours. Radioactivity in the supernatant was
determined by a gamma counter. The assay was performed in qua-
druplicate. The percentage of specific lysis as cytotoxicity was de-
termined according to the following formula: percentage of specific
lysis = [(mean experimental cpm release − mean spontaneous cpm
release)/(mean maximal cpm release − mean spontaneous cpm re-
lease)]. We chose the E/T cell ratio of 20:1 because a large study
of Japanese population (n = 3625) identified that the differences
among individuals cytotoxic activity were most distinguishable.61

Covariates
Covariates included sex, age (in years), education (in years),

marital status (unmarried/married), smoking (number of cigarettes
smoked per day), alcohol consumption (g ethanol/week), leisure-
time physical activity, subjective sleep sufficiency, height, weight,
typical work hours per day, job control, job demands, self-reported
illness, and regular medication usage. Alcohol consumption was es-
timated by asking the usual amount of alcoholic drinks consumed per
day multiplied by the number of occasions in a week that alcoholic
drinks were consumed. We assessed leisure-time physical activity
by calculating the energy expenditure of habitual physical exercise.
We asked frequency, type, and length of physical exercise per month
and converted these data to metabolic equivalents (METs).62 Sub-
jective sleep sufficiency was determined by a single question63: Do
you think your daily sleep is sufficient? Response options were: (1)
very insufficient, (2) somewhat insufficient, (3) fairly sufficient, or
(4) very sufficient. Height (m) and weight (kg) were measured an-
thropometrically to assess body mass index (BMI), calculated as
weight in kilograms divided by the square of height in meters. Job
control and job demands were measured using the Brief Job Stress
Questionnaire; both scales consisted of three items.47 Examples of
items include “I can work at my own pace (job control)” and “I have
an extremely large amount of work to do (job demands).” These
scales were developed with a research grant for Japanese Ministry
of Labor with referring to Karasek’s Job Content Questionnaire and
the National Institute for Occupational Safety and Health Generic
Job Stress Questionnaire.47

Regarding physical/psychological illness, participants were
asked by occupational health doctors/nurses if they had been di-
agnosed or being treated for any of the following symptoms or
disorders at the time of the study: hypertension, diabetes melli-
tus, depression, asthma, allergies, cancer, angina pectoris, cardiac
infarction, gout, renal disease, colonic polyp, skin disease, anxi-
ety disorders, musculoskeletal disorders, arrhythmia, cholelithiasis,
kidney and urinary track diseases, liver disease, cerebrovascular dis-
ease, hyperlipidemia, gastric/duodenal ulcer, autonomic imbalance,
or other diseases. If the subjects reported “other diseases,” they were
asked to specify the condition. As a result, participants with the
following disorders were identified; hypertension (n = 13), hyper-
lipidemia (n = 10), diabetes mellitus (n = 4), gastric/duodenal ulcer
(n = 3), depression (n = 2), asthma (n = 2), liver diseases (n = 2),
autonomic imbalance (n = 2), anxiety disorders (n = 1), severe aller-
gies (n = 1), and the common cold (n = 1); 20 participants reported
2 + disorders. To eliminate the potential effects of health status on
immune parameters, we excluded all participants who reported the
above disorders (n = 21) from the analyses. We also obtained data on
the use of the following medications; aspirin (n = 31), β-Blockers
(n = 1), acetaminophen (n = 23), corticosteroids (n = 1), antide-
pressants (n = 1), and anxiolytic drugs (n = 1). All participants with
self-reported illnesses as described earlier were eliminated, leaving
only aspirin (n = 26) and acetaminophen (n = 18) users in the sub-
sequent analyses; these users were categorized as medication users
(yes/no) in the analyses.

Statistical Analyses
Variables (age, alcohol consumption, BMI, POMS, and MQ

fatigue scores) with skewed distributions were logarithmically trans-
formed to achieve a more normal distribution in values. Alcohol
consumption and MQ score were scaled for a nonnegative value
by adding 1. Intercorrelations among fatigue, immune markers, and
covariates were initially tested by the Pearson product-moment cor-
relation coefficient.

