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Abstract
This research reports immune function and health outcomes in women with depression, as compared with a non-
depressed control group. Using Psychoneuroimmunolgy theory and a descriptive comparison design, scores on the 
Beck Depression Inventory (BDI) were used to divide 40 non-hospitalized Caucasian women between the ages of 18 
and 65 years into either the control or depression comparison group. Women with depression were found to report 
significantly more incidences of illness over the previous two months and they were found to have significantly more 
indicators of illness at the time of the exam as compared to the controls. However, contrary to what has been 
documented in some earlier studies of depression, women with depression were not found to have significantly 
different immune function measures as compared to the control group. There was also no significant correlation 
between scores on the BDI and natural killer cell cytotoxicity in this study. While these findings support a connection 
between depression and both increased self-report of illness and increased signs and symptoms of minor illness or 
inflammation on physical exam, this study was not able to document that these effects were related to decreased 
immune function, as measured by natural killer cell activity or white blood cell counts.

Introduction
Depression is a biological, psychological, and social ill-
ness that affects roughly 15 million American adults in
any given year. Depression costs billions of dollars in lost
time, productivity, personnel replacement, medical care
and, tragically, loss of life. The cost to women is dispro-
portionally higher, with women representing about two-
thirds of those affected [1]. In addition, at least one study
demonstrated that women with depression have higher
costs related to greater work absence than males with
depression [2]. But is all of the morbidity from depression
directly connected to the psychological aspects of the dis-
ease, or are people with depression actually more suscep-
tible to physical illnesses?

According to Psychoneuroimmunolgy (PNI) theory, the
central nervous system (CNS), peripheral nervous system
(PNS), endocrine system, and immune system are part of
an intricate communication and feedback system. Any
action that causes change or illness in one part of this sys-
tem, such as the CNS, can potentially cause changes in
the other parts of the PNI system, such as endocrine or

immune systems. Evidence suggesting that psychological
stressors such as depression can alter immunological
functions and possibly increase susceptibility to physical
disease has accumulated over the past several decades [3].

Studies of Depression and Immune Function
While there have been several studies indicating that
depression may cause changes in immune function, stud-
ies documenting immune changes and actual health out-
comes are rare. Therefore, the clinical significance of
immune changes in depression is largely unknown. In
addition, while most studies have found decreased
immune function, particular in severely depressed hospi-
talized men, this finding has not been consistently sup-
ported in studies of non hospitalized women or those
with less severe depression.

One early study of depression and immune function
reported that persons with major depression actually may
have increased numbers of NK cells in the blood, while
other lymphocyte subset counts were not significantly
different from that of control subjects [4]. Another small
study found no differences in a number of immune sys-
tem parameters using a mixed gender sample. There were
no significant differences in cytokine measures such as
IL-4, IL-10, TNF-alpha, IFN-gamma, no significance dif-
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ferences in levels of immunoglobulins, and no differences
in the total number of NK cells, B cells, and T cells
between persons with major depression (n = 37) and
healthy control subjects (n = 15) [5]. A third early study
found no significant difference in the number of lympho-
cytes or lymphocyte subsets between those with depres-
sion and those in the control group. There was also no
difference in lymphocyte response to mitogens or NKCA.
However, there were significant differences in subsets of
the sample, with age, severity of depression, and hospital-
ization states being associated with significant immune
changes. The authors concluded that changes in immune
function may not be found in the overall population of
those with depression, but might be seen in certain sub-
sets, such as those who have more severe depression or
are hospitalized [6].

As time and techniques improved, more studies started
to include a wider range of outcome measures, including
measurement of various inflammatory cytokines. In a
small study of patients with major depression (n = 17), in
addition to decreased NKCA, the patients also had
increased IL-2 levels, compared with the control group (n
= 10) [7]. IL-2 is a cytokine which increases inflammatory
responses and normally increases NKCA, but even with
higher levels of IL-2 the patients in this study still had
lower natural killer cell functioning. Another study of 25
male patients with major depressive disorder docu-
mented both decreased NKCA and higher levels of circu-
lating IL-6, another cytokine which increases
inflammation and stimulates immune cell activity [8].
These outcomes indicate that the depressed subjects in
these studies had both decreased cellular immune func-
tion (measured by NKCA) and increased inflammatory
cytokines. This later finding could also be of clinical sig-
nificance if it could be shown that these subjects had
increased signs and symptoms of inflammation, but
health outcomes were not documented in this study.

