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Purpose: Hormonal and inflammatory factors have been suggested as potentially influen-
cing depressive state and depressive symptoms, but rarely compared for their relative
contribution to these states and to specific depressive symptoms. This study examined
cortisol:C-reactive protein (CRP) ratio, plus cortisol and CRP separately, as correlates of
global depression and fatigue-related depression.

Patients and methods: One hundred and twenty-six community volunteers from rural
Australia provided saliva and serum samples, and also completed a depression inventory.
Results: There was a significant correlation between cortisol:CRP ratio and depression-
related fatigue, and this resolved to the effects of CRP rather than cortisol. Most of the
variance in this association came from patients who were “depressed”, and there were no
significant gender associations.

Conclusion: Inflammation, rather than HPA-axis activity, was associated with depression-
related fatigue, supporting a model that places inflammation as a contributor to one of the
major symptoms and predictors of depression. Individualization of therapy for depression-
related fatigue in chronically stressed or physically ill patients might benefit from future
research into cytokine therapy.
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Depression is the leading cause of ill health and disability worldwide, and costs US$1
trillion globally each year from losses to households, employers and governments.'
People with depression have a relative risk of mortality from all causes that is 1.86
times that for non-depressed individuals, and 2.74 million people die each year from
depression.” However, only 16.5% of people with depression report receiving treat-
ment at minimal standards’® and standard pharmacological and psychological treat-
ments for depression are effective in only about 74% of cases, even when combined.* It
has been argued that some of the responsibility for depression’s relatively poor treat-
ment efficacy is due to difficulties in diagnosis and assessment processes that are too
“global” and which inhibit “personalized medicine” approaches to depression.” The
suggestion that has arisen from that discussion is to focus upon “subtypes” of depres-
sion that coalesce about specific diagnostic criteria for that disorder, and to investigate
possible biological markers of those subtypes.® Although a very great deal of attention
has been given to the identification of possible genetic markers for depression, this has
proven fruitless,” leading researchers to focus upon other biological candidates such as

hormones and inflammatory factors.
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The most commonly diagnosed form of depression is
Major Depressive Disorder (MDD), as set out in the
Diagnostic and Statistical Manual (5™ ed.) (DSM-5) of
the American Psychiatric Association.® A diagnosis of
MDD requires the presence of at least five of nine
symptoms, and includes cognitive, emotional, somatic
and anhedonic symptoms, which are quite different
kinds of behaviors and are based upon different neuro-
biological substrates and require different treatment
approaches.” There are also a large number of
Associated Features for MDD, which are linked to the
nine major criteria but describe slightly different depres-
sive behaviors.® Due to this heterogeneity in symptoms
and Associated Features, there are 1497 possible ways
of fulfilling the diagnosis of MDD.'® This arithmetical
heterogeneity was confirmed by actual symptom data
from nearly 4000 depressed outpatients in the STAR*D
trial,"! which identified 1030 unique symptom profiles in
that sample alone, 83.9% of which were endorsed by
five or fewer patients and 48.6% of which were
endorsed by only one patient. Those authors argued
that this symptom heterogeneity might account for the
relative lack of universal efficacy of standard treatments
for depression. This high level of MDD symptom het-
erogeneity was not significantly influenced by depres-
sion severity, and those authors have consequently
argued for the examination of specific depression symp-
toms rather than a dichotomous diagnosis of MDD
based upon the presence/absence of a number of
symptoms.'?

Although all of the various MDD symptoms are rele-
vant, one that has particular importance is fatigue.'® Fatigue

is strongly associated with overall depression'*'?

and long-
itudinal studies have shown fatigue to also be an indepen-
dent risk factor for depression.'® Although fatigue can be
minor and transitory, or chronic and debilitating, and may
be divided into physical and mental components,'” depres-
sion-associated fatigue represents a valuable focus of
research because of its likely link with chronic stress,'®
which in turn has been significantly associated with vulner-
ability for depression.'” One of the indicators of chronic
stress is elevated HPA-axis activity, commonly measured by
the presence of hypercortisolemia.”*' Perhaps because of
its association with chronic stress, elevated cortisol has
repeatedly been found to be significantly associated with

