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This is a broad meta-analysis of the relations of both depression and stressors to immuno-
logical assays. The number of study samples (greater than 180) and measures (greater than
40) is much more extensive than any so far. Analyses are done by both fixed and random
effects. By a fixed-effects analysis, both major depression and naturally occurring acute
stressors are associated with (1) an overall leukocytosis, (2) mild reductions in absolute
NK-cell counts and relative T-cell proportions, (3) marginal increases in CD4/CD8 ratios,
and (4) moderate decreases in T- and NK-cell function. However, the degree of heterogene-
ity of the studies’ results raises questions about their robustness. Therefore, we also did
the first random effects analysis to estimate what is likely to appear in future studies.
For depression, the analysis showed the immunological correlates included (1) an overall
leukocytosis, manifesting as a relative neutrophilia and lymphoenia; (2) increased CD4/
CD8 ratios; (3) increased circulating haptoglobin, PGE2, and IL-6 levels; (4) reduced NK-
cell cytotoxicity; and (5) reduced lymphocyte proliferative response to mitogen. For stres-
sors, the random effects analysis showed that future studies are likely to find the following
effects: (1) an overall leukocytosis, manifesting as an absolute lymphocytosis; (2) alter-
ations in cytotoxic lymphocyte levels, CD4/CD8 ratios, and natural killer cell cytotoxicity
with the direction of change depending on the chronicity of the stressor; (3) a relative
reduction of T-cell levels; (3) increased EBV antibody titers; (4) reduced lymphocyte pro-
liferative response and proportion of IL-2r bearing cells following mitogenic stimulation;
and (5) increased leukocyte adhesiveness. The random-effects analysis revealed that for
both major depression and naturally occurring stressors the following effects are shared:
leukocytosis, increased CD4/CD8 ratios, reduced proliferative response to mitogen, and
reduced NK cell cytotoxicity. The implications for these findings for disease susceptibility
and the pathophysiology of these conditions is discussed.  2001 Academic Press

Key Words: immunological assays; depression; stressors; meta-analysis of measures.

INTRODUCTION

An increasing body of evidence shows that certain psychological states and experi-
ences are associated with variations in immune parameters (Ader, Felten, & Cohen,
1991; Locke, 1982; Weisse, 1992). The two states that have been studied most inten-
sively are major depression and stressors. In separate meta-analytic reviews of studies
conducted through 1991, Herbert and Cohen (1993a, 1993b) found that these were
significantly associated with virtually all of the immune measures included in the
reviews. In most cases where significant findings were obtained, both depression and
stressors were associated with decreases in the immune parameters. Many additional
studies on the relationship of depression or stressors to immunological assays have
been published since 1991; some of these feature a wider range of immune measures
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and improved technology than was typically found in earlier studies. Therefore, it
seems an appropriate time to reevaluate the findings.

In addition to including more studies and a wider range of immune measures, our
review has other advantages over previous effort. First, we have actually conducted
two reviews, one on depression and the other on stressors, which makes it possible
to discuss similarities and differences in findings for each factor. Second, findings
for depression and for stress have been summarized in two ways: (a) a fixed effect
meta-analysis, similar to that conducted by Herbert and Cohen (1993a, 1993b), that
allows generalization to other subjects like those drawn from the samples in reviewed
studies (Rosenthal, 1995); and (b) a random effect meta-analysis that allows general-
ization to future studies (Rosenthal, 1995). The random effect approach, which has
not been used in prior reviews, may be the most informative analysis because it
indicates the range of effect sizes that are likely to be observed in future studies.
Third, this article is the first to examine the moderator variables, the robustness of
observed effects, and the degree of heterogeneity in the findings.

METHOD

Criteria for Selecting Samples

Samples that were included met these inclusion/exclusion criteria: used only physi-
cally healthy subjects; were published in peer-reviewed journals; diagnosed as major
depression by RDC (Spitzer, Endicott, & Robins, 1978), Diagnostic and Statistical
Manual of Mental Disorders (3rd ed.) (American Psychiatric Association, 1980), or
DSM-III-R (1987); and excluded medicated and bipolar patients. Finally, studies of
stressors had to have ‘‘objective’’ stressor measures (e.g., a standard life event scale
for naturalistic stressors or an experimental stressor) as opposed to indicators of the
subjective response to stressors. Studies of stressors that included physical compo-
nents (e.g., weightlessness) were excluded. If samples overlapped across studies, the
smaller study group was excluded. If more than one sample was included in a study,
the samples were treated separately. Immune measures were included that were exam-
ined by at least two studies.

Measures

The immune measures. Those reviewed here are highly diverse; they were grouped
into the following categories: major leukocyte classes, cell surface markers, humoral
factors, and functional measures. The limited length of our review prevents inclusion
of a description of the functional significance of the various immune measures or a
discussion of potential psychobiological mechanisms that might link major depres-
sion or exposure to stressors to immunological assays. Excellent discussions of these
issues can be found in Herbert and Cohen (1993a, 1993b); O’Leary (1990); Maier,
Watkins, and Fleshner (1994); Maes (1995); and Maes, Smith, and Sharpe (1995).

The depression measures. We only included individuals with a diagnosis of depres-
sion. Measures of severity of depression were diverse; but most commonly used was
the observer-rated Hamilton Depression Rating Scale (HDRS; Hamilton, 1960).

The stressor measures. A major division of the stressor studies was (a) studies of
stressors as they occur naturally (i.e., observational studies) and (b) studies of stres-
sors as they are artificially administered (i.e., experimental studies). For naturalistic
studies, the most common measures (n 5 16 studies) were self-reported life events
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(Dohrenwend, Krasnoff, Askenasy, & Dohrenwend, 1978; Holmes & Rahe, 1967)
and hassles (DeLongis, Coyne, Dakof, Folkman, & Lazarus, 1982). A large minority
of observational studies used single, discrete stressors (e.g., examinations) rather than
self-report of stressful events.