As can be inferred from the above studies, higher levels
or counts of any given immune system component does
not necessarily indicate better ability to resist disease or
better health outcomes in general. According to a meta-
analysis of several studies which measured both cell
counts and the cell's ability to respond to disease causing
organisms, it appears that while an increase in circulating
white cells (usually neutrophils) is sometimes found in
depression, these neutrophils demonstrate decreased
phagocytic activity, indicating a decreased ability to
defend the body against pathogens [9]. Therefore, assays
which measure cellular cytotoxicity (such as measures of
NKCA) may provide a better measure of the immune sys-
tem's ability to provide an effective defense against dis-
ease.

Looking at studies of cellular immune function as mea-
sured by cytotoxicity or phagocytic response to mitogens,

there is now accumulated data that documents generally
decreased NKCA in persons with depression [8-12].
According to a meta-analysis by Irwin and Miller (2007),
depression can lead to decreased cellular immune func-
tion as evidenced by decreased NKCA, decreased lym-
phocyte proliferation in response to mitogens, and
decreased virus specific T cell responses. In addition,
depression can cause increased inflammatory response
from the immune system, as evidenced by increased
overall WBC level and increased levels of pro-inflamma-
tory cytokines [13]. Another important finding is that
alterations in immune function seen in depression can be
improved by successful antidepressant treatment [14-17].
For example, in a study of males with depression, success-
ful treatment of the depression with an SSRI (citalopram)
improved NKCA, while those who demonstrated no clin-
ical response to the antidepressant treatment also had no
improvement in NKCA [18].

Whether the above results hold true in female subjects
is somewhat more debatable. Despite the relatively higher
numbers of women with depression, early studies of
immune function tended to avoid using female subjects,
for fear that hormonal changes would interfere with the
immune function results. A meta-analysis by Zorrilla et
al. noted that studies of depression and immune function
which included higher numbers of female subjects
showed smaller decreases in NK cell functioning [9]. And
a study by Motzer et al. (2002) of women with irritable
bowel syndrome (IBS) and co-morbid depression
reported no significant difference in NKCA between
groups[19].

In summary, the literature to date demonstrates that
most studies of depression and immune function report
lower absolute NK cell counts and/or lower NKCA, par-
ticularly in the more seriously depressed and/or hospital-
ized populations [9]. However, depression related
decreases in NKCA may be gender specific, as studies of
men with depression have more consistently reported
decreased NK activity, compared to studies of women
with depression [9,20]. These findings and others provide
the background and impetus for continued study of
depression, immune function and health outcomes in
women. The hypothesis tested in this study is that
women with depression will have decreased immune
function and increased symptoms of illness and/or
inflammation, compared to women without depression.

Methods
A descriptive comparative design was used to determine
if there was a significant difference between depressed
and non-depressed women on either immune function,
as measured by NKCA and WBC with differentials, or
health outcomes on a physical exam. Methods for this
dissertation study were approved in 2000 by the Indiana
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State University Institutional Review Committee for the
use of Human subjects. Community dwelling (non-hospi-
talized) women were solicited for inclusion in this study
using a variety of methods, including community bulletin
boards, churches, newspaper advertisements, e-mail,
community mailing, and community clinics. The women
were aware that the researcher was interested in the
effects of depression on women's health, but that they did
not have to be depressed to be included in the study. Par-
ticipants were pre-screened by phone to determine if
they met the inclusion and exclusionary criteria (see table
1). Those meeting the study criteria were scheduled for
participation. The final sample was made up of 40 non-
hospitalized women between the ages of 18 and 65 years
old.

A comparison of demographic variables is displayed in
table 2. The mean age of participants was 41 years old.
Scores on the Beck Depression Inventory (BDI) were
used to divide the participants into either the control or
depression comparison group. Of the forty participants,
23 had BDI scores which indicated at least mild levels of
depression, while 17 had scores which allowed them to be
placed in the control group. The groups did not differ sig-
nificantly by age, use of antidepressants, menstrual phase
or menstrual day, BMI, number of office visits or use of
antibiotics in the past two months.

Data Collection and Procedures
After informed consent, participants completed the Beck
Depression Inventory, the Health Questionnaire, had a
health history and physical exam, urinalysis, CBC and
blood drawn for the natural killer cell assay. The physical
exams were performed by nurse practitioners who were
blind to subject group, the natural killer cell assay was
performed by a nurse researcher also blind to subject
group. Persons who tested depressed on the BDI were

offered assistance in accessing professional help if they so
desired.