22,23

depression, to the point where “The notion that depres-

sive illness is associated with hypersecretion of cortisol has

reached the status of a textbook truism”.>>

Another aspect of the stress response is inflammation,
which is considered to be “contained within the stress
response”.”* One particular inflammatory cytokine that
has been significantly linked to depression is C-reactive
protein (CRP), a major acute-phase plasma protein that
recognizes altered and foreign molecules and binds to
various ligands to play a role in the innate immune system
and to stimulate phagocytosis.”>** CRP has been found to
be elevated in patients with a range of psychiatric disor-
ders, including MDD.?”-*

Thus, there is a hypothetical association between HPA-
axis responses (cortisol), CRP and depression-associated
fatigue. However, although there have been some reports
of the association between HPA-axis responses, inflamma-

tory factors and depression,*’-*

relatively little attention
has been paid to the specific relationships between HPA-
axis responses, CRP and depression-related fatigue.
Investigation of this association has the potential to pro-
vide a link between the stress-related HPA-axis and
inflammatory responses of the individual and one of the
major somatic symptoms of MDD that is also an antece-
dent of full MDD as demonstrated within longitudinal
studies.'® In addition, by directly comparing the relative
contribution that cortisol versus CRP make to depression-
related fatigue, the nature of that antecedent pathway
might be clarified by identifying if there is a more power-
fully associated factor (ie, cortisol or CRP). This has the
potential to inform treatment of MDD, particularly in
those persons who may be at greater risk of developing
this disorder because of physical illness®' or other major
chronic stressors.*” Therefore, this study was designed to
investigate the individual and combined effects of cortisol
and CRP as correlates of depression-associated fatigue.
Due to the paucity of previous research on this issue, no
formal hypothesis could be stated for testing.

Several methodological issues were considered before
undertaking this study because they had implications for
the definition of the dependent and independent variables.
First, depression-associated fatigue was defined as partici-
pant responses to a fatigue-related item on a common depres-
sion inventory. Although there are several multi-item scales
for assessing a range of fatigue-related behaviors, these do
not necessarily relate to depression per se, but rather ask
participants about their cognitive difficulties, such as The
Fatigue Scale,” or their need to recover from demand via
the Need for Recovery Scale.*® Although they are valid
measures of overall fatigue, these scales do not focus on
fatigue as it is related to depression. Second, cortisol shows
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a Diurnal Rhythm (DR) initiated by the circadian clock
within the hypothalamus, and this DR exhibits a maximum
concentration of cortisol about 45 mins after waking in the
morning and a nadir during the early evening.** Collection of
“morning cortisol” about 45 mins after waking can provide
an overall indicator of HPA-axis responsivity, and elevated
concentrations of morning cortisol have been shown to be
consistently associated with depression.?*~**” Third, there is
some evidence of an interaction between cortisol and inflam-
matory cytokines®® and the ratio of cortisol to CRP has
previously been used as an indicator of that interaction,*®
calculated as described below under “Methods” section. It
has been argued that the cortisol:CRP ratio represents a
negative feedback loop between the HPA-axis and inflam-
matory systems.>’ Patients with rheumatic disease exhibit
significantly lower cortisol:CRP ratios, indicative of HPA-
axis hyporesponsivity relative to elevated levels of CRP,
based upon evidence that this ratio reflects the bidirectional
influences between the immune system and the HPA-axis.*
This has some relevance to studies of depression, where low
ratios have suggested the presence of high inflammation and
lower cortisol levels among depressed women,*' and high
ratios have suggested the opposite, which is consistent with a
large literature attesting to elevated cortisol in depressed
persons.”*?* The cortisol:CRP ratio, therefore, allows for
identification of both scenarios, whereby particular types of
inflammation and HPA-axis states can be measured.

Methods

Participants

Volunteers from one of the Australian Electoral Office
electorates covering a large rural land area in northern
New South Wales were invited by letter to participate in
a study “about your mental health”. The letter emphasized
that individuals who had not experienced mental health
problems were welcome as much as those who had such
experiences so that comparative data could be collected.
Inclusion criteria were that participants were to be at least
18 years of age. Exclusion criteria were the presence of an
acute medical illness.

Instruments
Background questionnaire
Participants were asked to state their age (years) and sex.