Meta-Analytic Techniques

Average effect sizes. All mathematical and statistical operations were performed
on Fisher’s Z’s because of their superior distributional properties. For each relation,
indices of central tendency were calculated: unweighted and weighted mean r’s, the
median r, and the percentage of studies which found effects in the same direction
as the mean weighted r. Weighted average effect sizes were computed as r’s by
proportionally weighting each study’s observed effect size according to its degrees
of freedom (df ). Explicitly, this procedure gives more weight to larger studies, which
tend to obtain more reliable estimates of the population effect size (Rosenthal, 1991).
Effect sizes for each study were calculated from inferential statistics when possible.
If inferential statistics were not presented, descriptive statistics were used to calculate
the study’s Hedge’s g, which was then converted to an r. To be conservative, one-
tailed significance levels of p 5 .05 were assigned to studies with no quantifiable
results that reported significant results. Advantages of reporting meta-analytic results
as r’s as opposed to other effect size indicators (e.g., Cohen’s d and Hedge’s g), have
been discussed by Rosenthal (1991).

Robustness of effects. To facilitate comparison of robustness of effects, we calcu-
lated coefficients of robustness (CR) for each relation (Rosenthal, 1991). CR’s with
large absolute magnitudes tend to be associated with relations for which studies con-
sistently observe similar effect sizes and/or for which studies observe larger effect
sizes, with the sign of the CR indicating the direction of the effect. Because the CR
is independent of the cumulative number of studies or subjects, it allows descriptive
comparisons that are not confounded by which relations have received more attention
in published research; in this sense the CR is unlike results of significance tests and
a useful complement to them.

Significance tests. To determine whether average effect sizes were statistically sig-
nificant, we performed both fixed effect and random effect analyses. A fixed effect
approach uses the cumulative number of subjects (N ) as the basis for the df for the
statistical test; thereby, it effectively treats the observations as if they come from one
large, homogeneous study. Though the fixed effect analysis offers considerable
power, generalizations from it are limited to those individuals who may have partici-
pated in the very same studies in the review (and who are like those individuals who
participated) (Rosenthal, 1995). Fixed effect analyses do not account for between-
study variability when determining statistical significance. We used a modification
of the Stouffer method (df weighting of standard normal deviates) to obtain fixed
effect p values (Rosenthal, 1991).

A random effect approach uses the cumulative number of independent samples
(k) as the basis for the df for the statistical test. Though the random effect approach
generally has less power than the fixed effect approach, it offers increased generaliz-
ability. Using a random-effect approach to the results, we calculated a 95% confi-
dence interval based on the samplewise standard deviation using samples, rather than
subjects, as the sampling unit. This interval gives the range of effect sizes that future
studies, like those reviewed here, are very likely to find. A random effect approach
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explicitly accounts for between-sample variability in determining whether future
studies are likely to find an effect.

Tests of heterogeneity. To determine whether observed effect sizes were more het-
erogeneous than expected by chance variation, we performed chi-squared tests for
each relation. The significance of each test was assessed in relation to the number
of studies which examined that relation. Significant findings indicate that observed
effect sizes differ by more than chance variation. Sources of heterogeneity include
differences in important moderator variables or sample size between studies; more
worrisome for meta-analysis, significant heterogeneity may indicate that the studies
are drawn from dissimilar ‘‘samples’’ of studies (e.g., the specified dependent and/
or independent variables differ substantially). Because of this possibility, some advise
caution in interpreting meta-analytic results when findings are heterogeneous
(Hedges & Olkin, 1985). Others (Rosenthal, 1991), however, argue that significant
heterogeneity compels the investigator to search for moderators.

Moderator variable analysis. To examine the possibility that subject or procedural
characteristics moderated the relations of depression and/or stressors to immunity
and thereby contributed to studywise heterogeneity, we performed nonparametric
random effect contrasts (i.e., Spearman rank correlations and Kruskal–Wallis tests). It
should be emphasized that the moderator analyses that were performed were random-,
rather than fixed-, effect analyses. A caveat which should be considered in interpret-
ing the random effect analyses is that samples were unlikely to have been selected
on the basis of the moderator characteristics. Therefore, some observed effects might
be skewed if the dependent variable was related to convenience factors in subject
recruitment. Additionally, with the present data set, many more moderator effects
would likely be significant under a fixed effect analysis due to its greater power.
Given the many immune variables included in this article, however, a full test of all
possible fixed effect interactions associated with the identified moderator variables is
beyond its scope. A fixed-effect examination of moderators really deserves a separate
publication.

To reduce the number of tests performed, we limited our random effect analyses
to those relations represented by eight or more samples (120 and 80 correlations for
depression and stressor studies, respectively). Significance tests for all contrasts are
two-tailed. For significant relations, studies were blocked according to their rank to
assist interpretation of the interaction. Significant results from these exploratory anal-
yses should be interpreted cautiously because of the numerous tests performed; they
warrant independent replication.

In the depression studies, the potential sample moderator variables examined were
gender (percentage of female subjects), age (mean sample age), ambulatory status
(defined as .75% inpatient, 25–75% inpatient, or ,25% inpatient); and depression
severity (mean HRSD score) as well as the degree to which controls were matched
to the study group on gender and age. In the stressor studies, the potential moderator
variables that were examined were also usual ones: gender, age, temporal duration
of the stressor (i.e., hyperacute: ,3 h vs acute or chronic: .3 h), nature of the stressor
(i.e., experimental vs naturally occurring), and source of information about the stres-
sor (i.e., self-report vs objectively verified).

RESULTS

In summarizing studies of the relations of depression and stressors to immunologi-
cal assays, we present the following information: (a) results of fixed-effect meta-
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analysis, (b) results of random-effect meta-analysis, (c) results of heterogeneity analy-
ses, and (d) results of random-effect moderator analyses.

Depression and Immunological Assays

Fixed-effect meta-analysis. Under a fixed-effect model, significant results were
obtained for each major immune cell class measure (see Table 1). Collectively, these
findings indicated a neutrophilic leukocytosis in depression, with a concomitant rela-
tive lymphopenia and monocytopenia (i.e., a proportional reduction of lymphocytes
and monocytes). Effect sizes (r’s) ranged from 2.09 to 2.49 for measures negatively
associated with depression (percentages and numbers of monocytes and lymphocytes)
and from .16 to .55 for measures positively associated with depression (leukocytes
and percentage and number of neutrophils). Despite the presence of a relative mono-
cytopenia, there was evidence of a very slight, but reliable, absolute monocytosis
(r 5 .04), which evidently was overshadowed by the much larger neutrophilia.

