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Abstract

Objective To evaluate the immunosuppressive effects of

job stress in female nurses, an 8-month longitudinal study

was conducted at a major university hospital.

Methods Four groups of ten subjects each were con-

structed to represent high versus low objective stress and

high versus low subjective stress based on their responses

to a job stress questionnaire and objective stress ratings of

the hospital’s work units. Number of white blood cells (i.e.,

T cells, B cells, and natural killer cells), and lymphocytic

proliferation to mitogens (concanavalin A, phytohemag-

glutinin, and pokeweed) and toxoid (tetanus) were mea-

sured by flow cytometry and radioimmunoassay. Serum

levels of hydrocortisol, IL-1b, IFN-c, and TNF-a, and

salivary IgA were measured by enzyme-linked immuno-

sorbent assay. The data were analyzed by repeated mea-

sures analysis of variance controlling for age and smoking.

Results The level of white blood cells was lower among

high objective stress group (median: 7,170/m3; range:

5,386–10,057) compared with that among low objective

stress group (8,063; 5,888–9,875) (P = 0.03), however, no

other cellular blood variables were found to be significant.

In terms of humoral immuno-biomarkers, the level of TNF-

a was moderately lower among high objective stress group

(1.7 ng/ml; 0.3–2.7) compared with that among low

objective stress group (2.2; 0.5–3.5) (P = 0.07), whereas

the level of total sIgA was significantly higher among

higher objective stress group (72.9 end-point titer/mg/ml/

min; 14.4–153.4) compared with that among low objective

stress group (44.8; 9.9–123.8) (P = 0.02).

Conclusion The results of the study suggest that psy-

chological job stress affects the levels of some immuno-

logical biomarkers in female nurses.
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NK Natural killer

TNF Tumor necrosis factor

WBC White blood cells

SAM Sympathetic–adrenal–medullary

sIgA Secretory immunoglobulin A

Introduction

While we still do not have an adequate conceptual model

for the relationships between stress and immune system

changes (Segerstrom and Miller 2004), there is an

increasing acceptance of the inference that immune sup-

pression mediates the often-observed occurrence of illness

following commonplace stress such as bereavement

(Goodkin et al. 1996), marital discord (Kiecolt-Glaser et al.

1988), examination (Jemmott and Magloire 1988), unem-

ployment (Arnetz et al. 1991), and care-giving for patient

(Irwin et al. 1991; Pariante et al. 1997) by affecting the

susceptibility to infectious and malignant diseases. In

addition to commonplace stress, work-related stress has

also been reported to alter immunological parameters in

nurses (Endresen et al. 1987; Henningsen et al. 1992; De

Gucht et al. 1999; Ng et al. 1999; Yang et al. 2002;

Morikawa et al. 2005; Amati et al. 2010), male shift

workers (Meijiman et al. 1995), blue-collar workers

(Kawakami et al. 1997; Bosch et al. 2009), electric power

plant workers (Nakata et al. 2000; Nakata et al. 2002),

athletes (Gleeson 2000), police officers (Piercecchi-Marti

et al. 1999), and air traffic controllers (Zeier et al. 1996).

However, the relationships between job stressors and the

level of immune-biomarkers are not consistent. For

example, the associations reported between role-stress and

nonparticipation in decision making among nurses and

increased level of IgA and IgG, respectively (Endresen

et al. 1987), was not replicated in the following studies that

reported inverse association between self-reported levels of

stress and the level of both salivary IgA (Ng et al. 1999;

Yang et al. 2002) or lysozyme (Yang et al. 2002). Although

the relationship between stress level (i.e., quantitative work

load and a conflict with physicians) and decreased natural

killer (NK) cell activity among nurses has been reported by

Morikawa et al. (2005), another study could not find strong

association (Ng et al. 1999). A recent longitudinal study

conducted for nurses (Amati et al. 2010) has suggested the

association between job satisfaction and decreased low cell

numbers of CD8(?) suppressor T cells, CD8(?)–CD57(?)

activated T cells, CD56(?) NK cells, and low IL-6 levels.