Measures of immunity
Measurement of the total number of circulating leuko-
cytes is a common and easy to conduct test and is fre-
quently used in evaluation of various disease process.
Therefore this test was included as a simple measure of
immune function. A dipstick urine analysis was per-
formed as another test for infection. Both urinalysis and
WBC count were measured by routine laboratory guide-
lines. The blood was processed in an automated Coulter
counter to determine the WBC count. A CLIA-CERTI-
FIED laboratory completed the standard WBC and dif-
ferential.

In addition, a more specific measure of immune func-
tion, NCKA, was used to determine if there was signifi-
cant difference in immune function between depressed
and non-depressed women. For this study, a modified
version of the NK assay was used, which involved K 562
target cells grown up in one culture, then frozen in lots
for use during the entire study. One lot of the prepared
target cells were thawed 72 hours before each assay, then
split 24 hours before use in the assay. In our previous
work a side by side comparison of this modified proce-
dure with the standard procedure yielded a mean test-
retest reliability of 0.904 for five control subjects over a
five-week period, compared to a mean test-retest reliabil-
ity of 0.777 for the standard 51 Cr release NK cell activity
assay[21].

NK cell activity was measured using fresh donor cells in
a modified version of the standard four hour chromium
release assay. Triplicate data from the NK assay was
examined to determine measures of central tendency and
check for outliers. The data was accepted or rejected
based on criteria developed by Stone, et al. [22]. The
K562 cells were labeled and viability was ascertained
before data collection procedures each day. If the K562
viability was less than 80% or the spontaneous release was
greater than 10% of the maximum release, another batch
of K562 cells would have been used. For this study the
spontaneous release remained below 10% of the maxi-
mum release, and all targets had a viability greater than
80% on all days of the study. Natural killer cell cytotoxic-
ity was determined for effector to target ratios of 40:1,
20:1, 10: and 5:1, which was then was converted into stan-
dardized lytic units (LU) using the method described in
previous research [23].

Measures of depression
Due to the ease of administration, the Zung self-rating
depression scale was utilized for telephone prescreening
of participants [24]. Scores on the BDI, which detects and
assess intensity of depression, were used to assign partici-

Table 1: Sample Inclusion and Exclusion Factors

Inclusion Factors Exclusion Factors

Female 1. Minor surgery in the preceding two weeks

Age 18-65 2. Chronic illness

Non-Pregnant 3. Major surgery in the preceding six months

4. Use of any street drugs or over 1 pack of 
cigarettes daily

5. Use of alcohol over 10 ounces per week

6. Taking immunosuppressant.

7. Use of nutritional supplements other than 
one daily multivitamin and/or a calcium 
supplement

8. Working the 11-7 shift in the past three days

9. Exercising more than seven hours per week

10. Fear of having blood drawn for lab testing
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pants into either the depression or control group. The
BDI includes an assessment of 21 symptoms and attitudes
that are rated from 0 to 3 in terms of intensity. It takes 5
to 10 minutes to complete and is scored by summing the
ratings of each of the 21 items [25]. The total BDI score
was utilized to determine the level of depression. Partici-
pants who scored from 0 to 9 were determined to be
within the normal range and placed in the control group.
Participants who scored between 10 and 18 were classi-
fied as mild to moderately depressed; 19 to 29, moderate
to severely depressed; and 30 and above, extremely
severely depressed. All participants that scored above ten
were placed in the depressed group.

Measures of health
The self-report Health and Lifestyle Questionnaire [26]
was used to operationalize a wide variety of self reported
health problems. Test-retest reliability coefficient for this
instrument was reported as 0.89 in prior studies [27]. In
addition to the self-report measure, a physical examina-
tion was performed by nurse practitioners to document
signs and symptoms of current illnesses or infectious pro-
cesses. Examiners were blinded to participant's group sta-
tus. They followed an established protocol investigating
for generalized infectious and/or inflammatory processes
in the integumentary system, respiratory tract, gastroin-
testinal tract and genitourinary tract. A routine review of
systems was also completed as part of the physical exam.
Positives and negatives were recorded on the tool pro-
vided. Total positives were summed and used as the index
score for physical exams. The higher the score the more
signs and symptoms of illness, infectious and/or inflam-
matory processes were found.