Significant results were obtained with 9 of the 15 cell surface markers. Absolute
NK and relative T-cell levels were negatively associated with depression (r’s 5 2.07
and 2.12), whereas relative B-cell levels, CD4 levels, CD4/CD8 ratios, and levels
of cells bearing activation markers (i.e., % HLA-DR1, % and no. CD251, and no.
HLA-DR1) were positively associated with depression (r’s 5 .12 to .43).

Significant results were obtained for 9 of the 11 humoral factors. A general de-
crease in total serum protein levels was observed (r 5 2.62), accompanied by a
decrease in the negative acute phase plasma protein albumin (r 5 2.55). In contrast,
serum levels of the following positive acute phase plasma proteins were elevated:
haptoglobin, α1-acid glycoprotein, and α1-antitrypsin (r’s 5 .26 to .45). Finally,
circulating levels of IgM, PGE2, IL-6, and sIL-2r also were elevated (r’s 5 .28
to .60).

Significant results also were obtained with five of the six functional measures (lym-
phocyte proliferative response to Con A, PWM, and PHA; neutrophil phagocytosis;
and NK cytotoxicity); in each case, depression was associated with decreased cellular
immune function (r’s 5 2.20 to 2.36).

Random-effect meta-analysis. Under a random-effect model, fewer relations were
significant, as indicated by confidence intervals that excluded zero. Still, significant
findings demonstrated a lymphopenia, accompanied by a relative neutrophilia, an
increased CD4/CD8 ratio, increased circulating haptoglobin levels, and decreases
in four indices of cellular immune function (i.e., NK cytotoxicity and lymphocyte
proliferative response to PHA, Con A, and PWM). No other relations were significant
under the random-effect model.

Heterogeneity analyses. Considerable heterogeneity was observed in findings for
virtually all major immune cell class and functional measures. This was the case
even for most relations that were significant under the more generalizable random-
effect analysis. Heterogeneity was less pronounced for findings pertaining to cell
surface markers and humoral factors.

Random-effect moderator analysis. Significant results from these analyses are sum-
marized in Table 2. Studies of depression with a higher percentage of females showed
(a) greater increases in B- and T-cell numbers, (b) smaller decreases in NK cell
cytotoxicity, and (c) greater deficits in Con A responsiveness. Age did not demon-
strate a significant moderating effect with any of the immune variables. Ambulatory
status acted as a moderator variable in several cases. Specifically, depression was
positively related to proportions of CD4 cells in inpatients, but was negatively associ-
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TABLE 2
Random Effects of Moderator Analyses in Studies of Depression

Immune Number of Spearman Two-tailed
Moderator variable measure study groups r p ,

Subject characteristics
Sex (% female) Total B 12 .74 .01

Total CD3 16 .64 .01
NK activity 16 .64 .01

Age None
Ambulatory status PWM 14 2.69 .01

(1 5 inpatient; 0 5 outpatient) %CD4 15 .51 .05
%B 10 2.62 .05

Severity of depression Total CD8 15 .66 .01
%CD3 12 .57 .05
%CD4 15 .51 .05

Matching characteristics
Underrepresentation of females CD4/CD8 16 .64 .01

in control samples
Younger controls than depressed CD4/CD8 16 .65 .01

patients

ated with CD4 proportions among outpatients. Studies with depressed outpatients
found increased proportions of B cells, whereas studies of inpatients tended to find
that depression was associated either with decreased B-cell proportions or no change
in B cells. Depression also was associated with bigger functional deficits in PWM
response in studies of inpatients than in studies of outpatients. Studies with severely
depressed samples showed smaller reductions in CD8 cell counts, smaller reductions
in proportions of T cells, and greater increases in proportions of CD41 cells relative
to studies with less depressed samples. Finally, studies in which controls were poorly
matched to depressed patients on gender (higher percentages of females in depressed
group) and age (greater in depressives than in controls) were more likely than studies
with better matched controls to find increased CD4/CD8 ratios in the depressed
group.

Stressors and Immunological Assays

Fixed-effects meta-analysis. Under a fixed-effect model (see Table 3), significant
results were obtained with two of the seven major immune cell measures. Spe-
cifically, stress-associated increases in lymphocyte counts appear to be asso-
ciated with a total leukocytosis (r 5 .14) in the context of a relative neutropenia (r
5 2.26).

Significant results were obtained with 7 of the 13 cell surface markers. Relative
CD3, CD8, and NK cell levels; total CD4 counts; and CD4/CD8 ratios were nega-
tively associated with stressors (r’s 5 2.08 to 2.19). In contrast, absolute CD8 and
NK cell counts were positively associated with stressors (r’s 5 .19 and .52).

Significant results were obtained with two of the five humoral factors; EBV and
HSV antibody titers were positively associated with stressors (r’s 5 .36 and .38).
Significant results also were obtained for six of the seven functional measures; stres-
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sors were associated with decreases in proliferative response to PHA and Con A,
NK cytotoxicity, and IFN production and IL-2r receptor (IL-2r) induction following
mitogenic stimulation (r’s 5 2.19 to 2.66). Finally, stress-related increases in leuko-
cyte adhesiveness were observed as well (r 5 .45).

Random-effect meta-analysis. Under a random-effect model, there once again was
a decrease in the number of significant findings, though no effect sizes were reliably
smaller than under fixed-effect analyses. A leukocytosis, resulting from an absolute
lymphocytosis was observed. Significant findings were also obtained for four of the
cell surface markers (absolute CD8 and NK counts, relative CD3 levels, and CD4/
CD8 ratio), one humoral factor (EBV antibody titers), and five measures of cellular
immune function (proliferative response to PHA, Con A, and PWM; IL-2r induction
following mitogenic stimulation; and leukocyte adhesiveness).

Heterogeneity analyses. Considerable heterogeneity was observed in findings for
virtually every major immune cell measure and humoral factor. This variability ex-
tends to those measures that were significant in the random-effects analysis. Hetero-
geneous findings were somewhat less pronounced for the cell surface markers and
functional measures.