Multiple linear regression analysis was used to examine the
relationship between fatigue (dependent variable) and covariates (in-
dependent variables). Hierarchical multiple linear regression anal-
yses were performed to test the association of fatigue scores with
immune indicators. In step 1, we entered age, sex, and education
as covariates. In step 2, we added marital status, smoking, alcohol
consumption, physical activity, subjective sleep sufficiency, BMI,
medication usage, work hours, job control, and job demands. In the
analytic process, we considered the interactions of sex × fatigue
but there were no significant (P < 0.05) interactions thus were not
incorporated into the further analyses.

The significance level for all statistical analyses was P < 0.05
(two-tailed test). We analyzed the data using the Statistical Package
for the Social Sciences version 15.0 (SPSS, Inc, Chicago, IL).

RESULTS

Sample Characteristics
Characteristics of study participants are shown in Table 1.

More than 70% were men and 63% were married. On average, par-
ticipants aged 40, educated 15 years, and worked 10 hours per day.
No participants in this sample showed clinically overt abnormalities
of immune indicators (Table 1).

TABLE 1. Characteristics of Study Participants (N = 148)*

Characteristics Mean ± SD or n (%)

POMS Fatigue score (range: 3–12)† 6.1 ± 2.1

MQ fatigue score (range: 0–10)† 5.4 ± 2.1

Sex, % men 104 (70.3)

Age (in years) (range: 23–59) 39.9 ± 11.1

Education (in years) (range: 12–20) 15.3 ± 1.5

Marital status, % married 93 (62.8)

Smoking (number of cigarettes smoked/day)

(range: 0–60)

7.1 ± 11.3

Alcohol consumption (g ethanol/week) 134.4 ± 138.3

Leisure-time physical activity (METs/week) 5.8 ± 8.9

Subjective sleep sufficiency‡ 2.4 ± 0.7

BMI (kg/height (m)2) 22.5 ± 2.9

Work hours/day (range: 7–15) 9.9 ± 1.9

Job demands (range: 7–24) 17.3 ± 3.3

Job control (range: 3–12) 8.2 ± 1.7

Medication usage§, % yes 44 (29.7)

Immune indicators

NK (CD3-CD56 + ) cells (cells/mm3) 312 ± 196

Total T (CD3 + CD56-) cells (cells/mm3) 1169 ± 417

B (CD19 + ) cells (cells/mm3) 250 ± 145

NKCC (% cytotoxicity) 50.6 ± 15.9

*Participants who reported physical/psychological disorders were excluded to
eliminate the potential effects of health status on immune parameters.

†Higher scores indicate increased fatigue.
‡Subjective sleep sufficiency (1 = very insufficient, 2 = somewhat insufficient,

3 = fairly sufficient, 4 = very sufficient).
§Use of acetaminophen or aspirin.
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TABLE 3. Multiple Regression Analyses With POMS and MQ Fatigue Scores as Dependent Variables and Covariates as
Independent Variables (N = 148)

POMS Fatigue score* MQ Fatigue score*

β† P β† P

Covariates: Adjusted R2 = .309 (P < 0.001) Adjusted R2 = .205 (P < 0.001)

Age (years)* − .461 <0.001 − .317 0.005

Sex (men = 1, women = 2) .063 0.638 .099 0.490

Education (in years) − .279 0.006 − .253 0.020

Marital status (1 = unmarried, 2 = married) .073 0.450 .024 0.819

Smoking (number of cigarettes smoked/day) .028 0.715 − .010 0.900

Alcohol consumption (g ethanol/week)* .122 0.145 .020 0.825

Leisure-time physical activity (METs/week) − .073 0.314 − .039 0.614

Subjective sleep sufficiency − .165 0.038 − .201 0.019

BMI (kg/height (m)2)* .138 0.137 .032 0.749

Work hours/day .012 0.905 .123 0.246

Job demands .254 0.003 .003 0.970

Job control − .163 0.028 − .210 0.009

Medication usage (no = 1, yes = 2) − .011 0.892 .017 0.841

*Log-transformed.
†Standardized regression coefficient.

Pearson Correlation Between POMS/MQ Fatigue
Scores, Immune Indicators, and Covariates

Intercorrelations among fatigue scores, immune indicators,
and covariates are shown in Table 2. Correlation between POMS
and MQ fatigue scale was high (r = .626). POMS and MQ fatigue
scores were both inversely correlated with NK cells. NKCC was sig-
nificantly correlated with MQ fatigue score whereas POMS fatigue
score was marginally correlated. Neither POMS nor MQ fatigue
scores were correlated with T or B cells. Age, subjective sleep suf-
ficiency, and job control were both inversely correlated with POMS
and MQ fatigue scores. Work hours and job demands were positively
correlated with POMS and MQ fatigue scores (Table 2).