Depression-related fatigue
Item 10 from the 20-item Zung Self-rating Depression
Scale (SDS)** was selected to tap depression-related

fatigue (“I get tired for no reason”). The SDS is based
on data from factor analytic studies of Major Depressive
Disorder (MDD)* and fits the most recent definitions of
that disorder.® Respondents indicate the frequency of each
of those 20 items by answering: “None or a little of the
time” (score of 1), “Some of the time” (2), “Good part of
the time” (3) or “Most or all of the time” (4), which
produce a total score range from 20 to 80. A raw score
of 40 and above represents the cutoff for “clinically sig-
nificant depression”.** The SDS has demonstrated split-
half reliability of 0.81,** 0.79% and 0.94.%¢ Internal con-
sistency (alpha) has been reported as 0.88 for depressed
patients and 0.93 for non-depressed patients*’ and as 0.84
for a previous Australian sample.*® The SDS has been
shown to be superior to the MMPI Depression Scale and
the Beck Depression Inventory for assessing depression in
male psychiatric inpatients.*” SDS item 10 and SDS total
raw scores were used in this study.

Cortisol extraction

Cortisol in saliva was measured using a specific salivary
cortisol ELISA kit from Abnova Corporation (KA1885,
Taipei, Taiwan). This is a solid-phase ELISA using a poly-
clonal rabbit antibody directed against cortisol. The assay is
based on the principle of competitive binding, and endogen-
ous cortisol in the sample competes with a cortisol-horse-
radish peroxidase conjugate for binding to the antibody. This
ELISA has an intra-assay variability of 8.27% and inter-
assay variability of 8.33%, with a spiking recovery of
100% and calibration range of 0.1-30 ng/mL. Salivary corti-
sol was assayed according to the manufacturer’s instructions.
Briefly, 50 pL of neat saliva from participants or cortisol
standards (0.1-30 ng/mL) were transferred to the appropriate
wells of the 96-well microtitre plate. Fifty uL enzyme-con-
jugate was dispensed into each well with thorough mixing.
The plate was incubated at room temperature with gentle
rocking for 60 mins. The contents of each well were aspirated
followed by four rinses with 300 pL wash solution. Substrate
(200 pL) was added to each well and the plate was incubated
at room temperature for 30 mins. The reaction was stopped
with the addition of 50 pL stop solution and absorbance was
read at 450 nm immediately. All standards, controls and
samples were assayed in duplicate and results were calcu-
lated using a 4-parameter logistics curve fit.

CRP assays
Blood samples were collected and centrifuged at 1000 g
for 15 mins. The sera were frozen at —80°C until analysis
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of C-reactive protein. Serum concentrations of CRP were
determined using a Siemens Dimension XPand Plus
Autoanalyser (Siemens, Newark, USA), using the CRP
extended range (RCRP) Flex reagent cartridge (DF34,
Siemens Dimension, Newark, USA) according to the man-
ufacturers’ instructions. This assay is based on the parti-
(PETIA)
technique, where synthetic particles coated with anti-CRP

cle-enhanced  turbidimetric =~ immunoassay
antibodies aggregate in the presence of CRP, increasing
CRP

Concentrations are reported in mg/L.

turbidity in  proportion to concentration.

Procedure

From a list of 20,000 random names and addresses (balanced
for equal numbers of males and females) supplied by the
Australian Electoral Commission in 2013, sufficient partici-
pants were recruited to exceed the sample size required by a
priori power analysis for a correlational analysis to detect a
“medium” effect of 0.3 or greater*’ with alpha = 0.05 and
power = 0.95 (GPower 3.1). Participants received a link to an
online portal or a copy of the questionnaire booklet contain-
ing an explanatory statement and consent form, plus the
background questionnaire and the SDS, a small container
(Salivette) and written instructions for collection of morning
cortisol saliva, which they were asked to freeze until they
came to the researchers’ lab a few days later to provide a
blood sample for CRP assay. Some previous research has
collected salivary cortisol data on several days, assumedly to
improve generalisability of those data. However, as well as
placing an increased research burden upon participants, and
increasing the likelihood of participant drop-out in commu-
nity participants, there are sufficient data from studies of
repeated collections of salivary cortisol to argue that there
is acceptable long-term agreement between concentrations of
salivary cortisol over periods of several months,”® which is
much longer than the few days that was the gap between
saliva collection and serum collection in this study. CRP is
also relatively stable over time and shows no DR.*® The
project was approved by the University of New England
Human Research Ethics Committee. All participants gave
written consent to the study. This study was conducted in
accordance with the Declaration of Helsinki.