Random-effect moderator analysis. Significant results from these analyses are sum-
marized in Table 4. Additionally, complete subanalyses according to stressor chronic-
ity are shown in Table 3 for those variables that exhibited a trend (p , .10) for this
moderator variable. Studies with a higher percentage of female subjects than with
fewer females found stronger positive relations between stressors and numbers of
lymphocytes, CD3 cells, and CD4 cells. Studies with older subjects than with younger
subjects found stronger positive relations between stressors and number of CD4 cells.
Studies with hyperacute stressors found positive relations between stressors and num-
bers and percentages of NK cells and percentages of CD8 cells, whereas acute/
chronic stressors were inversely related to these lymphocyte subsets. Similar trends
were obtained for NK cytotoxicity where hyperacute stressors were associated with
increased lytic activity and acute/chronic stressors were associated with decreased
lytic activity. Corresponding to these results, hyperacute stressors were associated
with reduced CD4/CD8 ratios, whereas acute and chronic stressors were associated
with increased CD4/CD8 ratios. The experimental vs naturalistic stressor distinction
yielded identical differences as were obtained with the hyperacute vs acute/chronic
distinction; this likely reflects that almost all hyperacute stressors were experimenter-
induced. Collinearity prevented us from performing mediational analyses to explore
these relations. No moderator effects were observed with self-reported vs objectively-
verified stressors.

DISCUSSION

This article is the most comprehensive quantitative review of the relationship of
depression and stressors to immunological assays. The number of study groups
(.180) and measures (.40) examined considerably exceeds those presented in prior
reviews (Herbert & Cohen, 1993a, 1993b; Stein, Miller, & Trestman, 1991, Weisse,
1992). Also, we followed Rosenthal’s (1995) recommendation that meta-analyses
include both fixed- and random-effect types of inferential testing because each an-
swers a different question and makes different contributions. The fixed effect ap-
proach generally provides greater statistical power, but the results generalize only to
similar subjects who might have been included in the studies in the analysis. In con-
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TABLE 4
Random Effects of Moderator Analyses in Studies of Stressors

Number
Immune study Spearman Two-tailed

Moderator variable measure groups r p ,

Subject characteristics
Sex (% female) # lymphocytes 18 .46 .05

# CD3 18 .78 .001
# CD4 26 .65 .001

Age # CD4 26 .51 .01

Study characteristics
Temporal duration (1 5 hyperacute; # NK 21 .72 .001

0 5 other) % NK 8 .91 .01
% CD8 21 .43 .05
CD4/CD8 21 2.72 .001

Nature of stressor (1 5 experimen- # NK 21 .56 .01
tal; 0 5 naturally occurring) % NK 8 .91 .01

% CD8 21 .43 .05
CD4/CD8 21 2.72 .001

Source of information (self-report None
vs objective)

trast, the random-effect approach, though generally less powerful, permits generaliza-
tion to other studies from the same population from which the studies included in the
review were sampled. Furthermore, random-effect analyses explicitly take variable
findings between studies into account when predicting the range of effect sizes likely
to be seen in future studies. Finally, the present review is the first to include statistical
evaluations of heterogeneity and moderator effects.

Depression and Immunity

Depression’s relation to immunological assays is complex and, for many parame-
ters, significantly variable. Though 30 of 39 immune measures (77%) were signifi-
cantly associated with depression under fixed-effect analyses, heterogeneous findings
predominated. Not surprisingly, fewer [11 of 39 relations (28%)] were significant
under random-effects analyses based on the number of studies rather than the number
of subjects. By random-effect analyses, future studies of depressed patients are very
likely to observe (1) a lymphopenia and relative neutrophilia; (2) an increased CD4/
CD8 ratio, (3) increased circulating haptoglobin, sIL-6, and PGE2 levels; (4) reduced
NK cell cytotoxicity; and (5) reduced lymphocyte proliferative response to mitogen.
Additionally, under the fixed-effect analysis, accumulated subjects reliably exhibited
a relative monocytopenia (albeit in the context of a marginal absolute monocytosis);
an absolute decrease in NK-cell levels and relative decrease in T-cell levels; increased
levels of cells bearing activation markers (i.e., CD25 and HLA-DR); increased posi-
tive acute phase plasma protein (APP) levels, including α1-acid glycoprotein and
α1-antitrypsin; decreased negative acute phase plasma protein levels, specifically al-
bumin; and increased serum circulating soluble IL-2 receptors (sIL-2r). However,
the latter set of findings are too preliminary to indicate that future studies will obtain
similar results. Thus, major depression may be associated with immune activation
reminiscent of an acute phase response and is reliably associated with impairments
in NK- and T-cell-mediated functions.
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Previous fixed-effect meta-analytic reviews (Herbert & Cohen, 1993a) suggested
that elderly and hospitalized patients showed more pronounced alterations than young
or ambulatory depressives and that these differences pervaded across most immune
measures. Our results, which are based on many more studies and rely on the more
generalizable random effect approach, differ in part. The five moderator variables
that were examined only partially explained the enormous heterogeneity observed.
None was a significant moderator of more than three relations under the random-
effect model. Therefore, much of the heterogeneity was due to other factors. These
results point to the need for further exploration of other moderators of the relation
of depression to immunity (e.g., presence of melancholic/vegetative symptoms, co-
morbidity, time/season of sampling, and responsiveness to treatment). In addition,
follow-up studies and random-effect meta-analytic reviews with more power should
further examine the role of the moderators we have identified.

Our review and that of Herbert and Cohen (1993a) observed similar relations be-
tween depression and many immune measures. Thus, both reviews report a lympho-
penia and neutrophilia, reduced NK-cell levels and cytotoxicity, and reduced lympho-
cyte proliferative response to mitogen. However, conflicting results were obtained
for several measures. In contrast to their findings, we observed a relative monocyto-
penia rather than a monocytosis across accumulated subjects (although a reliable, but
very small, absolute monocytosis is evident in our accumulated studies). Further-
more, we did not observe consistent changes in the absolute number of circulating
B or T cells, nor in the helper/inducer (CD4) or suppressor/cytotoxic (CD8) subsets.
In contrast, Herbert and Cohen (1993a) reported significant decrements in each of
these cell subsets. In fact, we observed proportional increases in B-cell and CD4
populations (albeit in the face of a relative decrease in T-cell populations). Further-
more, we observed increased CD4/CD8 ratios across accumulated subjects, whereas
they reported reductions. Finally, in our review, significant relations were consistently
smaller in magnitude. These differences may be due to several factors. First, more
studies were available for our review. For the discrepant measures, our review exam-
ined two to six times more studies. This reduces the file-drawer issue and, therefore,
the chance of observing spurious relations (Rosenthal, 1991). Herbert and Cohen
(1993a) reported that the file-drawer issue was not a concern for many of these rela-
tions. However, their calculations of a fail-safe N were based on a fixed-effect model
that is likely to result in a large fail-safe model. More generally, a larger sample of
studies and subjects may provide a more reliable estimate of the true relation of
depression to the immune measures.