In terms of other occupational groups, low reward, high

effort–reward imbalance, and low social support at work

were affected with a significantly lower CD4:CD8 ratio

among blue-collar workers (Bosch et al. 2009). The

working sessions caused a marked increase in the con-

centration and secretion rate of salivary immunoglobulin A

(sIgA), as well as in the concentration of salivary cortisol

among air traffic controllers (Zeier et al. 1996). Higher job

strain decreased the number of CD4?CD45RA? T lym-

phocytes in young male Japanese workers aged 20–39, but

increases serum IgG concentrations (Nakata et al. 2000),

while lower job control is associated with a decrease in the

number of CD4?CD45RO? T lymphocytes in male mid-

dle-aged workers aged 40–60 (Nakata et al. 2002). Meijiman

et al. (1995) reported inverse correlations between job

demand and CD4? T lymphocytes and between job control

and CD4? and CD8? T lymphocytes in male shift workers.

The hypothalamic–pituitary–adrenal (HPA) and the

sympathetic–adrenal–medullary (SAM) axes are the two

major pathways through which immune function can be

altered by stress (Padgett and Glaser 2003). Lymphocytes,

monocytes or macrophages, and granulocytes have recep-

tors for many neuroendocrine products of the HPA and

SAM axes such as cortisol and catecholamine, respec-

tively, which can induce changes in cellular trafficking,

proliferation, cytokine secretion, antibody production (e.g.,

IgG, IgM, and IgA) and cytolytic activity. Recent studies

suggest that chronic stress alters patterns of cytokine

secretion to cause the Th1-to-Th2 shift in immune system

(Iwakabe et al. 1998; Marshall et al. 1998; Salak-Johnson

and McGlone 2007). According to this hypothesis, chronic

stress suppress Th1 cytokines such as IL-1, IL-2, IFN-c,

and TNF activating cellular immunity to provide defense

against many kinds of infection and some kinds of neo-

plastic disease, whereas enhance Th2 cytokines such as

IL-4, IL-5, IL-10 and IL-13 activating humoral immunity

and exacerbate allergy and many kinds of autoimmune

disease. Thus, it is biologically plausible that job stress

may change the number of lymphocyte subpopulations,

lymphocytic proliferation, NK cell activity, and the level of

neuroendocrine products, cytokines, and immunoglobulins.

To better understand the effect of job stress on the immune

system, we designed and conducted a longitudinal study with

repeated measures of multiple immuno-biomarkers. Most

previous studies utilized cross-sectional design, too few data

points to take temporal variability into account, and

measured only several immuno-biomarkers. Thus, more

well-designed studies with repeated measures and multiple

biomarkers are required to elucidate the causal relationship

between job stress and immunological response.

In this context, this exploratory longitudinal study has

been designed to adapt multiple measures of extensive

immune-biomarkers in the evaluation of the effect of job

stress. Cellular and humoral immuno-biomarkers have

been selected with consideration of biological mechanisms,

previous studies reported, and experimental methods
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available, and were evaluated for the association with job

stress in nurses who are considered to be under partic-

ularly high stress. The choice of job stressors was based

on research in the fields of occupational stress and

nursing; Quantitative work load, quality of interpersonal

relationship and control (job decision latitude) are sup-

ported in both fields of research as domains related to

job stress (Celentano and Johnson 1987). The specific

contribution from the field of nursing is the stressor of

dealing with factors related to death and dying (Hay and

Oken 1972; Grey-Toft and Anderson 1981; Numerof and

Abrams 1984). Considering that several reviews of the

workplace stress literature have called for studies which

collect both objective and subjective measures (Jick and

Burke 1982; Payne et al. 1982; Kasl 1986; Hurrell et al.

1998), selected job stressors were partitioned into

objective and subjective components using a modified

version of the model developed by the National Institute

for Occupational Safety and Health (NIOSH) (Douglas

1992).