Statistical analyses

Data were tested for normality. Pearson correlation coeffi-
cients were calculated to test for any significant age effects
on the DVs, and gender was also tested for its effect via
MANOVA. The cortisol:CRP ratio was derived by

dividing cortisol concentration by the CRP-value as
described by Suarez et al.*®*° Pearson correlation coeffi-
cients were calculated for the associations between the
CRP and cortisol variables and the SDS variables, with a
Bonferroni correction for multiple testing, and partial cor-
relations tested for the relative effects of cortisol and CRP,
respectively, on these associations. MANOVA was used to
test for significant differences in variables between males
and females, and between quartiles of cortisol: CRP ratio.

Results
Data

A total sample of 126 participants were recruited for this
study (M age =51.9 yr, SD =17.1 yr, range =18-85 yr),
including 46 males (36.5%) and 80 females (63.5%).
Using the Kolmogorov-Smirnov statistic, Cortisol, CRP
and Cortisol:CRP ratio, data were skewed and log trans-
formed, but SDS total score and item 10 data did not
require transformation. There were no significant correla-
tions between age and CRP log, cortisol log, SDS total
score or SDS item 10, nor any significant differences in
these variables according to gender. Table 1 shows the
mean, SD and range scores for all DVs.

Associations between variables

To test for the presence of significant associations between
cortisol, CRP and their ratio with SDS total score and SDS
item 10 score, Pearson correlation coefficients were calcu-
lated and appear in Table 2. Allowing for the correction to
reduce Type 1 error rates (ie, 0.05/5= 0.01), there was a

Table | Distributions of all dependent variables

Variable Mean | SD | Range

SDS total score 3854 | 7.25 | 24-57

SDS item 10 1.78 089 | 14

CRP mg/L 4.86 6.81 | 0.83-69.85
CRP log 0.55 0.30 | —0.08 to .84
Cortisol nmol/L 20.22 | 8.46 | 2.40-34.30
Cortisol log 1.25 0.23 | 0.38-1.54
Cortisol:CRP ratio 740 6.17 | 0.05-33.79
Cortisol:CRP ratio log 0.70 044 | —1.28 to 1.53
Cortisol:CRP ratio log quartile | 0.12 0.36 | —1.28 to 0.49
(n=31)

Cortisol:CRP ratio log quartiles 2 | 0.78 0.15 | 0.50-1.02

& 3 (n=69)

Cortisol:CRP ratio log quartile 4 1.21 0.14 | 1.03-1.53
(n=26)

Abbreviations: SDS, self-rating depression scale; CRP, C-reactive protein.
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significant correlation between the SDS total score and SDS
item 10, verifying the depression-relevance of this fatigue
index. There was no significant correlation between cortisol
log and SDS item 10, but there were significant correlations
between CRP log and SDS item 10, and between the cortisol:
CRP ratio log and SDS item 10. Partial correlation analysis
revealed that the significant association between cortisol:
CRP log and SDS item 10 (» = —0.260, p= 0.005) reduced
to non-significance (» = —0.030, p= 0.750) when the effect of
CRP log was controlled for. By contrast, when cortisol log
was controlled for, the correlation between cortisol: CRP log
and SDS item 10 increased slightly (» = —0.262) and the
actual p-value only changed from 0.0048 to 0.0046.

Effects of cortisol:CRP ratio

As shown in Table 1, the ratio of cortisol: CRP log ranged from
—1.28 to 1.53. Following the procedure described by Suarez et
al,*® this range may be subdivided into three categories on the
basis of the quartile ranges (lowest = quartile 1, middle =
quartiles 2 and 3, highest = quartile 4), which represent the
distribution of cortisol:CRP ratios as “pro-inflammatory”,
“homeostatic” and “hyper-cortisolemic”.*® Table 1 presents
the mean (SD) and range of cortisol: CRP log values for each
of these three subgroups. There were no significant differences
in male versus female cortisol log, CRP log, cortisol: CRP log
or SDS total scores within any of these three subgroups.
Quartile subgroups 1 and 3 represent different types of inflam-
mation:HPA-axis relationships, and a significant MANOVA
main effect was found between these two subgroups for the
combination of cortisol, CRP, SDS total score and SDS item 10
score F(5.45) =67.865, p< 0.001); univariate effects were
significant for all of these except SDS total score (Table 3).
With a mean SDS item 10 score of 2.14, quartile 1 respondents
scored in the range of “A good part of the time”, whereas
quartile 3 respondents scored in the range of “Some of the
time”. A total of 20.7% of quartile 1 respondents gave a
response of “Good part of the time” and 13.8% gave a response
of “Most or all of the time”, but only 4.3% of quartile 3