Statistical Methods
Pearson-r was used to examine relationships among the
variables. A minimum sample size of thirty-two partici-
pants insured an 85% chance of detecting a population
Pearson correlation coefficient of 0.5. Therefore, a sample
size of 40 was adequate to provide valuable information

in this initial investigation of depression, immune func-
tion and health. Student t-tests were utilized to compare
the two groups on the different variables. However, it
must be noted that the sample size afforded in this study
was too small to obtain power for this analysis.

Results
The hypothesis tested in this study was that women with
depression would have decreased immune function and
increased symptoms of illness and/or inflammation,
compared to women without depression. The second
part of this hypothesis was supported in this study. Stu-
dent independent t-tests were used to document signifi-
cant differences between the control and the depression
group. The participants in the depression group were
found to be significantly different than the controls on
several of the health outcomes. Women in the depressed
group had significantly more findings on the review of
systems, physical exam, total physical exam, and number
of days missed from school or work when compared with
women in the comparison group.

Women with depression were found to report signifi-
cantly more incidences of infection and illness over the
previous two months than the controls (t = -5.05, p < =
0.001). Table 3 shows selected health outcomes for
women in both groups. The mean numbers of illnesses
experienced in the past two months by each group were:
depressed group 188 and control group 53. Additional
findings include significant differences between groups
on the report of headache, upset stomach, nausea and
vomiting, no energy and yeast infections. In each case the
depressed group reported significantly more problems
with these signs and symptoms in the past two months.
In addition, at the time of the physical exam, women with
depression were found to have significantly more posi-
tives on the review of systems (t = -4.01, p < = 0.001).

Table 4 demonstrates the findings on the history part of
the physical exam for women in both groups. Depressed
women reported a mean of 8 positives while controls

Table 2: Comparison of Groups on Demographic Variables

Mean for Depressed 
Group (n = 23)

Range for 
Depressed Group

Mean for Control 
Group
(n = 17)

Range for Control 
Group

Sig.

Age 40.56 years old 18-63 years old 43.23 years old 18-65 years old P = 0.524

BDI Score 24.34 11-51 3.52 0-9 P < = 0.001*

Menstrual Early Fol. Phase 2.13 2.35 P = 0.803

Menstrual Day Day 7.47 Day 9.05 P = 0.632

Office visits in last 2 months 2 visits 0-30 visits .411 visits 0-2 visits P = 0.256

Number of Antibiotic used .434 Rx 0-3 Rx .117 Rx 0-1 Rx P = 0.112

Missed Days work/school 0.652 days 0-3 days 0.058 days 0-1 days P = 0.007*
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reported 3 positives. While the above findings could have
been biased by being primarily self-reported data, women
with depression were also found to have significantly
more indicators of infection and illness at the time of the
physical exam as compared to controls (t = -2.23, p < =
0.032).

Table 4 also demonstrates comparisons on selected
physical exam findings and immune function outcomes
for women in both groups. Nutritional deficit (above
ideal body weight) was the indicator found most often
during the physical exam for subjects in both the
depressed (11) and non-depressed group (9). The next
highest indicator found during the physical exam in the
depressed group was WBCs found in the urine (7), fol-
lowing by yeast (5), sinus tenderness (5), and redness or

exudate in the throat (5). In the non-depressed group, the
second highest finding was redness or exudate in the
throat (7), followed by sinus tenderness (3), redness or
changes in the TM (3), and RBCs found in the urine (3).
Results of the total physical exam (exam positives plus
positives on the review of systems) revealed significant
differences between the groups with depressed women
having more overall positive indicators of infection and
illness (t = -4.18, p < = 0.001). Controls had a mean of 5
positives while depressed women had 11 positives on
exam.

However, the first part of the study hypothesis was not
supported. Women with depression did not have signifi-
cantly different natural killer cell activity (NKCA) when
compared to the control group (t = -1.78, p = 0.082).

Table 3: Comparison of Incidence of Symptoms over Past Month.

Field Mean
Depressed

(SD)
(n = 23)

Sum
Depressed

Mean
Control

(SD)
(n = 17)

Sum
Control

Sig.