Methods

Subject Selection

Source population

We selected nurses as our study subjects considering that

nurses’ job stress level is relatively higher while job sat-

isfaction is lower compared to other occupational group,

and that nurses are easy to access for recruitment and to

collect biological samples and questionnaire data. The

source population consisted of nurses working at a major

university hospital. A total of 46 in-patient nursing units

(unit size: 8–83 nurses) were classified into high (Cme-

dian) and low (\median) objective stress work areas based

on the sum of scores of the objective criteria (death/dying,

work load, decision/control, and interpersonal relations)

(Table 1). The scale of actual data for the four job stressor

categories were adjusted to have the same maximum scores

(i.e., 100) to have equal weight, and then summed up to

generate sum of scores.

Detailed explanations for job stress scales

Detailed explanations for the indices and scales for each

job stressor are available in Douglas (1992). Objective data

were computer data on staffing, patient status, and the

number of patient deaths maintained by the hospital and

ratings from the nurse managers and shift coordinators. (1)

Death/dying: Objective data for statistics related to death

and dying was the actual count of patient deaths per

nursing unit from January to September 1990. (2) Work

load: The objective measure of work load was determined

by two separate measures; staffing patterns and the case

mix index. If a unit has the designated number of staff

working during a shift, the staffing number for that period

of time would be ‘‘0’’, indicating that the staffing

requirement had been met. Case mix was a proxy measure

for how much ill the patients were on each unit. Case mix

represented the utilization of resources by the units’ patient

population. (3) Decision and control: The scale for control

over the content of work developed by Greenberger (1981)

was given to the nurse manager of each nursing unit and

the day and evening supervisor responsible for each func-

tional unit. The objective measure of control for each

nursing unit was the median of the ratings from them. (4)

Interpersonal relations: The objective measure for inter-

personal relations was the median score from the Rahim

(1983) scale. The objective score for each nursing unit was

determined by the median score from the nurse managers

and supervisors.

Subjective data for the four domains were collected in a

questionnaire given to all nurses in the population sample.

(1) Death and dying: Numerof and Abrams (1984) and

Table 1 The criteria and data by which the nurses were grouped into high and low stress groups (Douglas 1992)

Variable Objective (nursing unit based data) Subjective (individual based data)

Death and dying Actual count of patients death per nursing

unit

Score from 14-item scale (Numerof and Abrams 1984; Grey-Toft

and Anderson 1981) assessing stress associated with caring

for terminal patients

Work load Data on staffing patterns and the case mix

index

Score from Caplan (1975) scale (4 items) assessing speeds,

quantity, and pace of work

Decision and control Median score of the Greenberger (1981) scale

(16 items) from the head nurses and

supervisors for that nursing unit

Score from Greenberger (1981) scale (16 items) assessing control

over the variety of tasks performed, content of the work,

performance of others, decision making in the work setting, etc.

Interpersonal relations Median score of the Rahim (1983) scale

(16 items) from the head nurses and

supervisors for that nursing unit

Score from Rahim (1983) scale (16 items) assessing intragroup

and intergroup conflict
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Grey-Toft and Anderson (1981) developed scales assessing

the frequency and stress associated with caring for terminal

patients, discussing issues of death and dying with patients

and families, and participation in emergency situations

resulting in death. The internal constancy of the Numerof

and Abrams (1984) scale was 0.89, and exceeded 0.70 for

the Grey-Toft and Anderson (1981). (2) Work load: The

subjective measures of work load was determined by

Caplan’s scale (1975) containing four items assessing

speed, quantity, and pace of work rated on a five-point

Likert scale. This scale has an internal consistency of 0.85.

(3) Decision and control: This was determined using a

sixteen-item scale developed by Greenberger (1981)

assessing control over the variety of tasks performed,

influence over the hours worked, content of the work,

performance of others, decision making in the work setting,

etc. This scale, measured on a five-point Likert scale

ranging from ‘‘very little’’ to ‘‘very much’’, has an internal

consistency of 0.90. (4) Interpersonal relations: The sub-

jective measure was a sixteen-item scale of Conflict at

Work (Rahim 1983) measured on a five-point Likert scale

from ‘‘strongly disagree’’ to ‘‘strongly agree’’. The scale is

partitioned into a measure of intra-group conflict with an

internal consistency of 0.86, and intergroup conflict with an

internal consistency of 0.85.