Association Between POMS/MQ Fatigue Scores and
Covariates

The relationships between POMS and MQ fatigue scores with
covariates are shown in Table 3. POMS and MQ fatigue scores
were significantly correlated with younger age, lower educational
status, insufficient sleep, and low job control. In addition, only POMS
fatigue score was significantly associated with high job demands
(Table 3).

Association Between POMS/MQ Fatigue Scores and
Immune Indicators

Hierarchical multiple regression analyses revealed that POMS
fatigue score was inversely associated with NK cells and NKCC even
after adjustment of an array of potential confounders (Table 4 and
Figure 2). MQ fatigue score was also inversely associated with NK
cells but not with NKCC. Figure 2 illustrates the dot plots for the
relationship between fatigue scores and NK markers. Neither POMS
nor MQ fatigue scores were correlated with T or B cells.

DISCUSSION
The current study investigated the relationship between the

levels of fatigue and cell-mediated immune indicators in 148 healthy
employees. There were four key findings from this study. First,
POMS fatigue score was inversely associated with NK cells and
NKCC. Second, MQ fatigue score was also inversely associated

with NK cells but not with NKCC. Third, neither POMS nor MQ
fatigue scores were associated with T or B cells. And finally, fac-
tors related to POMS and MQ fatigue had similar conditions; it was
defined by multiple factors including age, education, sleep, and job
stress. Although the results must be interpreted with caution due to
the cross-sectional nature of the study, fatigue related to high job
stress, insufficient sleep, and low socioeconomic status may result in
impaired NK cells in healthy white-collar workers.

In this study, we found a decrease of NK cell immunity by
increased fatigue level. This finding is consistent with one study
that reported a reduction of NKCC in fatigued individuals using the
within subjects design with two point estimates.29 Authors found that
an increase in the amount of sleep and a decrease in levels of fatigue
were related to an increase of NKCC. However, authors did not find a
relationship between fatigue and NKCC in cross-sectional analyses,
possibly due to small number of subjects in the study (n = 45). Our
results are also in accordance with a large-scale prospective study
(n = 12,140) showing that a high level of fatigue is associated with
20% increase of being absent due to common infection12 because
NK cells appear to play a major role in killing virally infected cells.59

Studies have reported that reduced NKCC is a significant prognos-
tic indicator of infection among healthy individuals. According to
several prospective studies, healthy subjects with persistently low
NKCC exhibited a higher risk for developing infections within 6 to
12 months.64 Thus our results imply that fatigue may compromise
NK cell function resulting in frequent/common infection.

No significant associations between fatigue and T or B cells
were found in this study. Although we are not aware of any studies
demonstrating the relationship between general fatigue and immu-
nity, a review specifically focused on immunology of CFS concluded
that (1) quantity and function of B cells are not affected by CFS, and
(2) CFS may relate to T cell activation but the quantity of T cell
subsets in relation to CFS is inconclusive.65 Clearly, more evidence
is needed to reach a valid conclusion regarding the relationship be-
tween general fatigue and T and B cells.

The multiple regression analyses with fatigue scales as out-
comes revealed that reduced sleep sufficiency and high job stress
(low job control and/or high job demands) are significantly related
to increased fatigue (Table 3). This finding is consistent with those

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

1082 C© 2011 American College of Occupational and Environmental Medicine



JOEM � Volume 53, Number 9, September 2011 Fatigue and Immunity

TA
B

LE
4.

