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4 Immune function and immune regulation in patients
with work-related stress*

Abstract

Background: Prolonged stressor exposure can lead to changes in the physiological stress-system.
We investigated whether work-related stress was associated with changes in immune function-
ing, Hypothalamic-Pituitary-Adrenal (HPA) axis functioning, and/or interrelations between these
physiological stress-subsystems. Method: Sixty patients on sickness leave because of work-related
stress and 43 healthy participants were compared on the immune measures immunoglobulin G
(IgG) against Epstein-Barr virus (EBV) and C-reactive protein (CRP), and on the HPA axis indica-
tors cortisol and dehydroepiandrosterone-sulphate (DHEAS). We assessed morning values and
midday levels of cortisol and DHEAS. Neuroendocrine and immune measures were determined
in saliva. Results: No between-group differences in immune and neuroendocrine measures were
found. However, in patients, midday levels of DHEAS and the DHEAS awakening response were
positively associated with anti EBV IgG levels, while no such associations were found in healthy
individuals. In addition, in patients, no association was found between the cortisol awakening re-
sponse (CAR) and the level of CRP, while in healthy individuals a positive association was ob-
served between these measures. Conclusion: No evidence was obtained for changes in immune- or
HPA axis-functioning in relation with work-related stress. However, a clinical level of work-related
stress was characterised by altered immunomodulation by cortisol and DHEAS. The results sug-
gested presence of glucocorticoid resistance in patients and involvement of DHEAS in the suppres-

sion of cellular immunity.

* de Vente, W,,Olff, M., van Amsterdam, J.G.C., Kamphuis, ].H. & Emmelkamp, PM.G.
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Work-related stress is a state that results from prolonged exposure to work-related stressors. Pro-
longed or chronic stress has been associated with various health complaints including common
infections and rheumatoid arthritis (e.g., Davis et al., 2008; Mohren, et al., 2003; Heim, Ehlert &
Hellhammer, 2000). Associations between chronic stress and these health complaints suggest the
presence of immune dysregulation. Indeed, ample evidence supports the hypothesis for immune
dysregulation in association with chronic stress (Brosschot et al., 1994; Kiecolt-Glaser, McGuire,
Robles & Glaser, 2002; Segerstrom & Miller, 2004). For work-related stress, evidence for immune
dysregulation is accumulating. For example, adverse psychosocial working conditions and burnout
complaints have been demonstrated to be associated with immune changes (Bargellini et al., 2000;
Grossi, Perski, Evengard, Blomkvist & Orth-Gomér, 2003; Lerman et al., 1999; Nakamura, Nagase,
Yoshida & Ogino, 1999; Schnorpfeil et al., 2003; Toker, Shirom, Shapira, Berliner & Melamed, 2005).

The association between prolonged work-related stress and immune changes is expected since
on the association between physiological stress systems and the immune system has been well es-
tablished (Elenkov & Chrousos, 2006; Elenkov, Wilder, Chrousos & Vizi, 2000; Sapolsky, Romero
& Munck, 2000; Uchino, Smith, Holt-Lunstad, Campo & Reblin, 2007). General stress theories,
including the model of allostatic load (McEwen & Wingfield, 2003), state that prolonged exposure
to stressors may result in changes in the physiological stress systems. These physiological stress
systems consist of a) the sympathetic system, which includes the sympathetic-adrenal-medullary
(SAM) axis, and b) the hypothalamic pituitary adreno-cortical (HPA) axis (McEwen & Wingfield,
2003; Sterling & Eyer, 1988). Prolonged exposure to stressors is considered to result in enhanced
sympathetic and HPA axis activity, resulting in enhanced levels of catecholamines and cortisol
(McEwen & Wingfield, 2003). Over time, a hyperactive sympathetic and HPA axis are hypoth-
esised to undergo functional changes, resulting in normalised catecholamine levels (Julius, 1994)
and reduced cortisol levels (Fries, Hesse, Hellhammer & Hellhammer, 2005). Thus, when exposed
to prolonged stressors, the immune system is affected as a result of dysregulation of the sympa-
thetic system and/or the HPA axis.

Generally, elevated levels of catecholamines and cortisol result in suppression of the inflamma-
tory response and cellular immunity, and in enhancement of the anti-inflammatory response and
humoral immunity (Elenkov et al., 2000; Elenkov & Chrousos, 2006; Segerstrom & Miller, 2004;
Sapolsky et al., 2000). Conversely, a reduced level of cortisol is associated with enhanced inflam-
mation and cellular immunity, and with reduced anti-inflammatory responses and humoral im-
munity (Elenkov et al., 2000; Elenkov & Chrousos, 2006; Sapolsky et al., 2000). Whether the effect
of reduced cortisol on immune functioning is depending on catecholamine levels is not clear yet.