Classification of each job stress group and selection

of subjects

Among registered nurses at the hospital (n = 1,043), 514

nurses (response rate: 49%) participated in a voluntary job

stress survey providing the individual based data (Numerof

and Abrams 1984; Grey-Toft and Anderson 1981; Caplan

et al. 1975; Greenberger 1981; Rahim 1983) used for

subjective job stress classification purposes (see Table 1).

Based on the sum of scores of the four subjective criteria,

the subjects were categorized into high (Cmedian) and low

(\median) subjective stress group. Nurses were further

classified based upon their agreement with the objective

classification of the work unit (Greenberger 1981; Rahim

1983), for use in developing high objective low subjective

and low objective high subjective groups. In all, four

groups of nurses were identified: high objective/high sub-

jective stress, low objective/high subjective stress, high

objective/low subjective stress, and low objective/low

subjective stress group. In this pilot study, we decided to

select ten volunteers, approximately 10% from each group,

as non-random sample. All the procedures of this study

were reviewed and approved by Johns Hopkins University

School of Medicine, and all subjects gave informed con-

sents prior to participate in this study.

Subjects were asked not to volunteer if they had con-

ditions which likely affect their immune systems such as

rheumatoid arthritis, thyroid disorder, cancer, systemic

lupus erythematosus (SLE), myasthenia gravis, Graves’

disease, scleroderma, or infection with HIV. This initial

self-screening was verified as part of the administration of

health status questions in the initial questionnaire to the 40

accepted volunteers.

All but one of the forty female subjects remained in the

study throughout the study period (December to August)

and when she left her job, she was replaced by another

nurse from the same group. Thus, data were actually col-

lected on 41 subjects. Even though one participant dropped

out and was replaced by another nurse, they were treated as

two different subjects and analyzed as such.

All of the nurses in this study were premenopausal

women aged between 22 and 43 (Table 2). The mean age

was 29.9 and median age was 28.

Blood and saliva sampling

Blood and saliva samples were collected at least 1 h after

meals for each of the nurses. Venipuncture was performed

monthly at the hospital by a phlebotomist. Approximately

23 cc of blood was drawn from the antecubital site by

vacutainer containing heparin anticoagulant. After centri-

fugation, cells and serum were separated and aliquots of

lymphocytes and sera were evaluated with a panel of

immunologic tests.

Whole saliva samples were collected weekly for 5 min

into sterile 15 ml conical plastic tubes; the samples were

stored at -80�C and shipped on dry ice in weekly batches

to the NIOSH laboratory for analyses.

Enrolment of all subjects did not initially take place in

the same week, but instead took place over the course of

several weeks with the result that the first and successive

weeks were not identical to the same calendar weeks for all

subjects. It was decided, after the study had started, that it

would be a stronger design to have data collection and

calendar weeks as the same for all subjects, so at 6 weeks

were made to conform.

Immunological measurements

All analyses were conducted blinded to stress group of

each subject.

Natural killer (NK) cell cytolytic assay

An in vitro cytotoxicity assay using 51Cr-labeled Yac-1

cells was used. Splenocytes were adjusted to

1 9 107 cells/p ml in complete medium (RPMI, 10%

fetal calf serum, 50 IU penicillin, and 50 lg streptomy-

cin). After 4-h incubation at 37�C and 5% CO2, 25 ll of

supernatant was transferred to a 96-well plate containing
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solid scintillant. Plates were air dried overnight, and

then, after a 10-min dark delay on the Packard Top

Count, counted for 5 min. The results are expressed in

lytic units per 107 splenocytes using 10% lysis as the

reference point.

Number of white blood cells (WBC)

Number of white blood cells including T lymphocytes

(CD3, CD4, CD8, CD4/CD8 ratio), B lymphocytes (CD20)

and natural killer cells (CD56) were measured by immu-

nofluorescence staining and flow-cytometry analysis.

