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CONTROL AND NK FUNCTION 
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FIG. 1. Natural kiUer (N K) cell activity of peripheral blood mononuclear cells expressed in mean log 
lytic units. The data over lime for the four groups of subjects studied are shown. 

tween mean percentages over time or among conditions for CDS + (T suppressor), 
CD4 + (T helper) , or for CD56 + (NK cell) subsets. There was an unexpected 
significant decrease in tbe mean percentage of CD3 + T lymphocytes at 24 h after 
the stressor (p < .01) which occurred in all groups but EN, and which probably 
rellected a decrease in percentages of CD4+ T cells . 

Table 3 provides the means for other blood measures taken . Previous research 
has been inconsistent in showing an impact of stress on these measures and so the 
lack of significant differences between conditions in the present study was not 
unexpected. 

Behavioral Dala 

A MANOV A of the behavioral responses of the subjects who had the response 
key present-those in the Escapable Noise and Inescapable Noise/Response ex­
perimental groups-was performed. The overall effect for condition was highly 
significant after both the first stressor (F(I,29) = 5.28, p < .05) and the second 
stressor (F(I,29) = 19.43, p < .001) sessions. As shown in Table 4, subjects in the 
Escapable Noise condition demonstrated learning over time as they began to 
make more correct responses during the noise presentation from the first to sec­
ond trial. Subjects in the Inescapable NoiselResponse condition appeared to be 
still searching for a response; that would terminate the noise. At Time I they 
pressed about equally during the noise presentation and between trials , leading to 
significant differences between them and subjects assigned to the Escapable 
Noise condition in between-trial responding. In the second stressor period , they 
further decreased their number of responses during the noise , but continued to 
make a greater number of responses between trials. This suggests tbat subjects in 
the Inescapable NoiselResponse condition may not have experienced helpless­
ness because they were still attempting to gain control by trying another strategy 
when they found that responding during the task did not serve to terminate the 
noise . No statistically significant differences were found between experimental 
groups on latency to respond to the noise. 
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TABLE 2 
Means for T Lymphocytes and NK Cells (Standard Deviations) across All Five Time Points 

by Condition 

Condition 

EN lNlR ININR NN 
(n ~ 15) (n ~ 14) (n ~ 14) (n ~ 12) 

Total T celis (CD3 + ) 
Baseline 73.4 74.4 73.2 72.7 

(5 .4) (7.7) (8.5) (5.2) 

Post first stTessor 
20 min 73.3 73 .5 72.5 75.1 

(5.5) (7.1) (10. 1) (8.4) 

80 min 74.9 74.2 74.1 73.3 
(5.4) (6.2) (6.8) (8.8) 

24 h 73 .2 71.0 69.9 69.3 

(6.5) (7.5) (10. 1) (5.2) 

72h 73.9 70.5 71.4 71.0 
(6.4) (7 .4) (10.5) (8.6) 

Suppressor ceUs (CDS +) 
Baseline 27.9 29.9 28 .3 26.5 

(6.4) (5.1) (6.9) (5.4) 

Post first stressor 
20 min 27.7 28.5 28.1 25.3 

(5 .9) (5.3) (6.6) (5.6) 

80 min 28.9 29.6 29.3 26.5 
(6.3) (5.3) (5.9) (4.6) 

24 h 28.3 29.6 28.7 24.4 

(7.7) (5 .1) (7.6) (5.9) 

72h 30.6 29.1 28.3 24.6 
(7 .7) (6.2) (7.4) (8.0) 

Helper cells (CD4 + ) 
Baseline 45 .5 44.5 44.9 46.2 

(5.6) (8.5) (7.0) (4.7) 

Post first stressor 
20 min 45.6 45.0 44.4 49.9 

(6.4) (7.8) (7.3) (5.8) 

80 min 46. 1 44.6 44.8 46.8 
(5 .9) (7.3) (5.6) (7.6) 

24 h 44.9 41.4 41.2 44.9 
(8.4) (8.8) (7 .9) (5.2) 

72h 43.3 41.4 43.1 46.4 

(7 .9) (8.2) (6.8) (5.0) 

N K celis (C056 + ) 
Baseline 13 .5 13 .0 10.3 12.3 

(5.6) (6.6) (4.8) (3.8) 

Post first stressor 
20 min 13 .5 11.6 11.6 11.3 

(7.5) (5.2) (8.7) (6.6) 

80 min 11.9 12. 1 10.7 1l .5 
(5.0) (4. 1) (5.8) (6.3) 

24 h 15 .8 17 .3 12.1 14.8 
(8.8) (8.6) (5.9) (7.0) 