Several studies have documented results in accordance with immunosuppressive effects of cor-
tisol and/or a shift towards more dominant humoral immunity in relatively healthy samples with
work-related stress. For example, the burnout dimension Depersonalisation has been associated
with lower cellular immunity, as indicated by reduced natural killer cell activity (Nakamura et al.,
1999). Likewise, lower professional accomplishment was associated with lower cellular immunity,

as reflected by lower numbers of total lymphocytes, T-cells, T-helper cells, and T-suppressor cells
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(Bargellini et al., 2000). In addition, adverse psychosocial working conditions were associated with
reduced cellular immunity and enhanced humoral immunity as indicated by a lower level of T-
lymphocytes and T-helper lymphocytes, and a higher level of immunoglobulin G (IgG; Nakata et
al., 2000).

Interestingly though, several findings suggest that burnout complaints in relatively healthy sam-
ples are associated with enhanced inflammatory activity, instead of the expected reduced inflam-
matory activity. For example, burnout complaints appeared to be associated with elevated leuko-
cyte adhesiveness/aggregation (LAA; Lerman et al., 1999), elevated C-reactive protein (CRP; Toker,
etal,, 2005), or elevated tumor necrosis factor (TNF)-a (Grossi et al., 2003). Likewise, adverse psy-
chosocial work-conditions were associated with elevated CRP (Schnorpfeil et al., 2003). Further-
more, among patients with coronary heart disease (CHD), vital exhaustion, a construct closely
related to emotional exhaustion, was associated with elevated levels of the pro-inflammatory cy-
tokines IL-1p and TNF-a (Appels, Bér, Bér, Bruggeman & de Baets, 2000). It has been proposed
that this elevated inflammatory activity is due to mildly enhanced HPA axis activity (Schnorpfeil et
al., 2003).

To date, only one study has investigated the immune function in patients with a clinical level of
work-related stress (Mommersteeg et al., 2006a), as defined by presence of the burnout syndrome
and impaired daily functioning. Mommersteeg et al. found enhanced anti-inflammatory activity as
demonstrated by an increased production of interleukin-10 (IL-10), which supports a shift towards
higher anti-inflammatory activity.

In the present study, HPA axis activity and the immune function were investigated in associa-
tion with a clinical level of work-related stress by comparing patients with work-related stress with
a healthy reference group. Furthermore, group differences in immune regulation by the HPA axis
were investigated. Parameters of the immune function examined were IgG against Epstein-Barr
virus (EBV) and C-reactive protein (CRP). A higher level of anti-EBV IgG is a sign of poorer cel-
lular immunity (Cacioppo et al., 2002) and a higher level of CRP is a marker of cytokine-mediated
inflammation (Black, 2002). Indicators of HPA axis activity were cortisol and dehydrepiandros-
terone-sulphate (DHEAS). DHEAS, the sulphated form of the steroid dehydrepiandrosterone
(DHEA), is a relatively novel measure in stress research. DHEA is also released by the adrenal
cortex (Kroboth, Salek, Pittenger, Fabia & Frye, 1999). DHEA has been proposed to have immu-
nopotentiating effects (Chen & Parker, 2004; Kroboth et al., 1999). Indeed DHEA appears to be
related to activity of the immune function (Bauer, 2008; Ledochowski, Murr, Jager & Fuchs, 2001).
Although the exact function and target tissue of DHEA in the stress-response is not clear yet, it has
been suggested that DHEA levels provide a good index of adrenal steroidogenic capacity (Huck-
lebridge, Hussain, Evans & Clow, 2005). Since cortisol and DHEA appear to have opposite effects
on the immune function, DHEA has been proposed as a functional cortisol antagonist (Chen &
Parker, 2004; Goodyer, Park, Netherton & Herbert, 2001; Hechter, Grossman, & Chatterton, 1997).
Studying DHEA in addition to cortisol could thus enhance insight in the immunoregulatory influ-
ence of the HPA axis.
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Evidence so far regarding DHEA or DHEAS in association with prolonged stress is inconsist-
ent. DHEAS levels appeared to be similar in relatively healthy samples with high- and low levels of
burnout complaints (Grossi et al., 2003; Langelaan, Bakker, Schaufeli, van Rhenen & van Doornen,
2006; Moch, Panz, Joffe, Havlik & Moch, 2003). Chronic stress, though, has been associated with
a reduced level of DHEA (Vedhara et al., 2002), while elevated DHEAS was found in association
with post-traumatic stress disorder (Spivak et al., 2000) and a clinical level of work-related stress
(Mommersteeg et al., 2006a).

Based on our earlier findings in morning cortisol (de Vente, OIff, van Amsterdam, Kamphuis &
Emmelkamp, 2003), we predicted an elevated morning level of cortisol in the patient group. Fur-
thermore, since reduced DHEAS is commonly associated with poorer health (Goodyer, Herbert,
Altham, Pearson & Secher, 1996; Kroboth et al., 1999; van Niekerk, Huppert & Herbert, 2001), we
predicted a reduced level of DHEAS in the patient group. The higher prevalence of common infec-
tions associated with work-related stress suggests suppressed of cellular immunity. In addition, we
previously observed an elevated level of morning cortisol (de Vente et al., 2003), and found other
indications for a hyperactive state of the sympathetic system in patients with work-related stress
(Chapter 3; de Vente et al., 2003). We therefore anticipated observing suppression of cellular im-
munity and inflammatory responses resulting in elevated anti-EBV IgG and reduced C-reactive
protein (CRP) in the patient group. In line with expected changes in HPA and immune param-
eters, we expected to find evidence for disturbed immune regulation by the HPA axis in patients.
Therefore, group differences in the association between HPA axis activity and immune function

were explored.