Lymphocytic proliferation to mitogens or toxoid

Lymphocytic proliferation to mitogens (concanavalin A,

phytohemagglutinin, and pokeweed) and toxoid (tetanus)

was measured by radioimmunoassay. Peripheral blood T

lymphocyte cells were separated by Ficoll-Paque density-

gradient centrifugation, and washed in RPMI 1640. [3H]

TdR incorporated into cells was measured using a liquid

scintillation counter (Packard, Meriden). The results were

expressed as average cpm. Based on cpm numbers

obtained, the delta-cpm was calculated as cpm incubated

with mitogen or toxoid minus 3-day (phytohemagglutinin

Table 2 Selected characteristics of subjects [n (%)]

Variable Category All Objective stress Subjective stress

Low

(n = 20)

High

(n = 21)

Low

(n = 20)

High

(n = 21)

Age 22–29 21 (55) 9 (45) 12 (67) 9 (50) 12 (60)

30–43 17 (45) 11 (55) 6 (33) 9 (50) 8 (40)

Smoking No 27 (71) 13 (65) 14 (78) 12 (67) 15 (75)

Yes 11 (29) 7 (35) 4 (22) 6 (33) 5 (25)

Marital status Married 19 (50) 10 (50) 9 (50) 8 (44) 11 (55)

Single/never married 16 (42) 8 (40) 8 (44) 9 (50) 7 (35)

Single/divorced 1 (3) 1 (5) – – 1 (5)

Living together 2 (5) 1 (5) 1 (6) 1 (6) 1 (5)

Currently taking medicines at baseline No 14 (28) 8 (42) 6 (33) 12 (67) 2 (11)

Yes 23 (62) 11 (58) 12 (67) 6 (33) 17 (89)

Oral contraceptive use No 26 (72) 14 (74) 12 (71) 12 (71) 14 (74)

Yes 10 (28) 5 (26) 5 (29) 5 (29) 5 (26)

Family history of immune system disease No 36 (95) 20 (100) 16 (89) 17 (94) 19 (95)

Yes 2 (5) – 2 (11) 1 (6) 1 (5)

Job title Graduate/clinical nurse 21 (57) 9 (47) 12 (67) 12 (67) 9 (47)

Clinical nurse masters/senior clinical nurse 16 (43) 10 (53) 6 (33) 6 (33) 10 (53)

Work shift Rotating, 8 h 14 (36) 10 (50) 4 (22) 4 (22) 10 (50)

Rotating, 12 h 9 (24) 1 (5) 8 (44) 5 (28) 4 (20)

Permanent day 4 (10) 3 (15) 1 (6) 3 (16) 1 (5)

Permanent evening 1 (3) 1 (5) – 1 (6) –

Permanent night 1 (3) – 1 (6) – 1 (5)

Other 9 (24) 5 (25) 4 (22) 5 (28) 4 (20)

Hours worked per week 30–35 4 (11) 2 (11) 2 (11) 3 (17) 1 (5)

36–40 31 (84) 15 (78) 16 (89) 14 (78) 17 (90)

41–45 2 (5) 2 (11) – 1 (5) 1 (5)

Hours worked overtime per week 0 16 (42) 6 (30) 10 (56) 11 (61) 5 (25)

1–5 18 (47) 12 (60) 6 (33) 5 (28) 13 (65)

6–10 4 (11) 2 (10) 2 (11) 2 (11) 2 (10)

Job continuity at current job (year) B2 11 (29) 7 (35) 4 (22) 7 (39) 4 (20)

B4 11 (29) 5 (25) 6 (33) 5 (28) 6 (30)

B10 11 (29) 4 (20) 7 (39) 4 (22) 7 (35)

10[ 5 (13) 4 (20) 1 (6) 2 (11) 3 (15)

Note: Total 38 participated in the first survey for subject characteristics

Int Arch Occup Environ Health (2010) 83:779–789 783

123



and concanavalin A) or 5-day (pokeweed mitogen and

tetanus toxoid) control cpm.