Table 2 Pearson correlation coefficients between variables

respondents gave a response of “Good part of the time” and
none gave a response of “Most or all of the time”. These
findings argue for a model of depression-associated fatigue
that is more severely reported by respondents with a low
cortisol and high CRP ratio rather than a high cortisol and
low CRP ratio.

Effects of depressive severity

As mentioned in the “Methods” section, there is a cutoff
score of 40 for the SDS total score that represents “clinically
significant depression”, where patients require further
attention.** By applying this cutoff, 54 (42.86%) participants
fell into this category, were defined by their clinical case-ness
and were referred to as “depressed”. There was no significant
gender difference in the category of participants’ clinical
case-ness (Chi-square (1) =0.465, p= 0.561). To test if the
effect of cortisol upon the correlation between cortisol: CRP
ratio log and SDS item 10 was changed by the clinical case-
ness of participants, those partial correlation coefficients
were re-calculated separately for each of these two subgroups
of participants. While there was no significant effect of
Cortisol log upon the association between cortisol:CRP log
and SDS item 10 for either the non-depressed (r = 0.050, p=
0.706) or depressed (r = —0.027, p= 0.846) subgroups,
the depressed subgroup’s results mirrored those for
the entire sample when the effects of CRP log were con-
trolled for (change from » = —0.479, p< 0.001 to » = —0.027,
p=0.846) but the non-depressed subgroup did not show any
change in significance when CRP log was controlled for (» =
—0.018, p=0.881 to r =—0.079, p= 0.551).

Discussion

The major finding from this study is that the association
between cortisol:CRP ratio and depression-related fatigue
is a function of CRP rather than cortisol, and that this is
mostly as a result of the responses from the “depressed”
portion of the sample. This is an advance in the field
because recent research has focused upon the cortisol:

Variable Cortisol log CRP log Cortisol:CRP log SDS total score
Cortisol log

CRP log —0.308*+*

Cortisol:CRP log 0.747++* —0.863*%*

SDS total score 0.045 0.005 0.020

SDS item 10 —0.115 0.283* —0.260% 0.503**

Notes: *p= 0.005, **p= 0.002, ***p< 0.001.
Abbreviations: SDS, self-rating depression scale; CRP, C-reactive protein.
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Table 3 Univariate effects for MANOVA on first vs third cortisol:CRP log quartiles

Variable Quartile | M (SD) Quartile 3 M (SD) F p Partial eta squared
Cortisol (nmol/L) 11.00 (5.16) 26.53 (5.50) 107.621 <0.001 0.687
CRP (mg/L) 10.32 (12.73) 1.64 (0.57) 10.615 0.002 0.178
Cortisol:CRP ratio log 0.12 (0.37) 1.23 (0.13) 177.289 <0.001 0.783
SDS total score 38.57 (7.53) 39.04 (6.59) 0.055 0.815 0.001
SDS item 10 score 2.14 (1.07) 1.61 (0.58) 4.543 0.038 0.085

Abbreviations: SDS, self-rating depression scale; CRP, C-reactive protein.

CRP ratio itself without unpacking the relative contribu-
tions of cortisol versus CRP*** or the relative contribu-
tions from “depressed” versus “non-depressed” sections of
the community samples used in that research. While those
previous studies identified that a low level of cortisol
paired with elevated CRP (ie, the overall cortisol:CRP
ratio) was a contributing factor in determining sensitivity
to a standardized stressor in depressed individuals, and
depression overall, those results did not allow for the
further identification of the specific aspects of that ratio
and their effects upon specific symptoms of MDD, such as
fatigue. Although MDD may be characterized by many
different sets of symptom profiles (see “Introduction sec-
tion), fatigue is one of the major indicators and antece-
dents of MDD, and is associated with some physical

51,52

illnesses such as cancer, as well as the longer-term

: 1
effects of chronic stress'®>>

that are also significantly
associated with depression.