Method

Participants

Sixty patients with work-related stress were recruited through occupational health practitioners
(n = 44), general practitioners (n = 3), and by self-referral (n = 13). Eligibility was based on a screen-
ing interview by telephone assessing presence of work-related stress complaints which was admin-
istered by a clinical psychologist. Subsequently, an intake procedure followed that consisted of a
semi-structured diagnostic interview, which was conducted by a clinical psychologist and com-
pletion of the Beck Depression Inventory (BDI; Beck & Steer, 1987). During the semi-structured
interview the complaint history was assessed and the Composite International Diagnostic Inter-
view (CIDI; World Health Organisation [WHO], 1997) was administered. Inclusion criteria were:
1) fulfilment of the symptoms of neurasthenia, i.e., continuous mental and/or physical fatigue and
increased fatigability, and at least two other stress complaints out of the following: dizziness, dys-
pepsia, muscular aches or pains, tension headaches, inability to relax, irritability, and sleep distur-
bance; 2) a primary role of (a) work-related stressor(s) in the development of complaints as judged
by the patient, the referring clinician, and/or the clinical psychologist; and 3) presence of impaired

daily functioning as indicated by (partial) sickness absence which had lasted at least two weeks but
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less than six months. Exclusion criteria were: 1) a primary diagnosis of major depression, social
phobia, panic disorder, somatoform disorder other than undifferentiated, posttraumatic stress dis-
order, obsessive-compulsive disorder, hypomania, or psychotic disorders, assessed with the short
version of the CIDI (WHO, 1997); 2) severe depressive complaints (i.e., conservatively defined as
> 25 on the BDI); 3) a traumatic event in the past six months; and 4) a medical condition that could
explain fatigue (e.g. diabetes); 5) excessive alcohol and/or drug use; and 6) pregnancy. The current
physiological study was a part of a comprehensive study about treatment effects on work-related
stress. Patients were again measured after a treatment phase of four months. Patients received re-
fund of travel expenses for the laboratory visit.

Forty-three healthy individuals were recruited by flyers in public places (e.g. libraries, supermar-
kets; n = 31) and among part-time working psychology students (n = 12). They were screened by tel-
ephone. Participants in good physical health and working for at least sixteen hours a week were in-
cluded in the study. Exclusion criteria were: 1) psychiatric illness as determined by the short version
of the CIDI (World Health Organisation, 1997); 2) currently taking sick leave; 3) a traumatic event
in the past six months; 4) a history of immune-, diabetic or other medical disease causing fatigue;

5) excessive alcohol and/or drug use; and 6) pregnancy. Healthy participants were paid 10 euro.

Procedure

The ethics committee of the Department of Psychology, University of Amsterdam, approved the
research protocol and all participants gave written informed consent. Patients received the ques-
tionnaire-booklet and the salivettes for saliva collection after the intake interview. Healthy partici-
pants received the questionnaire booklet and the salivettes by mail. Morning saliva was collected
on a weekday avoiding disturbing influences due to different sleeping habits in weekends. The
method of saliva collection was explained in a detailed instruction form. Participants also reported
the time of awakening and the time of collection of the four samples. Saliva for immune measures
was collected during a laboratory visit, which took place the day after the morning saliva collec-
tion. During this laboratory visit, a psychosocial stress procedure was conducted, which has been

documented elsewhere (de Vente et al., 2003).
Materials and Measures

Psychological measures and background variables

Burnout complaints were measured with the Maslach Burnout Inventory-General Survey (MBI-GS;
Schaufeli & van Dierendonck, 2000), which consists of three subscales: Emotional Exhaustion, Dep-
ersonalisation, and Professional competence. Items are scored on 7-point Likert scales (o = ‘never’
to 6 = ‘always/daily’) and mean subscale scores are calculated. Higher scores reflect higher levels of
emotional exhaustion, distance/cynicism, and professional competence. Cronbach’s alphas were .85
for Emotional exhaustion, .81 for Depersonalisation, and .75 for Professional competence in the pa-
tient sample. For healthy participants, Cronbach’s alphas were .83, .73, and .68, respectively.
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Distress complaints were defined as fatigue, depression, anxiety, and stress complaints. Fatigue
was measured with the subscale General fatigue of the Checklist Individual Strength (CIS; Beur-
skens et al., 2000). The subscale consists of eight items, which are scored on 7-point Likert scales
(1 = ‘false’ to 7 = ‘true’). Lower scores indicate lower levels of fatigue. Cronbach’s alpha in the cur-
rent sample was .90 in both the patient and healthy group. Depression, anxiety, and stress were
measured with the Depression, Anxiety, and Stress Scales (DASS; de Beurs, van Dyck, Marquenie,
Lange & Blonk, 2001). The DASS comprises three 14-item subscales referring to depressive, anxiety,
and stress complaints. Severity of complaints during the past week is rated on 4-point Likert scales
(o = ‘not at all/never applicable’ to 3 = ‘very much/most of the time applicable’). Higher scores
represent higher levels of complaints. In the patient sample, Cronbach’s alphas were .93 for Depres-
sion, .80 for Anxiety, and .92 for Stress. In the healthy sample they were .83 for Depression, .72 for
Anxiety, and .94 for Stress.