Su
m

m
ar

y
of

H
ie

ra
rc

hi
ca

lM
ul

tip
le

Li
ne

ar
Re

gr
es

si
on

A
na

ly
si

s
fo

r
th

e
A

ss
oc

ia
tio

n
of

PO
M

S
an

d
M

Q
Fa

tig
ue

Sc
or

es
W

ith
C

el
lu

la
r

Im
m

un
e

M
ar

ke
rs

(N
=

14
8)

St
ep

1*
St

ep
2†

N
K

ce
lls

T
ce

lls
B

ce
lls

N
K

C
C

N
K

ce
lls

T
ce

lls
B

ce
lls

N
K

C
C

Im
m

un
ol

og
ic

al
ou

tc
om

es
(d

ep
en

de
nt

va
ri

ab
le

)
β

§
P

β
§

P
β

§
P

β
§

P
β

§
P

β
§

P
β

§
P

β
§

P

P
O

M
S

Fa
ti

gu
e

sc
or

e‡
−

.3
66

<
0.

00
1

−
.0

54
0.

55
9

.0
91

0.
31

0
−

.2
18

0.
01

3
−

.4
07

<
0.

00
1

−
.0

01
0.

99
4

.0
68

0.
48

1
−

.2
15

0.
02

8

M
Q

Fa
ti

gu
e

sc
or

e‡
−

.3
34

<
0.

00
1

−
.0

52
0.

56
2

.1
02

0.
24

8
−

.1
58

0.
06

7
−

.2
90

<
0.

00
1

.0
14

0.
87

5
.1

17
0.

17
7

−
.1

27
0.

16
7

*A
dj

us
te

d
fo

r
se

x,
ag

e,
an

d
ed

uc
at

io
n.

†A
dj

us
te

d
fo

r
se

x,
ag

e,
ed

uc
at

io
n,

m
ar

it
al

st
at

us
,s

m
ok

in
g,

al
co

ho
lc

on
su

m
pt

io
n,

ph
ys

ic
al

ac
tiv

it
y,

su
bj

ec
tiv

e
sl

ee
p

su
ffi

ci
en

cy
,B

M
I,

m
ed

ic
at

io
n

us
ag

e,
w

or
k

ho
ur

s,
jo

b
de

m
an

ds
,a

nd
jo

b
co

nt
ro

l.
‡L

og
-t

ra
ns

fo
rm

ed
.

§S
ta

nd
ar

di
ze

d
re

gr
es

si
on

co
ef

fi
ci

en
ts

fo
r

ea
ch

va
ri

ab
le

’s
un

iq
ue

co
nt

ri
bu

ti
on

.

of past studies in different working populations. For example, in two
consecutive surveys during 2003 to 2004 (n = 350–383), reduced
daily sleep hours was the strongest factor related to accumulated fa-
tigue in Japanese manufacturing workers.22 A study of 5720 healthy
employed men and women in Sweden reported that fatigue was
predicted by disturbed sleep (odds ratio [OR], 4.31) and high work
demands (OR, 2.39) but not by overtime (OR, 0.87–1.32).16 A cross-
sectional survey of medical interns revealed that poor sleep quality
and greater perceived stress were significantly associated with fa-
tigue but working longer than 80 h/week was not directly associated
with fatigue.23 In healthy working employees, it seems that insuffi-
cient sleep and job stresses are two major modifiable factors related
to increased fatigue, which may impair NK cell competency.

The regression analysis also found that age is inversely corre-
lated with the level of fatigue. Several studies have reported that age
is positively related to an increase of fatigue,66,67 whereas other stud-
ies found no relationship between the two.2,68,69 Meanwhile, there is
also evidence suggesting that fatigue is inversely correlated with
age. In a national cross-sectional telephone survey of US workers,
the 2-week period prevalence of fatigue was 40.2% for 18 to 29 years
old, 40.7% for 30 to 39 years old, 37.2% for 40 to 49 years old, and
33.7% for 50 to 65 years old.8 As such, the evidence for age be-
ing a correlate of fatigue has been inconsistent across studies. With
regard to our findings, younger workers tend to work longer hours
with insufficient sleep, which may constitute an inverse correlation
between age and fatigue (Table 2). Thus, the relationship between
age and fatigue seems to be complex and may depend on nature of
the target population.