Serum levels of cytokines: hydrocortisol, IL-1b, IFN-c, and

TNF-a

Serum levels of hydrocortisol, IL-1b, IFN-c, and TNF-a
were measured by enzyme-linked immunosorbent assay

(ELISA) according to manufacturer’s manual (R&D Sys-

tems, Minneapolis, MN).

Salivery IgA

Saliva samples were analyzed in a ‘‘blind’’ fashion for

concentrations of total secretory IgA (sIgA) and end-point

titers of specific sIgA against five combined strains of

E. coli cell wall antigens [lipopolysaccharides (LPS)]

adjusted for total protein concentration (mg/ml), and sali-

vary flow rate (ml/min). A modified ELISA method was

used to measure both total and specific sIgA antibodies in

the whole saliva samples. Detailed procedures were

described in previous study (Henningsen et al. 1992).

Statistical analyses

Each individual had up to 9 data points for immunological

measures of blood and up to 33 data points for immuno-

logical measures of saliva and weekly psychosocial vari-

ables. For salivary measures data, all measurements from

week 1 to 5 were excluded from the analysis because of a

change in procedure that was implemented after the 5th

week of the study. However, all data were used for monthly

immunological measures. Immunological data collected

were analyzed by repeated measures analysis of variance

(ANOVA) controlling for age and smoking to evaluate if

mean values are different between low and high objective

groups, or low and high subjective groups. In the model of

repeated measures ANOVA, time has been included as one

of explanatory variables (1, 2, 3, 4, 5, 6, 7, 8, and 9 for

monthly measurement, 1, 2, 3,…, and 28 for weekly

measurement). When the distribution of response variable

deviates from normal distribution, transformation such as

log transformation was performed to have normal distri-

bution, and then tested for its statistical significance.

Repeated measures ANOVA were conducted using Sta-

tistical Analysis Software (SAS v. 9.1) with the procedure

of Proc Mixed with proper covariance matrix option.

Selected results of repeated measures ANOVA were rep-

resented as graphs showing the variation over time with

mean values and standard errors in the form of error bars.

Additional adjustment for other covariates such as cur-

rently taking medicines at baseline was conducted as sen-

sitivity analysis.

Given this was a pilot study, we considered the results

with statistical significance of 0.1 as noteworthy, and

decided not to consider the probability of false positive

associations.

Results

Among the subjects, current smokers were 29%, and

average number of cigarettes smoked per day was 2. Half

of them were married, while most of the rest were single

and had never been married. With regard to job charac-

teristics, Table 2 shows that half of the subjects were

clinical nurses, and most of the rest were senior clinical

nurses. Only three were working part-time, while the others

were all working full-time. The majority of the nurses

worked some amount of overtime during a typical week.

The mean time that the subjects had been at their current

job was about four and a half years.

The levels of cellular (Table 3) and humoral immuno-

biomarkers (Table 4) were compared by objective and

subjective stress groups. In terms of cellular immuno-bio-

markers, the level of white blood cells was lower among

high objective stress group (median, 7,170/m3; range,

5,386–10,057) compared with that among low objective

stress group (8,063; 5,888–9,875) (P = 0.03), however, no

other cellular blood variables were found to be significant.

In terms of humoral immuno-biomarkers, the level of TNF-a
was moderately lower among high objective stress group

(1.7 ng/ml; 0.3–2.7) compared with that among low

objective stress group (2.2; 0.5–3.5) (P = 0.07), whereas

the level of total sIgA was significantly higher among

higher objective stress group (72.9 end-point titer/mg/ml/

min; 14.4–153.4) compared with that among low objective

stress group (44.8; 9.9–123.8) (P = 0.02). However, no

significant association was found with regard to subject

stress. Significant results were represented graphically in

Fig. 1.

Additional adjustment for other covariates such as cur-

rently taking medicines at baseline tended to attenuate the

statistical significances, however, the results remained

similar.