Presence and duration of a cold during the past week, Body Mass Index (BMI), smoking, hours
of sleep, and time of awakening were assessed by questionnaire. Time of awakening was dichot-
omised in before and after gam, according to Evans et al. (2005). They demonstrated that morning
cortisol levels were significantly lower for waking-up after gam compared to waking-up before
g9am. Women were also asked to report on menstrual phase, the use of oral contraceptives, and

pre-/postmenopausal status.

Neuroendocrine parameters and protocol

Cortisol and DHEAS were measured in saliva during the first hour after awakening, i.e., at awak-
ening, and at 30 and 60 minutes thereafter, and at midday. In addition, the cortisol awakening
response (CAR) and two ‘area under the curve’ (AUC) measures were calculated. The CAR was
defined as the highest cortisol-level in the hour after awakening (i.e., at 30 or 60 minutes after
awakening) minus the cortisol level at awakening. The CAR is considered to indicate adrenal ster-
oidogenic capacity (Schmidt-Reinwaldt et al., 1999). The AUC-measures were calculated accord-
ing to Pruessner et al. (2003), i.e., the total amount of cortisol (cort-AUC ground) and the cortisol
increase (cort-AUC rise). For calculation of the cort-AUC rise, we used the midday cortisol level as
a reference instead of the level at awakening.

DHEAS demonstrated pronounced morning dynamics, which were characterised by a strong
reduction after awakening. Therefore, the DHEAS awakening response (DAR) was calculated by
subtracting the lowest DHEAS-level in the hour after awakening (i.e., at 30 or 60 minutes after
awakening) from the level at the moment of awakening. This measure was used as another indica-
tor of adrenal steroidogenic capacity. Furthermore, also for DHEAS, two ‘area under the curve’
(AUC) measures were calculated, i.e., DHEAS-AUC ground and DHEAS-AUC rise. The cortisol
and DHEAS levels at midday (12.00am) were used as indices of basal HPA axis activity. The cor-
tisol/ DHEAS ratio was calculated for all morning samples, including the midday sample, as an
indicator of hormonal (im)balance (Goodyer et al., 2001).

Saliva was collected using cotton swabs (non-coated Salivettes™, Sarstedt, Niimbrecht, Ger-
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many). Participants were instructed to place it under the tongue or between cheek and teeth for
about three minutes. If the swab was not saturated, it was permitted to slowly move it around in
the mouth without chewing on it. Participants were instructed not to have breakfast or to brush
their teeth within 15 minutes before a sample was collected. All samples were centrifuged (5000 x g,

5 min.), divided in 0.5 ml aliquots and stored at -20°C until analysis.

Immune measures and protocol

Specific immunoglobulin-G (IgG) antibody titers against the latent Epstein-Barr virus (EBV) and
C-reactive protein (CRP) were determined in saliva collected in pre-stressor samples during the
laboratory session. Saliva was collected as described by Navazesh (1993). Following this method,
the participant refrains from swallowing for a period of four minutes, allowing the saliva to ac-
cumulate in the floor of the mouth. The saliva is spitted into a cup every 60 s. The collection starts
with the instruction to void the mouth of saliva by swallowing. Fifteen minutes before the first
saliva collection, the participant rinses the mouth with water. Saliva was homogenised by vigorous
shaking using a vortex mixer and clarified by centrifugation (10.000 x g., 4 min). The clear superna-

tant was divided in 0.5 ml aliquots and stored at -20°C until analysis.

Assays

Amounts of free cortisol and DHEAS were determined using enzyme-immuno assay (EIA). CRP
(ultrasensitive kit) and anti-EBV IgG (EBV VCA-IgG type) were examined by enzyme linked im-
munosorbent assay (ELISA). All kits were purchased from Diagnostic System Laboratories (DSL,
Veghel, The Netherlands). Anti-EBV IgG and CRP were examined after 2-fold dilution of the sa-
liva sample. The sensitivity of the cortisol, DHEAS, and CRP assay was 1 ng/ml, 0.08 ng/ml, and
1.6 ng/ml, respectively. All samples were assayed in duplo. Intra-assay variability of the cortisol,
DHEAS, anti-EBV IgG, and CRP was 2-10%, 4-6%, 3%, and 1.7-3.6%, respectively.