The current study may provide further implications for strate-
gies to reduce fatigue at the workplace and improve immunological
health of workers. Several prior studies have pointed out that long
work hours or excessive overtime are associated with fatigue,16,19,22,23

but the findings are not always consistent. We speculate that this in-
consistency may be attributable to the fact that work hour-fatigue
relationship may be confounded by sleep.70,71 Workers with insuf-
ficient/short sleep due to long work hours may have suffered from
fatigue, whereas workers who worked long but have had good sleep
may not complain much about their fatigue. In conjunction with this
speculation, we propose that an efficient measure to reduce work-
ers’ fatigue is to have control over their sleep and work schedules.
Epidemiological studies have indicated that having control over work
time (as characterized by control over the starting and ending times
of a workday, the opportunities to take breaks and to deal with private
matters during the workday, the scope for influencing, the scheduling
of shifts, the scheduling of paid days off and vacations, and the op-
portunities to take unpaid leave) as well as control over nonworking
hours (eg, sleep/rest hours and physical activities) can have signifi-
cant positive impacts of the health including fatigue outcomes.72–75

Such strategy may be promising to reduce job stress, recover from
fatigue and insufficient sleep, and improvement of immune response
simultaneously.

This study has strengths and limitations that should be con-
sidered for the interpretation of the results. The specific strengths
of our study are that we controlled for a broad array of potential
confounders and applied two different fatigue scales. In addition,
participants who reported illnesses were excluded to minimize sam-
pling bias, that is, fatigued as a consequence of health conditions.
Limitations include the following. First, since this study is of cross-
sectional data, the association could be in either direction, that is,
subjective fatigue may reduce NK cells or that reduced NK cells may
be the cause for increased perception of fatigue. Second, sample size
was not large, which might have contributed to underestimation of
effect size, that is, MQ fatigue and NKCC. Third, although we used
two distinct fatigue scales, it is desirable to reconfirm our findings
using other fatigue scales such as the visual analog scale, Brief Fa-
tigue Inventory,76 or Checklist Individual Strength1 to support our
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FIGURE 2. The dot plots for the relationships between POMS and MQ fatigue scores with NK cell counts (upper) and POMS
and MQ fatigue scores with NKCC (lower).
Note. Lg indicates logarithmically transformed; POMS, profile of mood state, MQ, Maastricht Questionnaire.

findings. Fourth, participants were employees from specific occupa-
tions and are not representative of the entire Japanese workforce or
workers of other racial/ethnic groups. Fifth, we could not obtain data
on menstrual phase or oral contraceptive use in women, which might
have some effects on immunological outcomes. Sixth, although the
chance seems to be low, participants with CFS or fibromyalgia may
be included in the analysis because these disorders were not explic-
itly listed in the questionnaire. Seventh, we only measured cellular
immune markers, which limit the interpretation of our findings. And
finally, even though we adjusted for a variety of confounders, we
could not exclude the possibility that unadjusted factors, that is, per-
sonality traits, genetic components, other social/occupational fac-
tors, as well as unknown or unmeasured factors may have affected
our findings.

In conclusion, this study examined the association between fa-
tigue and cellular immune status in a sample of 148 healthy Japanese
white-collar daytime employees. The results suggested that fatigue
is associated with impaired NK cell immune response but not T
or B cell counts. Although the precise mechanisms and pathways
underlying the observed associations have yet to be determined, the
findings of the present study provides some support for the biological

evidence of the relationship between fatigue and the immune sys-
tem. Further research is needed to confirm the relationships between
fatigue, immunity, and long-term health outcomes in a prospective
manner.
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ERRATUM

Pulmonary Function in a Cohort of New York City Police Department Emergency Responders Since the 2001
World Trade Center Disaster: Erratum

I n the article, ìPulmonary Function in a Cohort of New York City Police Department Emergency Responders Since
the 2001 World Trade Center Disaster,” published in the June 2011 issue, a portion of the 2007 data was omitted

and is herein clarified.
In 2002, 11 of 206 subjects (5.3%) exhibited mild pulmonary dysfunction (60% to 80% of predicted; 95% CI:

3.0% to 9.4%). Upon reevaluation in 2007, the abnormalities had resolved in 4 of the 11 affected individuals (36.4%),
whereas 6 individuals (54.5%) continued to exhibit mild pulmonary dysfunction, and 1 individual did not return for
testing. Ten additional individuals (7.2%) of 139 returning subjects exhibited mild pulmonary dysfunction (95% CI:
3.9% to 12.9%), raising the number of affected individuals to 16 (11.5%; 95% CI: 7.2% to 18.0%). This increase in
prevalence, however, was not statistically significant (McNemar test with continuity correction, P = 0.18) and does
not affect the conclusions.
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