A second possible source of discrepancies is that newer studies may differ system-
atically on important moderator variables from studies included in their review. For
example, consistent differences in the samples’ sex ratio or severity of depression
as well as the adequacy of age and sex matching of controls might contribute to
discrepancies in the numerical B- and T-cell measures. Follow-up studies can deter-
mine whether such differences account for variable relations between depression and
B- and T-lymphocyte counts.

Stressors and Immunological Assays

As with depression and immunological assays, the relationship between stressors
and immunological assays is complicated and, for many parameters, significantly
variable. Though 19 of 32 immune measures (59%) were significantly associated with
various stressors under fixed-effect analyses, heterogeneous findings predominated.
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Because of the decrease in power, fewer relations (12 of 32, or 37%) were significant
under random-effect analyses. Future studies of stressed subjects (as determined by
random-effects analyses) are likely to find the following: (1) an absolute lymphocyto-
sis; (2) an absolute expansion of cytotoxic lymphocyte subsets (NK or CD8), mani-
festing as a relative reduction of T lymphocytes and the CD4/CD8 ratio; (3) increased
EBV antibody titers; (4) reduced T-cell proliferative response and proportions of IL-
2r-bearing cells following mitogenic stimulation; and (5) increased leukocyte adhe-
siveness.

Once again, a significant degree of heterogeneity was found for most immune
measures. For measures related to cytotoxic lymphocytes, the heterogeneity was, in
part, a function of the study design. Thus, experimental, hyperacute stressors reliably
increased circulating levels of cells bearing cytotoxic lymphocyte markers (i.e.,
CD16, CD56, or CD8). In contrast, studies of naturally occurring, acute/chronic stres-
sors consistently observed decreases in these cell populations as well as in NK cyto-
toxicity. Possibly a consequence of this, the former category of studies observed
reduced CD4/CD8 ratios, whereas the latter found increased or unaltered CD4/CD8
ratios. Other research (Brosschot et al., 1992; Schedlowski, Jacobs, Alker, & Prohl,
1993; Schedlowski, Jacobs, Stratmann, et al., 1993) suggests that this pattern repre-
sents a biphasic, cell-trafficking response rather than a change resulting from sus-
tained exposure to stressors. This pattern also appears to be true of NK cytotoxicity
(Brosschot et al., 1992; Kappel et al., 1991), though we were unable to demonstrate
it to a statistical certainty, possibly because of low power. This difference between
studies of experimental, hyperacute stressors and studies of naturalistic, nonhyper-
acute stressors also seems to explain the apparent discrepancy between our findings
for relative and absolute CD8 levels. That is, a much greater proportion of studies
of CD8 counts utilized experimental or hyperacute stressors, whereas a greater pro-
portion of studies of relative CD8 levels utilized other stressors. When these studies
are separated by these distinctions, results are quite comparable across both measures.
Thus, the initial response to stressors may be a demargination of cytotoxic lympho-
cytes, with a concomitant increase in circulating counts and lytic activity. Within a
few hours, however, cytotoxic lymphocyte counts and activity are significantly re-
duced, accompanied by an increased CD4/CD8 ratio.

Again, our fixed effect review and Herbert and Cohen’s (1993b) fixed-effect re-
view of stressor studies generated similar findings on many measures. Both reviews
observed the following stress-related changes: leukocytosis, reduced CD4 counts,
increased HSV antibody titers, and reductions in T-cell proliferative response to mito-
gen. Furthermore, both suggest a biphasic response of circulating cytotoxic lympho-
cyte levels and lytic activity to stressors. Differences observed between the two re-
views, such as findings for NK cells and CD4/CD8 ratios, probably reflect the
different types of studies included in each review—our review had proportionally
more studies of hyperacute, laboratory-induced stressors.

Comparison of Depression and Stressor Findings

Utilizing results from both fixed- and random-effect analyses, both depression and
stressors have been reliably associated with an absolute leukocytosis, a relative reduc-
tion in T-cell populations and lowered lymphocyte proliferative response to mitogen.
Additionally, both depression and acute/chronic stressors have been reliably related
to reduced NK-cell levels and lytic activity as well as increased CD4/CD8 ratios.
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TABLE 5
Summary of Expected Immunological Correlates of Depression and Stressors

Measure Weighted r Unweighted r

Depression
↑ Leukocytes .19* .27*
↓ % lymphocytes 2.48* 2.22*
↑ % neutrophils .54* .32*
↑ CD4/CD8 ratio .19* .17*
↑ Haptoglobin .45* .50*
↑ PGE2 .52* .54*
↑ IL-6 .37* .35*
↓ NK cytotoxicity 2.35* 2.34*
↓ Lymphocyte proliferative response to mito- 2.21–2.26* 2.31–2.34*

gen (PWM, Con A, and PHA)
Stressors

↑ Leukocytes .14* .17*
↑ # lymphocytes .09 .19*
↓ % CD3 (T cells) 2.18* 2.14*
↑ EBV antibody titers .38* .38*
↓ Lymphocyte proliferative response to mito- 2.16–2.29* 2.21–2.41*

gen (PMW, Con A, and PHA)
↓ % IL-2r bearing cells following mitogen- 2.66* 2.66*

esis
↑ Leukocyte adhesiveness .45* .44*

Hyperacute stressors
↑ # CD8 (suppressor/cytotoxic lymphocytes) .27* .33*
↑ # NK (natural killer lymphocytes) .64* .65*
↑ % NK .53* .52*
↓ CD4/CD8 ratio 2.46* 2.44*

Acute chronic stressors
↓ % CD8 2.10* 2.11*
↓ NK cytotoxicity 2.23* 2.24*

* p , .05 differs from 0.

However, for both depression and stressors, variable findings are the rule, not the
exception. Under the more generalizable random-effect model, only three differ-
ences—leukocytosis, reduced blastogenic response to PHA, and reduced NK cell
cytotoxicity—are very likely to be observed in relation to both depression and acute/
chronic stressors.