Statistical analyses

Some physiological data were missing due to insufficient saliva (cortisol: 3%, DHEAS: 11%, anti-EBV
IgG: 3%, CRP: 9%). Outliers (i.e., values + >3 SDs of the mean, for skewed variables: + >4 SDs of the
mean) were removed for each measure separately (<2%). Pearson correlations were calculated be-
tween the CAR, the DAR, midday cortisol, and midday DHEAS. Group differences in neuroendo-
crine measures, including the CAR and the DAR, and immune measures were assessed by analysis
of variance (ANOVA), using a one between-subjects factor (group) design. Group differences in
neuroendocrine levels during the first hour after awakening were investigated by ANOVA for re-
peated measures, using a one within- (time), one between- (group) subjects factor design. When the
assumption of sphericity was violated, Greenhouse-Geisser-adjusted results were presented. Group
differences in associations between neuroendocrine and immune variables were investigated using
regression analyses, by including the main effects of group and neuroendocrine variables and the

group x neuroendocrine variable interaction in the equation. When the group x neuroendocrine



86 SICK AND TIRED

variable interaction was statistically significant, separate coeflicients were reported for each group.
All analyses were adjusted for age, gender, and BMI. Because of positively skewed data, DHEAS,
cortisol/DHEAS, anti-EBV IgG, and CRP values were transformed (log, for neuroendocrine meas-
ures and sqrt for immune measures). Two-sided tests were performed, applying a significance level

of .05 for main effects and .10 for interaction effects. All analyses were conducted using SPSS 15.

Results

Sample characteristics

The patient- and healthy group differed with respect to gender distribution, x*(1) = 5.21, p = .023).
Furthermore, patients were four years older, #(101) = 2.19, p = .031, somewhat lower educated, #(101)
= -2.57, p = .012, seven hours more employed, #(66.4) = 4.14, p < .001, and had a somewhat higher
BMI than healthy participants t(99) = 2.71, p = .008 (see Table 1). Education did not appear to be a
confounder in the analyses of group differences in neuroendocrine and immune measures. Hence,
the presented results are not adjusted for education. Among patients, mean duration of sickness

absence was 8.88 (SD = 7.39) weeks. None of the healthy participants was on sickness leave.

Table 1: Characteristics of patients and healthy participants [mean (SD)/frequency (%)].

Patient (n = 60) Healthy (n = 43)

Gender (males/females) * 36/24 (60/40) 16/27 (37/63)
Age (years) * 41.23 (9.57) 37.02 (9.67)
Education (1-6) * 3.48 (1.55) 4.23 (1.32)
Employment (hrs/week) ® 35.78 (5.67) 29.44 (8.82)
Smoker (yes/no) 11/49 (18/82) 8/32 (20/80)
Having a cold during past week (yes/no) 12/45 (21/79) 13/25 (34/66)
Duration of cold (days) 2.25 (0.75) 3.15 (2.03)
Sleep duration (hours) 7.51 (1.30) 7.88 (1.14)
Time of awakening (< / > 9am) 51/6 (89/11) 34/8 (81/19)
Body mass index (kg / mtrs?) ® 25.11 (4.01) 23.14 (2.95)
Emotional exhaustion (MBI-GS, range: 0-6) 4.26 (1.30) 1.26 (0.80)
Depersonalisation (MBI-GS, range: 0-6) ° 2.91 (1.48) 1.41 (0.96)
Professional competence (MBI-GS, range: 0-6) 3.73 (1.06) 3.80 (0.86)
General fatigue (CIS, range: 8-56) * 41.88 (9.84) 21.12 (9.83)
Anxiety (DASS, range: 0-42) ° 7.35 (5.45) 2.35 (2.77)
Depression (DASS, range: 0-42) ® 13.09 (7.88) 3.84 (3.50)
Stress (DASS, range: 0-42) ° 18.56 (8.63) 7.16 (7.17)

Note: MBI-GS: Maslach Burnout Inventory — General Survey; CIS: Checklist Individual Strength; DASS:
Depression, Anxiety, and Stress Scales; * p< .05; ® p< .o01.
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Two patients (3%) used anti-depressive medication, four patients (7%) used an anxiolyticum,
and three patients (5%) used beta-blockers as anti-hypertensive medication. Five female patients
(21%) were using oral contraceptives. Healthy participants, except for eight women (30%) who
used oral contraceptives, were medication-free. Three women (13%) in the patient group (missing:
n = 1) were in the menstrual phase (day 1-6), four (17%) in the follicular phase (day 7-14), and 11
(46%) in the luteal phase (day 15-28). In the healthy group (missing: n = 4), the numbers were five
(19%), seven (26%), and seven (26%), respectively. Five patients (21%) and four healthy women
(15%) reported having passed their menopause. No statistically significant differences were found
in menstrual phase distributions or pre-post menopausal distributions.

Patients scored significantly higher on all complaints than healthy participants; effect sizes (i.e.,
Cohen’s d) were between 1.14 and 2.63, all p-values were < .001. An exception was noted for Pro-
fessional competence; the between-group effect was small (Cohen’s d = 0.11) and not statistically

significant.