Although the current findings appear to disagree with
those reported by Bhagwagar et al,>> who found elevated
cortisol in depressed persons, that study did not compare
inflammatory factors with cortisol, allowing for the possibi-
lity that the cortisol: CRP ratio may have revealed a different
outcome. However, the current results do fit with those pre-
viously reported by Miller et al*' among depressed women
whose CRP-values were greater than their cortisol values,
and extend them by including men as well as women, and by
failing to demonstrate any significant differences between the
sexes in this study. The lack of a significant correlation
between either cortisol, CRP or their ratio and the total
SDS score, even within the “depressed” subgroup, plus the
lack of gender-specific results, offers a challenge to some
previous results and suggests that other factors may be
involved in those relationships that have been found to be
significant in previous studies.

By directly comparing the relative contribution that cor-
tisol versus CRP make to depression-related fatigue, the

nature of the antecedent pathway from chronic stress to

depression symptoms might be clarified by these findings.
That is, because it appears from these data that the inflam-
matory system is more closely linked with depression-related
fatigue than the HPA-axis is, it follows that dysregulation of
the immune pathway was a more likely antecedent for
depression-related fatigue. This finding is consistent with
models of depression symptoms as arising within a “sickness
behavior” response to chronic stressors.>* Fatigue also con-
stitutes one aspect of the overall “behavioral withdrawal”
that has been posited as underlying depression.”’> That
model argues that sleepiness (arising from fatigue) may
have a survival benefit by helping the infected individual
preserve energy and fight invasive pathogens.’® This does
not argue for a “cytokine-alone” causal model of depression,
but rather for a reciprocal interaction model wherein depres-
sion (and fatigue) interact with inflammation.””*

These findings also hold some initial suggestions for
treatment options. For example, identification of fatigue aris-
ing from chronic stress or a medical condition is already
accepted as a risk sign for eventual development of MDD'®
but the current findings also argue for consideration of the
state of the fatigued individual’s CRP status. Because CRP is
a major acute-phase plasma protein that recognizes altered

2526 and has been observed to be

27,28
D,

and foreign molecules,
elevated in patients with MD it may function as an
“early warning” sign that the individual’s fatigue is serious
enough to warrant attention as a possible precursor to full
MDD. Those persons might already be experiencing a major
physical illness®" or other chronic stressors®® and are thus
more likely to develop depression in need of treatment.
Although the data regarding the use of anti-inflammatory
treatments for depression are only suggestive at this stage,*’
they do indicate a potentially valuable role for cytokine
modulators in depressed persons who are also chronically
inflamed (perhaps due to physical illness).®

As in all research, this study has several limitations
upon the generalisability of its findings. First, the sample

was geographically limited to a particular area of rural
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Australia, and no implications are made for other cultures
or nations. Second, data were collected at a single point in
time and are restricted in their ability to generalize over
time and circumstance. Third, depression-related fatigue
data were self-reported and, although this is a recognized
methodology in research settings, it is not the “gold stan-
dard” of clinical assessment (ie, the Structured Clinical
Interview). Fourth, cortisol sampling was taken on a single
day at one specific time, and no information was provided
regarding the overall DR of participants’ HPA-axis status.
Although this is not necessarily a cause of invalidity (see
the discussion of single-observation salivary cortisol sam-
pling in “Methods” section), future studies might further
inform this field with more data regarding the HPA-axis
DR. CRP is relatively stable, and may be regarded as not
reasonably differing in the time between saliva sampling
and blood collection in this study, but simultaneous sam-
pling might provide greater confidence in results. Fifth, the
data were collected from volunteers and it may be that this
produced a biased sample. Several strengths are also
apparent in the methodology used in this study, including
the community source of participants, use of a well-vali-
dated scale for measuring depression and depression-
related fatigue, a focus upon one of the major diagnostic
indicators and correlates of MDD rather than a global
measure of depression, adequate sample size and statistical
power and the uncoupling of CRP and cortisol as corre-
lates of depression and fatigue.

In conclusion, these findings explain a further link in
the stress—inflammation—depression pathway, and do so by
highlighting the nature of the cortisol:CRP ratio in its
association with fatigue. The lack of replication of the
cortisol:CRP association with full depression in this sam-
ple, even among the “depressed” participants, provides
some more data regarding the links between inflammation,
the HPA-axis and depression, and opens the way for
further studies of intervening variables that may influence
that relationship.
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