Headache 24.48
(24.5)

563 9.94
(15.6)

169 P = 0.039*

Acne 4.91
(12.5)

113 .35
(.79)

6 P = 0.097

Upset Stomach 19.09 (23.7) 439 3.88
(5.27)

66 P = 0.007*

Ear Infection .61
(1.7)

14 .06
(.24)

1 P = 0.151

Sinus Infection 4.83
(12.6)

111 .35
(.70)

6 P = 0.104

Sore Throat 2.00
(4.2)

46 .29
(.69)

5 P = 0.069

Allergies 22.09
(28.5)

508 9.41
(19.5)

160 P = 0.123

Tooth Abscess .13
(.46)

3 0
(0)

0
(0)

P = 0.186

Nausea/Vomiting 6.65
(13.4)

153 .82
(1.98)

14 P = 0.054

Diarrhea 5.74
(12.5)

132 .76
(1.56)

13 P = 0.073

Muscle Strain 8.913
(17)

205 1.0
(2.12)

17 P = 0.038*

No Energy 39.17
(25.35)

901 6.65
(14.1)

113 P < = .001*

Skin Infections 4.78
(13.2)

110 .12
(.49)

2 P = 0.105

Yeast Infection .22
(.52)

5 0
(0)

0 P = 0.057

Urinary Tract 
Infection

.26
(.45)

6 .06
(.24)

1 P = 0.076

Vaginal Infection .09
(.29)

2 0
(0)

0 P = 0.162
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Mean NKCA for those in the depression group was 29.43
lytic units, the control group had a mean NKCA of 17.01
lytic units. In addition, white blood counts were not sig-
nificantly different between the groups (t = -.91, p =
0.371). In fact, no part of the WBC and differential counts
were found to be significantly different between the
groups.

Table 5 displays correlations examined in this study.
Looking at all the subjects no significant relationships
were found between scores on the BDI and NKCA (r =
.194, p = 0.224), BDI and number of WBC (r = .077, p =
0.637), and BDI and number of objective findings on the
physical exam (r = .194, p = 0.23). There were also no sig-
nificant correlations between the immune function mea-
sures of NKCA or WBC and any of the other main
variables. However, the total physical exam score (objec-
tive findings plus review of systems) was significantly cor-
related with the total self-report of illness (r = .582, p < =
.001). There were also significant correlations found
between scores on the BDI and total self-report of ill-
nesses (r = .792, p < = 0.001), BDI and total physical exam
score (objective findings plus review of systems) (r = .564,
p < = 0.001), and BDI and positive findings on the review
of systems (r = .615, p < = 0.001). Time depressed was
also found to be significantly related to scores on the

review of systems (r-.56, p = .00) and physical exam find-
ings (r = .494, p = .001).

Discussion
Based on PNI theory and the prior work done in this
field, it was hypothesized that women with depression
would have decreased NCKA, and decreased health out-
comes on physical exam, compared to a sample of non-
depressed women. While there were some significant dif-
ferences in health outcomes between the two groups,
there were not significant differences in NCKA nor in
WBC counts or differentials, compared to the women in
the control sample.

Depression and NCKA
The results of this study did not support that non-hospi-
talized women with mild to moderate depression have
decreased NKCA. Earlier research completed primarily
with hospitalized depressed males found significant
depression of the NKCA, while subsequent studies of
non-hospitalized female and mixed gender samples have
not consistently reported decreased NKCA. Meta-analy-
ses of depression and immune have noted that decreased
immune function is more often reported in studies of the
more severely depressed and/or hospitalized depressed
subjects [9,13]. Therefore, inclusion of women who rated

Table 4: Comparison of groups on selected physical exam findings

Field Mean
Depressed

(n = 23)

Sum
Depressed

Mean
Control
(n = 17)

Sum
Control

Sig.

Nutrition .48 11 .53 9 P = .757

Inflammation .09 2 .00 0 P = 0.102

Redness .17 4 .00 0 P = 0.043*

Throat .22 5 .41 7 P = .194

Sinus .22 5 .18 3 P = .757

WBC in urine .30 7 .06 1 P = 0.039*

Nitrites in urine .09 2 .00 0 P = .162

RBC in urine .13 3 .18 3 P = .696

Urine clarity .09 2 .00 0 P = 0.162

Yeast .22 5 .00 0 P = 0.022*

Mean Depressed Range Mean Control Range Sig.