Associations between indicators of the HPA axis

To the best of our knowledge, the DAR has not been used as an indicator of HPA axis activity be-
fore. As an initial step to validate this measure, it was related to conventional HPA axis indicators.
Associations between the CAR, the DAR, midday cortisol, and midday DHEAS are presented in
Table 2. The CAR is virtually unrelated to midday cortisol, which is consistent with previous re-
search (Schmidt-Reinwald et al,, 1999). The CAR is neither related to midday DHEAS. The DAR,
however, correlates considerably with midday DHEAS. Midday cortisol and midday DHEAS are
moderately related. Most interestingly, the CAR and the DAR are moderately associated, which
supports the idea that the DAR also reflects steroidogenic adrenal capacity.

Table 2: Pearson correlation coefficients between HPA axis indicators (N = 88).

1 2 3
1 CAR -

2 Midday cortisol 13 -

3 DAR 312 .20 -
4 Midday DHEAS .08 37° 55°

Note: CORT: cortisol; DHEAS: dehydroepiandrosterone-sulphate; CAR: cortisol awakening response; DAR:
DHEAS awakening response; * p< .05; ® p< .oo01.
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Group differences in immune measures

Mean anti-EBV IgG values were 0.48 AU (S.E.M. = 0.06, n = 56) for patients and 0.49 AU (S.E.M.
=0.08, 1 = 42) for healthy participants. Mean values of CRP were 6.14 ng/ml (S.E.M. = 0.51, nn = 55)
for patients and 5.94 ng/ml (S.E.M. = 0.47, n = 38) for healthy participants. No group-differences
emerged, anti-EBV IgG: F(1,93) = 0.442, p = .508; CRP: F(1,88) = 0.00, p = .961.

Group differences in HPA axis activity
Figures 1a-c depict mean values of cortisol, DHEAS, and cortisol/DHEAS during the morning.
Morning cortisol, DHEAS, and cortisol/ DHEAS values changed over time (p-values < .001). No
group-differences were found for midday cortisol, midday DHEAS, and midday cortisol/ DHEAS
values, or for change during the morning in any of these measures (Table 3).

The mean CAR was 2.69 ng/ml, S.E.M.= 0.55 (7.43 nmol/L, S.E.M.= 1.51) for patients, and
3.78 ng/ml, S.E.M. = 0.72 (10.44 nmol/L, S.E.M. = 1.99) for healthy participants. The mean DAR was
5.17 ng/ml, S.E.M. = 0.90 (14.05 nmol/L, S.E.M. = 2.45) for patients, and 5.40 ng/ml, S.E.M. = 1.01

a cortisol (ng/ml) b DHEAS (ng/ml) _
12 - —e— patient —e— patient
114 —=— healthy 7 —=— healthy
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Figures 1a-c: Means and standard errors of morning cortisol, DHEAS, and cortisol/DHEAS levels
(0, 30, 60 minutes after awakening, midday).
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Table 3: Test-results comparing midday values (ANOVA) and morning dynamics (ANOVA for re-
peated measures) of the neuroendocrine measures between the patient- and healthy group.

midday ? morning dynamics®
group group group*time
dls F  p dis F  p s F p
CORT L93 076  .386 L90 038 538 2.6,230.5 0.06  .972
DHEAS 1,89 153 219 1,83 0.07 787  2.8,231.6 131 272

CORT/DHEAS 1,89 0.84 .361 1,80 0.01 .930 2.8,220.6 1.28 284

Note: group: mean difference between the patient and the healthy group; group*time: interaction effects;
CORT: cortisol; DHEAS: dehydroepiandrosterone-sulphate; CORT/DHEAS: Cortisol-DHEAS ratio; * values
at 12.00am; ° values at awakening, 30 min. and 60 min. after awakening, and at 12.00am.

(14.67 nmol/L, S.E.M.= 2.74) for healthy participants. These differences were not statistically sig-
nificant, F(1,92) = 0.57, p = .451, and F(1,81) = 0.10, p = .759, respectively. No statistically significant
differences were found for the AUC measures, all p-values > .30. Analyses excluding participants
that failed to demonstrate a cortisol increase during the first hour after awakening (patients 29%,
healthy individuals 23%), which might indicate non-compliance (Broderick, Arnold, Kudielka &
Kirschbaum, 2004; Kudielka, Broderick & Kirschbaum, 2003), did not affect the statistical non-

significance of the results.

Group differences in neuroendocrine immune modulation

Group differences in associations between neuroendocrine and immune measures were examined.
To limit the number of analyses, a confined number of indices of neuroendocrine activity were
selected consisting of basal and capacity indicators of HPA axis functioning. These selected in-
dices were midday levels of cortisol, DHEAS, and the cortisol-DHEAS ratio, and the CAR and
DAR. Regarding cellular immunity, statistically significant interaction effects were found for group
x midday DHEAS on anti-EBV IgG and for group x DAR on anti-EBV IgG, indicative of group
differences in the associations between basal DHEAS and anti-EBV IgG and between the DAR
and anti-EBV IgG, respectively. Regarding inflammatory activity, a statistically significant inter-
action effect was found for group x CAR on CRP, which is indicative of a group difference in the
association between the CAR and CRP. For the other associations, no interactions with group were
observed, thus suggesting similar immunomodulatory effects among groups. For the significant
group differences in associations between neuroendocrine measures and immune measures, strat-
ified results are presented in Table 4. Regarding cellular immunity, a statistically significant positive
association was found in patients between midday DHEAS and anti-EBV IgG, while this associa-

tion was close to zero in healthy participants. Similarly, a statistically significant positive associa-
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Table 4: Stratified outcomes of the regression analyses associating neuroendocrine and immune
measures.