Discussion

The results of this study suggest that psychological job

stress is related to several immuno-biomarkers such as

WBC, TNF-a, and total salivary IgA.

In the present study, the number of WBC was reduced in

objectively high stress group compared to low stress group,

while there was no effect on the level of lymphocytes (i.e.,

T cells, B cells, and NK cells). Thus, lower levels of WBC
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might be largely due to reduction of granulocytes, which

are the most common white blood cells and participate in

innate immunity. Reduction of granulocytes in this study

may be possibly interpreted as Th1-to-Th2 shift by chronic

stress repressing the production of proinflammatory cyto-

kines. However, further study is warranted given the con-

trasting results that cutting whiskers of mice increased the

granulocytes/lymphocytes ratio (Wang et al. 2007) and that

the average WBCs were associated with driving time in

taxi drivers (Chen et al. 2005).

In terms of T lymphocytes, Scanlan et al. (1998)

reported that caregiver men had fewer CD4? and CD8?

cell counts than did control men, but not in women, sug-

gesting that gender difference might be considered in

interpreting the results of cellular immuno-biomarkers.

Given that the difference in subpopulations of CD4? or

Table 4 Summary statistics of humoral immuno-biomarkers by objective and subjective stress group

Objective stress Pa Subjective stress Pa

Low (n = 20) High (n = 21) Low (n = 20) High (n = 21)

Median Range Median Range Median Range Median Range

Hydrocortisol ng/ml 25.2 16.9–52.3 27.0 15.2–52.3 0.98 27.9 16.9–52.3 23.8 15.2–37.1 0.18

IL1b ng/ml 427.3 100–2,403 446.9 116.7–1,254 0.12 411.6 100–1,743.1 486.6 200–2,403 0.50

IFN–c ng/ml 19.2 5.1–60.6 11.4 2.4–48.8 0.12 15 2.6–48.8 13.4 2.4–60.6 0.74

TNF–a ng/ml 2.2 0.5–3.5 1.7 0.3–2.7 0.07 2 0.3–3.2 2 0.5–3.5 0.45

Total sIgA EP/mg/ml/minb 44.8 9.9–123.8 72.9 14.4–153.4 0.02 56.7 14.4–153.4 42.2 9.9–145.8 0.58

Specific sIgA EP/mg/ml/minb 58.2 8.8–372.1 54.7 23.3–212.2 0.31 49.8 8.8–209.7 67.6 23.7–372.1 0.16

a Calculated by repeated measures ANOVA (analysis of variance) adjusting for age and smoking
b Endpoint titers of IgA corrected by protein amount (mg/ml) and volume (ml/min)
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Fig. 1 Selected immuno-biomarkers and job stress in nurses were

represented with error bars showing the standard errors at each data

points. Repeated measures ANOVA adjusting for age and smoking

showed that high objective stress was associated with lower level of

white blood cells (P = 0.03), TNF-a (P = 0.07), and total salivary

IgA (P = 0.02)
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CD8? have been reported by the level of job stress among

nurses, 72% of whom were women (De Gucht et al. 1999),

subpopulations also need to be considered.

No association was found between job stress and NK

cell population among nurses, or activity in this study was

inconsistent with the result of previous studies in which

professional stress in nurses reduced the population of NK

cells (De Gucht et al. 1999) or NK cell activity (Morikawa

et al. 2005). Meta-analysis has also showed a decrease in

NK cell activity with chronic life stress (Herbert and Cohen

1993; Zorrilla et al. 2001). There were no significant results

for a number of subpopulations of lymphocytes including

NK cells in this study, which could be partly explained by

small number of subjects. Thus, lager study is needed to

elucidate whether the effect of job stress is immediate on

the population of immune cells or not.