NCKA (Lytic Units) 29.4 1.9-84 17.01 Range 4.1-52.8 P = 0.082

WBC (cu mm) 6.56 3.3-9.9 6.14 4.2-7.9 P = 0.371

Symptom Days 188.04 28-378 53.94 0-231 P < 0.001*

Positives on PE 3.13 1-8 1.7 0-4 P = 0.032*

Positives ROS 8.39 1-16 3.58 0-9 P < 0.001*

Total PE Findings 11.52 4-23 5.41 0-13 P = <0.001*
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as "mild" depression on the BDI or the small sample size
may also have contributed to the non-significant findings
concerning NCKA in this study.

Physical Exam Outcomes
As expected, women with depression were found to self-
report more illness indicators. In addition, they had more
positive physical findings on physical exam than nonde-
pressed participants. The more depressed a person
reported being, the more illness indicators they reported.
The symptoms reported most frequently by the
depressed group were; no energy, headache, allergies,
upset stomach and cough. These are common symptoms
seen by all primary care providers, in that the ten symp-
toms most commonly presented in primary care by per-
sons with depression include: no energy, headache,
anxiety, depressed mood, backache, insomnia, pains in
the chest, dyspepsia, giddiness, pain in the trunk, arms
and legs [28]. Such symptoms may originate from several
sources. One explanation involves what has been called
the "complainer syndrome" that is, the subjects who com-

plain most about their health may also complain most
about their mood.

In this research, consideration must be given to the
notion that mental factors rather than organic factors
may produce the symptoms reported. Psychological dis-
tress may increase care seeking for illness or infections
independent of any effect of actual disease incidence.
However, the positive findings on physical exam noted in
this study were independent of these self-report factors.
Subjects in the depressed group had more physical indi-
cations of illness and infection at the time of the exam.
When noting the main physical findings of the depressed
group, WBC's found in the urine, yeast infections and
redness or exudate in the throat, it is difficult to attribute
their physical exam finding to mental factors alone. In
addition, the correlation data in this research found that
the higher women scored on the BDI depression scale,
the more health problems were reported and found on
physical exam. Additionally, the longer a women was
depressed the more physical findings were noted on
exam.

Table 5: Correlation matrix of variables.

Matrix NKCA WBC Self Report Beck Time 
depressed

Review 
Symptom

Physical Exam Exam Total Age

NKCA r = .097 r = .162 r = .196 r = .035 r = .119 r = .092 r = .124 r = .039

p = 0.55 p = .319 p = .224 p = 0.83 p = .465 p = 0.57 p = .445 p = .811

WBC r = .127 r = .077 r = .282 r = .257 r = .257 r = .187 r = -.24

p = .436 p = .637 p = .078 p = .536 p = 0.11 p = .249 p = .134

Self Report r = .792 r = .497 r = .597 r = .238 r = .582 r = -.17

p = .00* p = .001* p = .00* p = .076 p = .00* p = .295

Beck r = .608 r = .615 r = .194 r = .564 r = -.15

p = .00* p = .00* p = .23 p = .00* p = .354

Time depressed r = .56 r = .494 r = .637 r = .068

p = .00* p = .001* p = .00* p = .676

Review Symptom r = .354 r = .934 r = .01

p = .025* p = .00* p = .951

Physical Exam r = .66 r = .081

p = .00* p = .62

Exam Total r = .022

p = .893
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Lastly, women with depression may have more physical
illness simply because signs and symptoms of physical ill-
ness may have been overlooked by health care providers
who were focused on treating the co-morbid diagnosis of
depression. One cannot disregard the barriers that
women with mental illness face when attempting to
obtain sensitive and coordinated health care. It has long
been recognized that primary care providers may rou-
tinely fail to diagnose illness and trauma in women with
serious mental illness [29-31]. This often leads to inap-
propriate or inadequate treatment and increased costs. In
one early study, general medical practitioners missed 32%
of the physical problems and psychiatrists missed 48%.
This same study also found that women had significantly
more undetected medical diagnoses than men [29]. In a
more recent study it was noted that that persons with
mental illness continue to have high levels of undiag-
nosed or sub-optimally treated co-morbid physical ill-
nesses [32]. The current changes in the health care
delivery and financing systems present special problems
for these women because the emphasis on cost contain-
ment can lead to brief interventions that may constitute
less than adequate care.