group n B CI B R t p
Anti-EBV IgG
midday DHEAS patient 52 0.07 0.01 — 0.12 0.32 .10 2.20 .030
healthy 41 -0.02  -0.09 - 0.05  -0.11 .01 -0.65 517
DAR patient 50 0.08 0.02 — 0.13 0.44 19 2.86 .005
healthy 35 0.01  -0.05-0.06  0.04 .00 0.25 .802
CRP
CAR patient 52 0.00 -0.04 — 0.04 0.01 .00 0.06 .956
healthy 38 0.06 0.01 - 0.10 0.39 15 2.60 .011

Note: DHEAS: dehydroepiandrosterone-sulphate; Cortisol/ DHEAS: Cortisol-DHEAS ratio; anti-EBV IgG;
anti-Epstein-Barr Virus immunoglobulin G; CRP: C-reactive protein; CAR: cortisol awakening response;
DAR: DHEAS awakening response.

tion between the DAR (i.e., a larger DHEAS reduction) and anti-EBV IgG was found in patients,
while this association was almost zero in healthy participants. Regarding inflammatory activity, a
statistically significant positive association was found in healthy participants, between the CAR

and CRP, while this association was absent in patients.

Discussion

The aim of this study was to investigate whether dysregulation of the immune function and the
HPA axis were associated with a clinical level of work-related stress, and to reveal potential changes
in neuroendocrine regulation of immune functioning. While no deviant levels of immune or
neuroendocrine parameters were observed, support was obtained for immune dysregulation in
patients with work-related stress. Regarding cellular immunity, basal DHEAS and the DAR were
positively related with anti-EBV IgG in patients, but not in healthy individuals. These outcomes
indicate that only in patients, higher basal DHEAS and a larger reduction of DHEAS after awaken-
ing, potentially indicative of larger adrenal steroidogenic capacity, were associated with reduced
cellular immunity. Regarding inflammatory activity, the CAR was positively associated with CRP
in healthy participants, but not in patients. These outcomes suggest that only in healthy partici-
pants, a stronger cortisol rise after awakening, indicative of larger adrenal steroidogenic capacity, is
associated with enhanced inflammatory activity.

The positive association between basal DHEAS and the DAR with poorer cellular immunity
(higher anti-EBV IgG) observed in patients may be counterintuitive in view of the presumed as-
sociation between higher DHEAS levels and better health, and the supposed immunopotentiating
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capacity of DHEAS. However, treatment of mice with DHEAS resulted in suppression of cellular
immunity as evidenced by a higher IL-10 production (Cheng & Tseng, 2000), which suggests that
high DHEAS levels may exert an immunosuppressive effect. Despite absence of between group-
differences in absolute DHEAS levels in the current study, this significant association indicates a
shift towards more anti-inflammatory activity and/or humoral immune activity in patients with
work-related stress. A role for DHEAS in the shift of immune activity towards more anti-inflam-
matory activity is also in line with recent findings of Mommersteeg et al. (2006a).

The positive association between the CAR and more inflammatory activity observed in healthy
participants may also seem surprising in view of the presumed anti-inflammatory effect of cortisol.
It has been suggested, though, that under certain conditions, corticosteroids can also have immu-
nostimulatory effects (e.g., Black, 2002). As noted previously, elevated cortisol has been observed
in combination with enhanced inflammatory activity in a relatively healthy sample (Schnorpfeil
et al,, 2003). Our most remarkable finding is the observed regulatory effect of glucocorticoids on
inflammatory activity in healthy participants, but not in patients with work-related stress. The ab-
sence of such an association suggests presence of glucocorticoid resistance of the immune system,
which is in support of the glucocorticoid resistance model described by Miller, Cohen and Ritchey
(2002). According to this model, chronic stress reduces the responsiveness of the immune systems
to glucocorticoid hormones, such as cortisol, so that the inflammatory response is not well termi-
nated.

Regarding morning cortisol, we did not replicate our finding of elevated cortisol at awakening
in patients (de Vente et al, 2003), despite the similar conditions across the studies. Some indications
for a reduced contrast between the current patient and healthy sample may serve as a partial expla-
nation. Reduced contrast appeared from a marginally significant lower level of anxiety complaints
in the current patient group (i.e., the previous patient group had a higher level), and statistically
significant lower professional competence and more depressive symptoms in the current healthy
sample as compared to the previous healthy sample. The absence of cortisol changes in the patient
group is in line with other studies that used clinical samples with work-related stress (Mommer-
steeg et al., 2006a; Mommersteeg, Heijnen,Verbraak & van Doornen, 2006b).

