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Analysis of Lymphocyte Proliferation Data: Do Different
Approaches Yield the Same Results?
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We addressed whether different approaches to the treatment of lymphocyte prolifer-
ation data influence the interpretation of results. We focused on two specific issues: (1)
the impact of using optimal concentrations of mitogen versus a repeated measures ap-
proach using all concentrations and (2) the impact of correcting for unstimulated wells,
and the method chosen for doing so. First, analysis of only the optimal concentration
vields the same results as using a repeated measures approach. Second, uncorrected
stimulated data, difference scores, and statistical control of unstimulated values all yield
identical conclusions. The stimulation index, however, frequently yields different out-
comes than the other approaches. We discuss reasons for these differences, note that the
equivalence between repeated measures and optimal concentration techniques is limited
to studies predicting suppression of proliferation irrespective of concentration, and sug-
gest situations when the various approaches to analysis be used.  © 1994 Acodemic Press. Inc

INTRODUCTION

Researchers in psychoneurcimmunology often evaluate cellular immune func-
tion by assessing the lymphocyte proliferative response. This assay examines how
effectively lymphocytes divide (i.e., proliferate) when stimulated in vitro with
substances called mitogens. Mitogens are capable of nonspecifically inducing T or
B cell proliferation. It is assumed that the more proliferation that occurs, the more
effectively cells are functioning. Although this assay is widely used, comparability
of studies has been hampered by an inconsistency in the method of data analysis.
In this article, we reanalyze data from six studies and compare results from
several different statistical strategies. We discuss the similarities and differences
between results using each analytic procedure and suggest criteria for choosing an
appropriate statistical method.

The proliferation assay involves incubating lymphocytes with a mitogen for
several days and then adding a radioactively labeled DNA precursor (tritiated
thymidine) to the culture of dividing cells. Each newly formed cell incorporates
the isotope into its DNA, and one can quantify the amount of proliferation that
occurs by counting the amount of radicactivity taken up by the lymphocytes.
Commonly used mitogens include phytohemagglutinin (PHA), concanavalin A
(Con A), and pokeweed mitogen (PWM), which preferentially stimulate T cells
(PHA and Con A) and B cells (PWM). The proliferative response to mitogens is
standardly determined by establishing a dose-response curve by repeating the
assay with several concentrations of mitogen. The range of mitogen concentra-
tions is typically chosen to represent the full range of concentrations that reliably
stimulate cells in culture. Proliferative response in the absence of mitogens (re-
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ferred to as unstimulated proliferation) is also standardly determined. Unstimu-
lated proliferation data serve as an intraassay method of identifying outliers and in
some instances, which are discussed below, are used to ‘“‘correct’’ stimulated
data.

Two traditions have developed with respect to analyzing these data. In one, a
repeated measures analysis is used, taking into account all of the concentrations
used in the assay. In the other, data from only one of the concentrations is
analyzed, specifically the concentration of mitogen that produces the greatest
mean proliferative response across all subjects (i.e., the optimal concentration).
In addition, data from lymphocytes stimulated with mitogen are often corrected in
some fashion with the data from unstimulated lymphocytes. Other times, only
data from stimulated wells are used. Moreover, when stimulated data are cor-
rected using unstimulated data, the method of correction varies. For example,
unstimulated wells are often taken into account by statistical controls in the anal-
ysis or by subtracting them from stimulated data. An approach used less often is
to divide unstimulated into stimulated wells, creating what is referred to as a
stimulation index.

In this article we address whether these varied approaches to the treatment of
tymphocyte proliferation data result in different conclusions. In particular, we
focus on two major issues: (1) the impact of using optimal concentrations of
mitogen versus a repeated measures approach using all concentrations and (2) the
impact of correcting for unstimulated wells, and if they are corrected for, the
method chosen for doing so. To do this, we gather data from six studies, analyze
it using the different approaches, and compare the results. The data we report
come from studies of three species (humans, monkeys, and rats), assess the
proliferative response of cells from two immune compartments (blood and
spleen), and assess the proliferative response to two mitogens (PHA and Con A).

METHOD
Studies

Below we briefly describe the design of the studies from which we drew data.
For more complete descriptions we refer readers to each referenced article. In
particular, we analyzed data from six data sets, drawn from four articles published
in peer reviewed journals (Bachen, Manuck, Marsland, Cohen, Malkoft, Mul-
doon, & Rabin, 1992; Cohen, Kaplan, Cunnick, Manuck, & Rabin, 1992; Cun-
nick, Lysle, Kucinski, & Rabin, 1990; Pezzone, Rush, Kusnecov, Wood, &
Rabin, 1992).

Bachen et al. (1992). Forty-four human males (aged 19-25) were randomly
assigned to a stress or control condition in a ratio of 3:1. Blood was drawn to
assess lymphocyte proliferation in response to PHA before and after subjects
were exposed to a 21-min laboratory stressor. A whole blood assay was con-
ducted at concentrations of .5, 2.5, 5.0, 10.0, and 20.0 pg/ml.