Conclusion
This research suggests that depression may play a role in
the subsequent development of minor acute infectious
and inflammatory conditions, as measured by outcomes
on a brief physical exam. The mechanism by which
depression influences theses outcomes remains
unknown. This research found that women with depres-
sion had more self-report of illness and more physical
evidence of illness and/or inflammatory response on
exam as compared to controls. But the hypothesized
pathway to illness, via alterations of natural killer cell
function or white blood cell function, was not supported
in this particular study. This study does not rule out the
effect of depression on other immune system parameters,
or the effect of depression on health outcomes via behav-
ioral choices. Future research should include a wider vari-
ety of both behavioral measures and immune function
outcomes to further delineate the effects of all of these
factors on health outcomes in women with depression.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
CH recruited subjects, administered the psychological testing and performed
physical exams, along with other health care providers. MB carried out the
immunoassays, participated in the design of the study and performed the sta-
tistical analysis. CH drafted the manuscript. MB edited the manuscript for sub-
mission. Both authors read and approved the final manuscript.

Author Details
1Indiana State University, School of Nursing, 232 N Plum St, Clinton, IN 47842 
USA and 2Western Kentucky University, School of Nursing, 101 Lynn Rich Drive, 
Alvaton KY, 42122 USA

References
1. Kessler R C, Chiu W T, Demler O, Walters E E: Prevalence, severity, and 

comorbidity of 12-month DSM-IV disorders in the National 
Comorbidity Survey Replication.  Arch Gen Psychiatry 2005, 62(6):617-27.

2. Birnbaum HG, Leong SA, Greenberg PE: The economics of women and 
depression: an employer's perspective.  J Affect Disord 2003, 74(1):15-22.

3. Glaser R: Stress-associated immune dysregulation and its importance 
for human health: a personal history of psychoneuroimmunology.  
Brain Behav Immun 2005, 19(1):3-11.

4. Ravindran AV, Griffiths J, Merali Z, Anisman H: Variations of lymphocyte 
subsets associated with stress in depressive populations.  
Psychoneuroendocrinology 1996, 21(8):659-671.

5. Farid Hosseini R, Jabbari Azad F, Talaee A, Miri S, Mokhber N, Farid Hosseini 
F, Esmaeili H, Mahmoudi M, Rafatpanah H, Mohammadi M: Assessment of 
the immune system activity in Iranian patients with Major Depression 
Disorder (MDD).  Iran J Immunol 2007, 4(1):38-43.

6. Schleifer SJ, Keller SE, Bond RN, Cohen J, Stein M: Major depressive 
disorder and immunity: Role of age, sex, severity, and hospitalization.  
Arch Gen Psychiatry 1989, 46(1):81-87.

7. Jozuka H, Jozuka E, Takeuchi S, Nishikaze O: Comparison of 
immunological and endocrinological markers associated with major 
depression.  J Int Med Res 2003, 31(1):36-41.

8. Pike JL, Irwin MR: Dissociation of inflammatory markers and natural 
killer cell activity in major depressive disorder.  Brain Behav Immun 2006, 
20(2):169-74.

9. Zorrilla EP, Luborsky L, McKay JR, Rosenthal R, Houldin A, Tax A, McCorkle 
R, Seligman D, Schmidt K: The relationship of depression and stressors 
to immunological assays: a meta-analytic review.  Brain Behav Immun 
2001, 15(3):199-226.

10. Maes M, Meltzer HY, Stevens W, Calabrese J, Cosyns P: Natural killer cell 
activity in major depression: relation to circulating natural killer cells, 
cellular indices of the immune response, and depressive 
phenomenology.  Prog Neuropsychopharmacol Biol Psychiatry 1994, 
18(4):717-730.

11. Bauer ME, Gauer GJ, Luz C, Silveira RO, Nardi NB, von Muhlen CA: 
Evaluation of immune parameters in depressed patients.  Life Sci 1995, 
57(7):665-74.

12. Nerozzi D, Santoni A, Bersani G, Magnani A, Bressan A, Pasini A, Antonozzi 
I, Frajese G: Reduced natural killer cell activity in major depression: 
neuroendocrine implications.  Psychoneuroendocrinology 1989, 
14(4):295-301.

13. Irwin MR, Miller AH: Depressive disorders and immunity: 20 years of 
progress and discovery.  Brain Behav Immun 2007, 21(4):374-83.

14. Frank MG, Hendricks SE, Johnson DR, Wieseler JL, Burke JB: 
Antidepressants augment natural killer cell activity: in vivo and in vitro.  
Neuropsychobiology 1999, 39(1):18-24.

15. Irwin MR, Lecher U, Caldwell C: Depression and reduced natural killer 
cytotoxicity: a longitudinal study of depressed patients and control 
subjects.  Psychol Med 1992, 22(4):1045-50.