72h 16.4 16.0 12.6 14.1 

(6.0) (6.4) (5.1) (7.5) 
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TABLE 3 
Means (and Standard Deviations) for Blood Measures Collected at Baseline between Conditions 

Condition 

EN INIR IN/NR NN 
(n = 15) (n = 14) (n = 14) (n = 12) 

White blood cell caunt 497 .1 424.3 481.1 520.3 
(119.0) (119.8) (123.0) (1 39.9) 

Percentage monocytes 5.2 6.1 5.8 6.9 
( I. 7) (2.0) (2.0) (1.7) 

Percentage lymphocytes 34.8 38.9 35.3 33.2 
(8.2) (9.5) (8.2) (8.6) 

Personality Data 

As would be expected by random assignment of subjects to condition, there 
were no significant differences among groups on any of the personality measures. 
The hypothesis suggests that control-relevant personality traits may moderate 
immunologic response to a stressor as a function of whether it is controllable. 
Therefore, only subjects exposed to the noise were used to test this hypothesis. A 
hierarchical regression analysis was conducted to test for the effects of person­
ality in interaction with condition on NK activity immediately after the stressor, 
as well as at all subsequent time points . In step one, we entered as control 
variables the effects of baseline log lytic uni ts at Time 1, the main effects for 
experimental group, and the main effects for personality . In step 2, the interaction 
terms between personality and experimental group were entered. There were 
significant interactions between condition and scores on the Desire for Control 
scale (F = 3. 16, p < .05) and the Life Optimism tests (F = 2.97, p < .05) 
immediately after the stressor. There were no significant interaction effects at 
later time points . 

For illustrative purposes , Fig. 2 shows subjects' scores on the Desire for Con­
trol scale plotted against the adjusted log lytic units immediately after the stressor. 
Regression lines for each condition are also shown. It can be seen that the higher 
one's desire to have control, the greater the suppression in NK activity after 
exposure to the uncontrollable situation (Inescapable NoiselNo Response) . 

TABLE 4 
Behavioral Measures (and Standard Deviations) for Both Stressor Periods for both Escapable 

Noise (EN) and Inescapable NoiselResponse ONfR) Conditions 

Stressor time 1 Stressor time 2 

EN INIR EN lNlR 

Total number of responses during noise 103 82 152 55' 
(66) (76) (48) (55) 

Total number of responses between trials 38 82' 45 90' 
(26) (50) (39) (73) 

Mean latency (s/trial) to frrst response 0.8 0.7 0.8 0.6 
(0.4) (0.4) (0.5) (0.4) 

Note. Asteri sks indicate a significant difference (p < .05) between conditions within the given 
stressor period. 
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FIG. 2. Scauerplol and regression lines for each ex.perimental group. Scores on the Desire for 

Control scale are ploued on tbe X-axis while log lytic units immediatel y after the first stressor period 
are plotted along the Y-a xis . 

DISCUSSION 

Several studies have observed reduced immune responses associated with 
chronic stress (e.g. , Kiecolt-Glaser, Glaser, Shuttleworth , Dyer, Ogocki, & 
Speicher, 1987) or acute stress such as examinations (Kiecolt-Glaser et aI., 1984). 
However, in order to elaborate a clear causal relationship and to specify the 
variables responsible for the stress-immunosuppression relationship, controlled 
laboratory investigations are also needed. 

In the present study it was found that subjects exposed to uncontrollable stress 
without any available behavioral response exhibited reduced NK activity imme­
diately after 20 min of exposure to the stressor as well as up to 72 h later. For these 
subjects, no response keys were present and they did not try any observable type 
of response to terminate the noise . Nthough the immediate clinical significance of 
the reduced NK activity is not known, the duration of such an effect is noteworthy 
given the short exposure to the uncontrollable noise (two sessions of 20 min each). 
The current findings suggest that the timing of the interaction between uncontrol­
lable stress and exposure to a pathogen needs to be examined more systemati­
cally. 

It is possible that the reduced NK activity seen at 24 and 72 h poststress 
represents, in part, a conditioned response rather than sustained reduction due to 
the stressor on Day I. Substantial evidence exists in the animal literature that 
immune responses can be modified by classical conditioning (e.g., Ader & Cohen, 
1985; Gorczynski , 1987). While subjects were tested on Days 2 and 4 in a different 
room with no noise apparatus present, the same nurse drew the blood and the 
room was in the same research unit where the initial noise study occurred. Thus, 
the possibility of a conditioned response exists. Distinguishing effects due to 
conditioning from those due to long-term reduction would be important to explore 
in future studies . Additionally , given the extensive research on cortisol (e.g., 
Hanson , Larson , & Snowdon, 1976) and catecholamines (e.g. , Weiss, 1970; see 
Dantzer, 1989, for a review) as mechanisms for the effects of control on immune 
function, future research on humans would do well to assess these endocrine 
responses simultaneously with immune measures such as NK activity. 