Some immune alterations may discriminate stressed and depressed individuals.
Opposite relations have been reliably observed for lymphocyte counts (increased by
stress and decreased in depression). Furthermore, preliminary findings indicate that
depressed patients display an excess of circulating IL2r-bearing cells, whereas no
such stressor-related excesses are reliably observed. Finally, there is some suggestion
that immunologic differences may be larger in depressed patients than in stressed
individuals (see Table 5). Future work should attempt to reproduce these differences
within a single study design and determine their possible pathophysiologic signifi-
cance.

One factor to consider when interpreting nonsignificant results obtained under
random-effect analyses is the available statistical power. Clearly, some homogeneous



214 ZORRILLA ET AL.

relations that were significant under fixed-effect analysis are unlikely to be revealed
under a random-effect model simply because of the paucity of studies (e.g., depres-
sion and CD251 lymphocytes). For relations that involve few studies, an alternative,
descriptive metric to consider is the coefficient of robustness (CR), which explicitly
takes variable findings into account. Because no published standards exist, we used
one that is suggested by the present review: CRs of an absolute magnitude greater
than 1 are moderate to large (the effect size being at least as large as its associated
standard deviation). For depression, this standard suggests that the following findings
are the most robust of those reviewed: (1) a relative lymphopenia and neutrophilia,
(2) increased numbers of circulating lymphocytes bearing activation markers, (3)
increased levels of positive acute phase proteins and decreased levels of negative
acute phase proteins, (4) altered immunoglobulin levels (increased IgM and decreased
IgG), (5) increased circulating prostaglandin and IL-6 levels, and (7) decreased NK
cytotoxicity. In stressors, the most robust findings have been (1) changes in cytotoxic
lymphocyte levels, lytic activity, and CD4/CD8 ratios, with the direction of change
depending on stressor chronicity; (2) a relative decrease in circulating T cells; (3)
increased antibodies to Epstein–Barr virus (EBV); (4) decreased proportions of IL2r
positive cells and production of interferon (IFN) following mitogenic stimulation;
and (5) increased leukocyte adhesiveness. Future studies should attempt to replicate
those findings that are robust, but preliminary. Indeed, with a sufficient number of
studies (k 5 21), a relation of only moderate robustness—the leukocytosis associated
with stressors (CR’s 5 0.5–0.7)—was shown to be reliably expected in future
studies.

Unique Features of the Meta-Analysis

The meta-analytic approach in this study is unique in some respects. The presenta-
tion included (a) two effect size measures (weighted and unweighted r’s), (b) two
measures of the consistency of findings (coefficient of robustness and heterogeneity
tests), and (c) two tests of significance (fixed effect and random effect). This compre-
hensive approach recognizes the complexity of the meta-analytic task and the need
to consider issues such as effect size, statistical significance, and consistency of find-
ings from different perspectives. We have attempted to specify which question each
of these data presentations is designed to address rather than rank the various presen-
tations according to their purported validity or ‘‘correctness.’’

CONCLUSION

The present article updates and extends Herbert and Cohen’s (1993a, 1993b) earlier
efforts to quantify the relations of depression and stressors to immunological assays.
Our review indicates that statistically reliable immunologic differences exist in de-
pressed and stressed individuals, as was the case at the time of previous reviews
(Herbert & Cohen, 1993a, 1993b; Stein et al., 1991; Weisse, 1992). Also of note,
we observed interlaboratory reproducibility for these findings, whereby at least two
independent laboratories obtained results consistent with the overall significant effect
(data not shown). Nevertheless, the clinical significance of these variations for a
person’s health remains largely unknown. This type of significance is briefly consid-
ered here: reduced NK cytotoxicity is associated with increased morbidity for many
diseases, including cancer and infectious disease (Whiteside, 1990) and has been
suggested to be a risk factor for accelerated HIV progression (see Evans et al., 1995
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for a review). Furthermore, lowered lymphocyte proliferative responsiveness is
associated with increased numbers of hospitalizations and mortality in the elderly
(Murasko, 1990; Murasko, 1988) and accelerated HIV progression (Murray et al.,
1985). However, these prognostic relations might be irrelevant to the typical impact
of psychosocially related immunologic differences on disease. The differences ob-
served in prognostic studies were much larger; were lifelong (Whiteside, 1990);
might be consequent to, rather than the cause of, deteriorating health (Murasko, 1988,
1990; Murray et al., 1985); and might be specific to the elderly (Murasko, 1988,
1990). More to the point, neither depressive symptoms nor stressors per se have
been linked to accelerated HIV progression (Zorrilla, McKay, Luborsky, & Schmidt,
1996).

Nevertheless, evidence has linked stressors and/or depression to increased suscep-
tibility to the common cold and upper respiratory infections (Cohen, 1991, 1996;
Kiecolt-Glaser, Dura, Speicher, Trask, & Glaser, 1991), increased clinical recurrence
of HSV (Zorrilla et al., 1996), and marginally increased cancer morbidity (McGee,
Williams, & Elwood, 1994). Results from one such study (Linkins & Comstock,
1990; Covey, Glassman, & Dalack, 1991), however, suggest that at least one of these
disease relations may be attributed more parsimoniously to behavioral, rather than
immunologic, differences. To date, no human study has demonstrated through path
analyses or related mediational strategies (Baron & Kenny, 1986) that psychoimmu-
nologic differences are responsible for psychodisease relations. Moreover, no human
studies have demonstrated that the magnitude of immunologic differences revealed in
the present review have significant deleterious effects on a person’s health, although
experimental animal research is suggestive. More work is needed to show the degree
to which the immunological alterations seen in depressed and stressed people have
clinical relevance.

Although the clinical significance of the alterations in immune measures that are
associated with depression and stressors is not clear, comparing our results with those
obtained in meta-analyses of research in other fields can at least provide an indication
of the relative size of the effects we observed. In our meta-analysis, the absolute
values of the effect sizes for the immune variables that were significant under the
random effect analyses ranged from r 5 .17 to r 5 .54 in the depression studies and
from r 5 .11 to r 5 .66 in the stressor studies. According to conventions established
by Cohen (1992), these results were indicative of small to large effects for both
depression and stressors. By way of comparison, Lipsey and Wilson (1993) recently
conducted a meta-analysis of results from 302 meta-analyses of psychological, educa-
tional, and behavioral treatment interventions. The overall effect size from these
meta-analyses was d 5 .50, which is equivalent to r 5 .24. According to Cohen
(1992), this represents a medium effect and is typically considered clinically signifi-
cant. Lipsey and Wilson (1993) also summarized meta-analyses that had been done
for various medical treatments (e.g., aortocoronary bypass surgery, chemotherapy
for breast cancer, drug treatments for arthritis, and drug treatments for behavioral
disorders). These studies yielded effects sizes that typically ranged from r 5 .05 to
r 5 .43. These comparisons indicate that the effects we observed with some of the
immune measures are relatively large in comparison to effects observed in other areas
of psychological and medical research.