16. Ravindran AV, Griffiths J, Merali Z, Anisman H: Lymphocyte subsets 
associated with major depression and dysthymia: modification by 
antidepressant treatment.  Psychosom Med 1995, 57(6):555-63.

17. Schleifer SJ, Keller SE, Bartlett JA: Depression and immunity: clinical 
factors and therapeutic course.  Psychiatry Res 1999, 85(1):63-9.

18. Frank MG, Hendricks SE, Burke WJ, Johnson DR: Clinical response 
augments NK cell activity independent of treatment modality: a 
randomized double-blind placebo controlled antidepressant trial.  
Psychol Med 2004, 34(3):491-8.

19. Motzer SA, Jarrett M, Heitkemper MM, Tsuji J: Natural killer cell function 
and psychological distress in women with and without irritable bowel 
syndrome.  Biol Res Nurs 2002, 4(1):31-42.

20. Evans DL, Folds JD, Petitto JM, Golden RN, Pedersen CA, Corrigan M, 
Gilmore JH, Silva SG, Quade D, Ozer H: Circulating natural killer cell 
phenotypes in men and women with major depression: Relation to 
cytotoxic activity and severity of depression.  Arch Gen Psychiatry 1992, 
49(5):388-395.

21. Bennett MP, Zeller JM, Rosenberg L, McCann J: The effect of mirthful 
laughter on stress and natural killer cell activity.  Altern Ther Health Med 
2003, 9(2):38-45.

Received: 17 December 2009 Accepted: 3 May 2010 
Published: 3 May 2010
This article is available from: http://www.bpsmedicine.com/content/4/1/3© 2010 Howk and Bennett; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.BioPsychoSocial Medicine 2010, 4:3

http://www.bpsmedicine.com/content/4/1/3
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15939839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12646295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15581732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9247985
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17652842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2562915
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12635532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16023828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11566046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7938562
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2554356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17360153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9892855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1488477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8600482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10195317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15259834
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12363280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1534002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12652882


Howk and Bennett BioPsychoSocial Medicine 2010, 4:3
http://www.bpsmedicine.com/content/4/1/3

Page 9 of 9
22. Stone AA, Schwartz JE, Valdimarsdottir H, Napoli A, Neale JM, Cox DS: An 
alternative statistical treatment for summarizing the central tendency 
of replicate assay data.  J Immunol Methods 1991, 136:111-117.

23. Pross HF, Maroun JA: The standardization of NK cell assays for use in 
studies of biological response modifiers.  J Immunol Methods 1984, 
68:235-249.

24. Zung WW: A Self-Rating Depression Scale.  Arch Gen Psychiatry 1965, 
12:63-70.

25. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J: An inventory for 
measuring depression.  Arch Gen Psychiatry 1961, 4:561-571.

26. Hanson DJ, Engs RC: College students' drinking problems: a national 
study, 1982-1991.  Psychol Rep 1992, 71(1):39-42.

27. Engs RC, Aldo-Benson M: The association of alcohol consumption with 
self-reported illness in university students.  Psychol Rep 1995, 76(3 Pt 
1):727-36.

28. Blacker CV, Clare AW: Depressive disorder in primary care.  Br J Psychiatry 
1987, 150:737-51.

29. D'Ercole A, Skodol AE, Struening E, Curtis J, Millman J: Diagnosis of 
physical illness in psychiatric patients using axis III and a standardized 
medical history.  Hosp Community Psychiatry 1991, 42(4):395-400.

30. Koranyi EK: Morbidity and rate of undiagnosed physical illnesses in a 
psychiatric clinic population.  Arch Gen Psychiatry 1979, 36(4):414-9.

31. Eilenberg J, Fullilove MT, Goldman RG, Mellman L: Quality and use of 
trauma histories obtained from psychiatric outpatients through 
mandated inquiry.  Psychiatr Serv 1996, 47(2):165-9.

32. McCabe MP, Leas L: A qualitative study of primary health care access, 
barriers and satisfaction among people with mental illness.  Psychol 
Health Med 2008, 13(3):303-12.

doi: 10.1186/1751-0759-4-3
Cite this article as: Howk and Bennett, Immune function and health out-
comes in women with depression BioPsychoSocial Medicine 2010, 4:3

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1995704
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6200539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14221692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13688369
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1529075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7568584
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3307983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1675621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=426608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8825253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18569898


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