A second finding worthy of further exploration is the difference in NK func-
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tional data between the subjects exposed to noise without a behavioral response 
available compared to subjects in the inescapable noise condition where the re­
sponse keys were present. The latter group of subjects never found the correct 
response but had behavioral options since the response keys were available. 
Correctly recognizing that their responses during the noise were ineffective in 
stopping the noi se, these subjects appeared to be trying to escape the noise hy 
responding more during the intertrial intervals. It may have been harder to learn 
tbat this effort was ineffective, since the range of times to noi se onset (the inter­
trial interval) was larger (10-25 s) than the range of noise exposure times (0-5 s) . 
Since they appeared to believe that they had behavioral options and they contin­
ued to exercise them, it is important to note this group had levels of NK activity 
that were as high as subjects in the Escapable Noise condition. The reduced NK 
levels only for subjects who had no response options even available agrees with 
previous animal (Fleshner, Laudenslager, Simmons, & Maier, 1989) and human 
studies (Kamen, 1989), which have shown that inactivity associated with a sub­
missive posture toward a dominant animal is associated with reduced immune 
responses . These findings suggest that future studies should evaluate how sub­
jects' behavioral responses to stress, which do represent a form of active coping, 
influence immune activity. 

The present data also suggest that responding may prevent the perception of 
uncontrollability, thus protecting one from the consequences of exposure to un­
controllable noise. Subjects without a behavioral response available to them may 
have experienced greater helplessness and therefore showed a corresponding re­
duction in NK activity. It is possible that if subjects in the Inescapable Noise! 
Response condition were exposed to the stress repeatedly , they would eventually 
have learned that none of their responses were effective, ultimately leading to 
reduced NK activity as well. 

Differences between the current results and those obtained by Weisse et al. 
(1990) need to be explored. Although Weisse et al. (1990) found reduced immune 
responses in subjects exposed to controllable stress as compared to subjects 
exposed to uncontrollable stress, no significant differences in perceived control 
were found between these two groups . The two groups they compared are similar 
in their experience to subjects in EN and INIR groups in our stud y-these groups 
showed no difference in NK activity poststress. The addition of a group that was 
exposed to uncontrollable stress with no response available indicates that per­
ceptions of controllability , rather than actual lack of control, may be an important 
factor in the effects of uncontrollability. More work is needed to defme the con­
ditions under which uncontrollable stress does and does not have immunosup­
pressive effects. 

Possible mechanisms for the effects found here need to be explored. As men­
tioned above, much work with animals has shown cortisol and catecholamine 
differences in response to uncontrollable stress and these are worthy of investi­
gation in humans. However, it is not likely that neuroendocrine differences, if 
tbey existed , were caused by differences between conditions in behavior (i.e., 
button-pressing). Subjects in the ININR condition, who had no button to press , 
showed significant differences poststress from the experimental controls who also 
made no responses. Clearly, the biological mechanisms that may help explain the 
effects of uncontrollability on immune functioning remain elusive. Additionally, 
the current results showed no differences between conditions in lymphocyte sub-
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set counts. Given that previous work using different stressors have shown differ­
ences (Manuck, Cohen, Rabin, Muldoon, & Bachen , 1991; Naliboff et at. 1991), 
clarifying the parameters of the stress as well as the parameters of immune func­
tioning affected should be the focus of future work. Replication and refinement of 
the present findings is currently being conducted. 

Another significant rmding of this study is the apparent importance of control­
relevant individual differences in moderating the immune response to uncontrol­
lable stress . It appears that subjects who have a high desire for control, as well as 
those who are generally more optimistic , show the greatest reduction in immu­
noreactivity subsequent to uncontrollable stress. These findings suggest that 
those subj ects who, by personal disposition, tend to expect positive and control­
lable outcomes are the most stressed when the actual outcome is contrary to their 
expectations. The fact that the moderating effects of these personality variables 
on NK activity last only a short time, however, is noteworthy . One hypothesis is 
that these traits, while making an individual susceptible to the acute consequences 
of uncontrollable stress, also confer the ability to rebound quickly once the stress­
or is over. We believe that this is the first experimental evidence for the moder­
ating role of control-relevant personality traits in the human immunological re­
sponse to uncontrollable stress. These results suggest that future studies should 
investigate more fully the influence that certain types of individual differences 
may have on irnmunomodulation after exposure to stress. Attention to identifying 
personality traits that may be especially relevant to the specific situation under 
consideration, however, is essential for this type of analysis (Mischel, 1977) . 
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