Finally, an accumulating set of findings synthesized in the present meta-analysis
suggest that major depression, but not stressors, is associated with immune activation
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reminiscent of an acute phase response. Most previous speculation has focused on the
possibility that depression increases susceptibility to diseases that opportunistically
exploit reductions in specific and natural immunity. Evidence for a macrophage-
mediated inflammatory process suggests that future research should more closely
examine the risk for and progression of autoimmune disorders and hypersensitivity
disorders in depressed patients (Kagan, Snidman, Julia-Sellers, & Johnson, 1991;
Parker, Smarr, Angelone, & Mothersead, 1992).

Future research should replicate the preliminary findings that indicate an inflam-
matory process in depression. Maes and colleagues have argued that macrophage
activation, with concomitant monokine release, is involved in depression’s inflam-
matory response (Maes, 1995; Maes, Smith, & Sharpe, 1995). In rats, exposure to
uncontrollable shock, a putative animal model of depression, increases CD4/CD8
ratios and produces impairments in T-cell-mediated proliferation that depend on acti-
vated macrophages (Fleshner, Bellgrau, Watkins, Laudenslager, & Maier, 1995). The
close correspondence of these experimental findings to those obtained in our review
of studies of depressed patients is striking. It suggests that the impairments in T-
and NK-cell-mediated functions observed in depressed patients may be secondary to
macrophage activation, which also likely contributes to their apparent acute phase
response.

ACKNOWLEDGMENTS

We acknowledge partial support from the National Institute on Drug Abuse Research Scientist Award
2K05 DA 00168-23A (to Lester Luborsky) and NIMH Clinical Research Center Grant MH 45178 (to
Paul Crits-Christoph).

REFERENCES

References marked with an asterisk indicate studies included in the meta-analysis.

Ader, R., Felten, D. L., & Cohen, N. (Eds.) (1991). Psychoneuroimmunology, 2nd ed. Academic Press:
San Diego.

*Albrecht, J., Helderman, J. H., Schlesser, M. A., & Rush, A. J. (1985). A controlled study of cellular
immune function in affective disorders before and during somatic therapy. Psychiatry Res. 15, 185–
193.

*Altshuler, L. L., Plaeger-Marshall, S., Richeimer, S., Daniels, M., & Baxter, L. R. (1989). Lymphocyte
function in major depression. Acta Psychiatr Scand. 80, 132–136.

American Psychiatric Association. (1980). Diagnostic and statistical manual of mental disorders (3rd
ed.). Author: Washington, DC.

American Psychiatric Association. (1987). Diagnostic and statistical manual of mental disorders (3rd
ed. rev.). Author: Washington, DC.

*Amsterdam, J., Henle, W., Winokur, A., Wolkowitz, O., Pickar, D., & Paul, S. (1986). Serum antibodies
to Epstein–Barr virus in patients with major depressive disorder. Am. J. Psychiatry 143(12), 1593–
1596.

*Anesi, A., Franciotta, D., Di Paolo, E., Zardini, E., Melzi d’Eril, G., & Zerbi, F. (1994). PHA-stimulated
cellular immune function and T-lymphocyte subsets in major depressive disorders. Funct. Neurol.
9, 17–22.

*Arber, N., Berliner, S., Arber, L., Lipshitz, A., Sinai, Y., Zajicek, G., Eilat, Y., Pinkhas, J., & Aronson,
M. (1992). The state of leukocyte adhesiveness/aggregation in the peripheral blood is more sensitive
than the white blood cell count for the detection of acute mental stress. J. Psychosom. Res. 36, 37–
46.

*Arber, N., Berliner, S., Tamir, A., Liberman, E., Segal, G., Pinkhas, J., & Aronson, M. (1991). The



DEPRESSION AND STRESSORS 217

state of leukocyte adhesiveness/aggregation in the peripheral blood: A new and independent marker
of mental stress. Stress Med. 7, 75–78.

*Bachen, E. A., Manuck, S. B., Marsland, A. L., Cohen, S., Malkoff, S. B., Muldoon, M. F., & Rabin,
B. S. (1992). Lymphocyte subset and cellular immune responses to a brief experimental stressor.
Psychosom. Med. 54, 673–679.

*Baker, G. H. B., Byrom, N. A., Irani, M. S., Brewerton, D. A., Hobbs, J. R., Wood, R. J., & Nagvekar,
N. M. (1984). Stress, cortisol, and lymphocyte subpopulations. The Lancet 1(8367), 574.

Baron, R. M., & Kenny, D. A. (1986). The moderator-mediator variable distinction in social psychologi-
cal research: Conceptual, strategic, and statistical considerations. J. Personal. Soc. Psychol. 51(6),
1173–1182.

*Bartoloni, C., Guidi, L., Frasca, D., Antico, L., Pili, R., Cursi, F., Di Giovanni, A., Rumi, C., Menini,
E., Carbonin, P., Doria, G., & Gambassi, G. (1991). Immune parameters in a population of institu-
tionalized elderly subjects: Influence of depressive disorders and endocrinological correlations.
Mech. Ageing Dev. 60, 1–12.

*Bauer, M. E., Gauer, G. J., Luz, C., Silveira R. O., Nardi, N. B., & von Mühlen, C. A. (1995). Evaluation
of immune parameters in depressed patients. Life Sci. 57(7), 665–674.

*Benschop, R. J., Brosschot, J. F., Godaert, G. L., De Smet, M. B., Geenen, R., Olff, M., Heijnen, C. J., &
Ballieux, R. E. (1994). Chronic stress affects immunologic but not cardiovascular responsiveness to
acute psychological stress in humans. Am. J. Physiol. 266, R75–R80.