Cohen et al. (1992). Forty-three healthy adult male cynomolgus monkeys were
randomly assigned to stable (n = 22} or unstable (n = 21) social conditions for a
26-month period. Blood was drawn to assess lymphocyte proliferation in response
to PHA and Con A for 3 consecutive weeks following the 26-month period. A
whole blood assay was conducted at concentrations of 0.5, 2.5, and 5.0 pg/ml of
PHA and 2.5, 5.0, and 10.0 pg/ml of Con A.
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Cunnick et al. (1990). This paper reported data from three experiments that
used male rats of the Lewis strain. The first experiment investigated the effects of
adrenalectomy on stress-induced immune alteration (ADX), while the second and
third experiments investigated the effects of prior injection of propranolol (PROP)
and nadolol (NAD) on stress-induced immune alteration. In all three experiments,
subjects were randomly assigned to the relevant control and experimental groups.
Experimental subjects were presented with 16 signaled shocks in a single 64-min
session. All subjects were then sacrificed and blood and spleen were collected to
assess lymphocyte proliferation in response to Con A. Whole spleen assays were
conducted at 1.0, 5.0, and 10.0 pg/ml of Con A, and whole blood assays were
conducted at 10.0 and 20.0 pg/ml of Con A.

Pezzone et al. (1992). Male rats of the Lewis strain were randomly assigned to
one of three conditions consisting of a series of two injections spaced one-half
hour apart: saline/saline, saline/amphetamine, and propranolol/amphetamine in-
jections. All subjects were sacrificed 1 h after the second injection and blood and
spleen were collected to assess lymphocyte proliferation in response to PHA and
Con A. Whole spleen and whole blood assays were conducted at concentrations
of 1.0 and 10.0 ug/m! of PHA and Con A.

Data Analysis

All data sets were obtained from the authors and were prepared for analysis in
an SPSSX environment. Prior to the data analysis for this paper, we replicated the
analyses reported in the published papers to ensure that we were analyzing the
correct sets of data. We then analyzed each data set using each of four ap-
proaches: (1) uncorrected—using only stimulated wells; (2) covaried—using un-
stimulated wells as covariates in the analysis; (3) difference scores—subtracting
unstimulated wells from stimulated wells; and (4) stimulation index—dividing
stimulated wells by unstimulated wells. Each of these four approaches was done
using both a repeated measures technique and only the optimal concentration of
mitogen. Therefore, a total of eight analyses were conducted with each data set.
Optimal concentration was defined as the concentration of mitogen that produced
the greatest mean proliferation across all subjects in the study. Optimal concen-
trations for the data sets were as follows: 5 pg/ml PHA in Bachen et al. (1992); 10
ng/mi Con A and 5 pg/ml PHA in Cohen et al. (1992); 10 pg/ml Con A for spleen
and 20 pg/ml Con A for blood in Cunnick et al. (1990); and 5 pg/mi Con A for
spleen, 10 wg/ml Con A for blood, and 10 pg/ml PHA for blood and spleen in
Pezzone et al. (1992).

Prior to performing any analyses, we investigated whether the lymphocyte
proliferation data were normally distributed. Using formulae provided by Bliss
(1967), we determined whether the skew, the kurtosis, or the two combined were
reliably different from what would be expected from a normal distribution. If
departures from normality were encountered, log,, transformations were done.
The data transformed prior to analyses include all Bachen et al. (1992) data, the
stimulation index for blood PHA and Con A from Cohen et al. (1992), the stim-
ulation index for blood and spleen Con A from the ADX experiment, all blood Con
A data from the PROP experiment, the stimulation index for blood Con A and all
spleen Con A data from the NAD experiment in Cunnick et al. (1990), and the
stimulation index for spleen PHA and Con A from Pezzone et al. (1992). The
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formulae provided by Bliss (1967) indicated that all transformed data were nor-
mally distributed.

The specific analyses performed were ANOVAs or repeated measures
ANOVAs. A main effect or interaction is reported only if at least one of the eight
analyses resulted in a reliable F statistic. In any case where a reliable F statistic
was found, the F values for all eight analysis approaches were transformed into
effect sizes. An effect gize indicates how large an association is between two
variables, disregarding sample size (Rosenthal, 1984, 1991). We used the product-
moment correlation coefficient () as the effect size estimate and present the effect
sizes to allow for comparison across the different analytic approaches to prolif-
eration data. Effect sizes were compared using tests for differences between
correlations from dependent samples (Cohen, 1977). For interested readers we
also indicate whether the effect sizes represent a reliable F statistic using the
criterion that p < .05,

RESULTS

Tables | through 4 present the results of the analyses from the Bachen et al.
(1992) data, the Cohen et al. (1992) data, the Cunnick et al. (1990} data, and the
Pezzone et al. (1992) data, respectively. Each table presents effect sizes for the
main effects or interactions where at least one of the eight analyses resulted in a
reliable F statistic. In each case, eight effect sizes are presented that represent the
analyses that cross multiple vs optimal concentrations with the four methods of
correcting for data generated by unstimulated lymphocytes. Below we address
each of our questions in turn.