We observed no deviant DHEAS values in patients with work-related stress, which is in line
with previous studies in non-clinical samples with burnout complaints (Grossi, et al., 2003; Moch,
et al,, 2003). As depression has been associated before with higher levels of DHEA during the day
(Heuser et al., 1998), the finding of enhanced DHEAS by Mommersteeg et al. (2006a) may be due
to a higher level of depressive complaints in their sample. As different measures were used in our
and their study, this hypothesis could not be examined.

Immune changes have been observed in absence of HPA axis dysregulation before (e.g., Grossi
et al,, 2003; Mommersteeg et al., 2006a). These observations may imply that immune changes can
also occur without mediation of the HPA axis. Otherwise, they may indicate that the HPA axis
needs to be examined under different conditions, for example at a different time of the day or by

examining reactivity to an acute stressor, to reveal dysregulation. Regarding the former, Goodyer
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et al. (1996) for example, found that only morning and not evening DHEA, and evening and not
morning cortisol differed between children and adolescents with and without major depression.
Regarding the latter, to the best of our knowledge, no studies have included HPA axis variables
and immune measures when studying reactivity to an acute stressor in clinical samples with work-
related stress. However, in relatively healthy samples associations have been demonstrated be-
tween sympathetic (Owen & Steptoe, 2003) and HPA axis (Kunz-Ebrecht, Mohamed-Ali, Feldman,
Kirschbaum & Steptoe, 2003) reactivity to an acute mental stressor and pro-inflammatory cytokine
concentrations, specifically IL-6. Also in breast cancer survivors, an association has been observed
between reduced HPA axis reactivity and enhanced IL-6 production (Bower et al., 2007). Hence,
investigating reactivity to an acute stressor may be a promising path for further research about the
HPA axis and immune functioning in samples with a clinical level of work-related as well.

The absence of differences in immune measures between the healthy and patient group was
unexpected, particularly because we previously observed group-differences in cardiovascular and
cortisol basal activity and reactivity in similar samples (Chapter 3; de Vente et al., 2003). The ab-
sence of finding changes may be due to the selection of immune measures in this study. Segerstrom
and Miller (2004) observed that immune changes associated with chronic stress were only found in
functional immune measures, which were not included in this study. Therefore, on the basis of this
limited number of immune parameters in this study, it cannot be concluded that immune changes
are absent in patients with work-related stress.

This study adds to the proposed explanation by another research group (Mommersteeg et al.,
2006a) of the upregulated IL-10 production observed in a clinical sample with work-related stress.
Mommersteeg et al. (2006a) hypothesised that the upregulated IL-10 production may be a conse-
quence of subclinical infections caused by reactivation of the latent Epstein-Barr virus or the com-
mon rhinovirus. However, our results do not indicate reactivation of the latent Epstein-Barr virus.
Regarding the rhinovirus causing common colds, we can add that, similar to the findings of Mom-
mersteeg et al., no significant difference in reported colds between the healthy and patient sample
were observed in our study. However, this does not preclude presence of subclinical infections.

The following methodological issue merits further reflection. In contrast to most studies, we took
repeated DHEAS measures during the morning. Since DHEAS is considered to demonstrate little
diurnal variation (Kroboth et al., 1999), most studies take a single DHEAS measure. However, when
examining DHEAS in the first hour after awakening we found evidence for morning dynamics.
Similar to DHEA (i.e., the unsulphated hormone; Hucklebridge et al., 2005), DHEAS demonstrated
the highest morning level at the moment of awakening. Our findings further suggest that an eleva-
tion of DHEAS in saliva takes place before a rise in cortisol occurs. Interestingly, a similar reaction
pattern has been observed for DHEA and cortisol in reaction to a psychosocial laboratory stressor
(Izawa et al., 2008). In parallel with the cortisol awakening response as an indicator of adrenal ster-
oidogenic capacity, we constructed a DHEAS measure that reflected the maximum dynamics dur-
ing the morning. The pattern of associations of the DAR with the cortisol measures, more specifi-

cally, presence of a moderate association of the DAR with the CAR and absence of an association
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with basal cortisol, supports the notion that the DAR is an indicator of adrenal steroidogenic capa-
city. To use this measure as an indicator of adrenal steroidogenic capacity can be disputed, though.
Carlstrom et al. (2002) for example have stated that DHEAS variation in serum is highly dependent
on alterations in its main binding protein, albumin, instead of on changes in adrenocortical steroid
secretion. Hence, the value of DHEAS morning dynamics in saliva awaits further research.

This study highlights the immunomodulatory effect of DHEAS. The finding that in some stud-
ies psychopathology was associated with changes in DHEAS levels rather than in cortisol levels
(Mommersteeg et al., 2006a; Assies, et al., 2004) illustrates DHEAS’ potential relevance for future
stress research. Furthermore, the fact that DHEAS can be adequately determined in saliva implies
a considerably reduction of practical obstacles to measure it.

In conclusion, although absolute levels of immune and HPA axis parameters appeared un-
changed in patients with work-related stress, support was obtained for different immune modula-
tion by the HPA axis in this group, involving both inflammatory activity and cellular immunity.
The results supported presence of glucocorticoid resistance in patients and a role for DHEAS in the

suppression of cellular immunity.
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