*Benschop, R. J., Nieuwenhuis, E. E., Tromp, E. A., Godaert, G. L., Ballieux, R. E., & van Doornen,
L. J. (1994). Effects of beta-adrenergic blockade on immunologic and cardiovascular changes in-
duced by mental stress. Circulation 89, 762–769.

*Birmaher, B., Rabin, B., Garcia, M., Jain, U., Whiteside, T., Williamson, D., Al-Shabbout, M., Nelson,
B., Dahl, R., & Ryan, N. (1994). Cellular immunity in depressed, conduct disorder, and normal
adolescents: Role of adverse life events. J. Am. Acad. Child Adol. Psychiat. 33(5), 671–678.

*Brosschot, J. F., Benschop, R. J., Godaert, G. L., de Smet, M. B., Olff, M., Heijnen, C. J., & Ballieux,
R. E. (1992). Effects of experimental psychological stress on distribution and function of peripheral
blood cells. Psychosom. Med. 54, 394–406.

*Brosschot, J. F., Benschop, R. J., Godaert, G. L. R., Olff, M., De Smet, M., Heijnen, C. J., & Ballieux,
R. E. (1994). Influence of life stress on immunological reactivity to mild psychological stress.
Psychosom. Med. 56, 216–224.

*Brosschot, J. F., Smelt, D., De Smet, M., Heijnen, C. J., Olff, M., Ballieux, R. E., & Godaert, G. L. R.
(1991). Effects of experimental psychological stress on T-lymphocytes and NK cells in man: An
exploratory study. J. Psychophysiol. 5, 59–67.

*Cacioppo, J. T., Malarkey, W. B., Kiecolt-Glaser, J. K., Uchino, B. N., Sgoutas-Emch, S. A., Sheridan,
J. F., Berntson, G. G., Glaser, R. (1995). Heterogeneity in neuroendocrine and immune responses
to brief psychological stressors as a function of autonomic cardiac activation. Psychosom. Med. 57,
154–164.

*Calabrese, J. R., Skwerer, R. G., Barna, B., Gulledge, A. D., Valenzuela, R., Butkus, A., Subichin,
S., & Krupp, N. E. (1986). Depression, immunocompetence, and prostaglandins of the E series.
Psychiatry Res. 17, 41–47.

*Caldwell, C., Irwin, M., & Lohr, J. (1991). Reduced natural killer cell cytotoxicity in depression but
not in schizophrenia. Biol. Psychiatry 30, 1131–1138.

*Cappel, R., Gregoire, F., Thiry, L., & Sprecher, S. (1978). Antibody and cell-mediated immunity to
herpes simplex virus in psychotic depression. J. Clin. Psychiatry 39, 266–268.

*Chi, D. S., Neumann, J. K., Mota-Marquez, M., & Dubberley, F. A. (1993). Effects of acute stress on
lymphocyte beta 2-adrenoceptors in white males. J. Psychosom. Res. 37, 763–770.

Cohen, J. (1992). A power primer. Psychol. Bull., 112, 155–159.

Cohen, S. (1996). Psychological stress, immunity, and upper respiratory infections. Curr. Dir. Psychol.
Sci. 5, 86–90.

*Cohen, S., Tyrrell, D., & Smith, A. P. (1991). Psychological stress and susceptibility to the common
cold. N. Engl. J. Med. 325, 606–612.

*Cosyns, P., Maes, M., Vandewoude, M., Stevens, W. J., De Clerck, L. S., & Schotte, C. (1989). Impaired



218 ZORRILLA ET AL.

mitogen-induced lymphocyte responses and the hypothalamic pituitary-adrenal axis in depressive
disorders. J. Affective Disord. 16, 41–48.

Covey, L. S., Glassman, A., & Dolack, G. W. (1991). Re: ‘‘Depressed mood and development of cancer.’’
Am. J. Epidemiol. 134, 324–325.

*Darko, D. F., Gillin, J. C., Risch, S. C., Bulloch, K., Golshan, S., Tasevska, Z., & Hamburger, R. N.
(1989). Mitogen-stimulated lymphocyte proliferation and pituitary hormones in major depression.
Biol. Psychiat. 26, 145–155.

*Darko, D. F., Irwin, M. R., Risch, S. C., & Gillin, J. C. (1992). Plasma beta-endorphin and natural
killer cell activity in major depression: A preliminary study. Psychiat. Res. 43, 111–119.

*Darko, D. F., Lucas, A. H., Gillin, J. C., Risch, S. C., Golshan, S., Hamburger, R. N., Silverman,
M. B., & Janowsky, D. S. (1988). Cellular immunity and the hypothalamic-pituitary axis in major
affective disorder: A preliminary study. Psychiat. Res. 25, 1–9.

*Darko, D. F., Rose, J., Gillin, J. C., Golshan, S., & Baird, S. M. (1988). Neutrophilia and lymphopenia
in major mood disorders. Psychiat. Res. 25(3), 243–251.

*Darko, D. F., Wilson, N. W., Gillin, J. C., & Golshan, S. (1991). A critical appraisal of mitogen-induced
lymphocyte proliferation in depressed patients. Am. J. Psychiat. 148(3), 337–344.
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Neels, H., & Scharpé, S. (1997). Lower serum dipeptidyl peptidase IV activity in treatment resistant
major depression: Relationships with immune-inflammatory markers. Psychoneuroendocrinology
22, 65–78.

*Maes, M., Lambrechts, J., Bosmans, E., Jacobs, J., Suy, E., Vandervorst, C., DeJonckheere, C., Minner,
B., & Raus, J. (1992). Evidence for a systemic immune activation during depression: Results of
leukocyte enumeration by flow cytometry in conjunction with monoclonal antibody staining. Psy-
chol. Med. 22, 45–53.

*Maes, M., Meltzer, H., Bosmans, E., Bergmans, R., Vandoolaeghe, E., Ranjan, R., & Desnyder, R.
(1995). Increased plasma concentrations of interleukin-6, soluble interleukin-6, soluble interleukin-
2 and transferrin receptor in major depression. J. Affect. Disord. 34, 301–309.

*Maes, M., Meltzer, H. Y., Buckley, P., & Bosmans, E. (1995). Plasma-soluble interleukin-2 and trans-
ferrin receptor in schizophrenia and major depression. Arch. Psychiat. Clin. Neurosci. 244(6), 325–
329.
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