Our finding that the level of TNF-a, a major pro-

inflammatory mediator (Bazzoni and Beutler 1996), was

lower among high objective stress group compared with

low stress group in this study might be interpreted

according to the Th1-to-Th2 model. TNF-a is known to

play a role as Th1 cytokine (Marshall et al. 1998), thus

reduced level of TNF-a may favor the humoral immune

function. Consistently, Amati et al. (2010) has recently

reported that the levels of TNF-a best reflected the change

of psychological stress among nurses. We note that the

same pattern was found for IFN-c, i.e., another Th1 cyto-

kine, though it was not statistically significant in our study,

which was also consistent with Amati et al. (2010). How-

ever, further investigations are needed to evaluate whether

TNF-a best reflects job stress among nurses or not, and to

elucidate the underlying molecular mechanisms.

The results of this study show that sIgA might be a

useful immuno-biomarker for job stress. The humoral

components of the immune system, which defend the body

against invading bacteria and other toxic substances,

involves the production and release by lymphocytes of five

types of immunoglobulins (IgA, IgG, IgD, IgE, and IgM).

Among these, IgA plays a particularly important role in

protecting the body against upper respiratory infections.

The collection of saliva in a field setting as a basis for

examining immune functioning effects seems particularly

workable and relatively non-invasive, encouraging its

greater use in such studies, although the variation was

relatively large. The result of salivary IgA in this study is

consistent with Henningsen et al. (1992) which reported

that as the job stress in nurse increase, secretion of salivary

IgA also increased. Endresen et al. (1987) also found the

positive relationship between nurses’ job stress (i.e., role-

stress and nonparticipation in decision making) and the

level of serum IgA. However, other studies conducted by

Yang et al. (2002) and Ng et al. (1999) reported contrasting

results: i.e., among the nurses in emergency department or

surgical wards/operating theaters, the levels of salivary IgA

and lysozyme were lower compared with those of the

nurses in general department. Given that chronic stress may

cause Th1-to-Th2 model shift in immune system (Iwakabe

et al. 1998; Marshall et al. 1998; Salak-Johnson and

McGlone 2007), increased level of salivary IgA among

high objective stress group could be explained by enhanced

Th2 cytokines activating humoral immunity. In addition,

the level of salivary IgA was corrected for total protein

concentration, and salivary flow rate in our study. The

effect of job stress on the level of IgA needs to be inves-

tigated with the consideration of accurate measurement of

IgA and exact assessment of job stress.

It is noteworthy that the differences were observed when

comparing objective groups instead of subjective groups.

Due to the variation in subjective feeling, objective

grouping could be more indicative as the chronic status of

job stress. The stress can be caused by an environmental

condition which can be objectively defined and measured,

but a subjective perception or appraisal of such an objec-

tive environmental condition may be different. Previous

studies have favored the operational definition of stress as a

subjectively appraised condition. However, several reviews

of the workplace stress literature have called for collecting

both objective and subjective measures, with the pairing of

subjective measures with objectively established environ-

mental conditions (Jick and Burke 1982; Payne et al. 1982;

Kasl 1986; Hurrell et al. 1998). To elucidate the chronic

effect of job stress, sufficient sample size, repeated mea-

sures, comprehensive immuno-biomarkers, and more

accurate measurement of job stress is required to be

conducted.

The strengths of this study are that the number of data

points over time is larger than previous studies, and a

relatively large number of assays were conducted on the

multiple specimens of blood obtained from subjects.

However, the result of this study should be interpreted

cautiously. Limitations of our study include small number

of subjects, not measuring the immunoglobulins other than

IgA, missing data points, etc. Our study may have not

found significant difference due to the lack of statistical

power, either. Potential bias in terms of subject selection

and confounding by uncontrolled variables should also be

taken into account. Even though we collected samples

within 1 h after meals, measurement bias may have

occurred due to uncontrolled exact sampling time. Also,

our subjects may not represent any larger group of people,

due to a convenient sampling and low response rate.

Therefore, it is important to attempt to replicate the find-

ings in other studies of job stress and immunological

biomarkers.

In conclusion, this exploratory longitudinal study with

repeated measures of multiple immunological biomarkers
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suggests that job stress of nurse is related to different levels

of WBC, TNF-a, and total salivary IgA. However, more

well-designed study with large sample size, multiple data

points in time, and multiple immuno-biomarkers need to be

conducted.
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