Optimal Concentrations vs Repeated Measures

Of the 92 comparisons it is possible to make, effect sizes from analyses of the
optimal concentration differ from the repeated measures approach in only four
cases. All of these are from the Cunnick et al. (1990) data (see Table 3), deal with
the Stress main effect, and include: the covaried analyses of the ADX blood Con
A data and the uncorrected, covaried, and difference analyses of the PROP blood
Con A data (all ps < .05). In each of those four cases, the effect size from the
optimal concentration analysis was smaller than that from the repeated measures

TABLE |
Effect Sizes for Eight Different Analysis Approaches to the Bachen et al (1992) Lymphocyte
Proliferation Data

Uncorrected Covaried Difference Stimuiation
Blood PHA Rep Opt Rep Op! Rep Opt Rep Opt
Group X Time 457* 480* 429* 460* 457* 480* 13 0967
Concentration 863+ B63* 863+ 863>

Note. A main effect or interaction is reported only if at least one of the eight analyses resulted in a
reliable F statistic. Rep, analyses using multiple concentrations of mitogen; Opt, analyses using only
the optimal concentration of mitogen; Group, subject assignment to stress or control conditions; Time,
baseline or poststress; Concentration, concentration of mitogen. Blank spaces indicate effects not
tested in the analyses.

* Analysis yielded a reliable F statistic.

@ Reliably different when compared to the uncorrected, covaried, and difference effects.
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TABLE 2
Effect Sizes for Eight Different Analysis Approaches to the Cohen et al. (1992) Lymphocyte
Proliferation Data

Uncorrected Covaried Difference Stimulation
Rep Opt Rep Opt Rep Opt Rep Opt
Blood Con A
Affiliation 314 266 325* 28D a9 270 118 087
Stability 378 451 395 469* i) A460* 389+ 436*
Time 37 81 37 381 37 381+ (1320 163
Aff x Sta x Time 210 224 260 218 203 220 363 361
Concentration 891* oy 891* 919*
Sta x Con A434* 434 434* 1459
Time % Con .348* 348+ 348* 143
Aff x Con 097 097 097 249
Blood PHA
Time 374 208 37 206 375* 206 128+ 335
Aff x Sta % Time 136 146 A17 I3 127 138 296* I64*Y
Concentration 862* 862> 862* T71%9
Time % Con 277 277 22T 357
Aff x Sta X
Time x Conr 065 D635 065 255*

Note. A main effect or interaction is reported only if at least one of the eight analyses resulted in a
refiable F statistic, Rep, analyses using multiple concentrations of mitogen; Opt, analyses using only
the optimal concentration of mitogen; Affiliation/Aff, monkey classification as high or low affiliation;
Stability/Sta, monkey assignment to stable or unstable social conditions; Time: first, second, or third
weel of blood drawing; Concentration/Con, concentration of mitogen. Blank spaces indicate effects
not tested in the analyses.

* Analysis yielded a reliable F statistic.

a Reliably different when compared to the uncorrected, covaried, and difference effects

b Reliably different when compared 10 the covaried effect

analysis. In the remaining 88 cases, effect sizes for the repeated measures anal-
yses do not differ from effect sizes from analyses using only the optimal concen-
tration of mitogen.

Correcting Stimulated with Unstimulated Data

We compared whether effect sizes generated from uncorrected data differed
from those generated using the other three approaches. Analyses using uncor-
rected data never differ reliably from those using difference scores or those that
covary the unstimulated data. On the other hand, the stimulation index differs
from the other methods of analyses in 22 of a possible 54 cases. First, from the
Bachen et al. (1992) data, the effect size for the Group X Time interaction is
reliably lower using the stimulation index analyses than it is for the uncorrected,
covaried, or difference score analyses (ps < .01) (see Table 1). Results from the
Pezzone et al. (1992) data indicate that the stimulation index analysis of spleen
PHA produces a larger effect size for Concentration than the other three ap-
proaches (ps < .01) (see Table 4).

Data from Cohen et al. (1992) show that the stimulation index differs for Con A
as well as PHA (see Table 2). With respect to Con A, the repeated measures
stimulation index analyses results in smaller effect sizes for Time (p < .05) as well
as for Stability x Concentration (p < .01), when compared to the values obtained
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TABLE 3
Effect Sizes for Eight Different Analysis Approaches to the Cunnick et al (1990) Lymphocyte
Proliferation Data: The ADX, PROP, and NAD Experiments

Uncorrected Covaried Difference Stimulation

Rep Opt Rep Opt Rep Opt Rep Opt
ADX Blood Con A
Stress 798* 718 759 642% 799" TH* 839+ 8527
Operate 597+ 599+ 597 01> 597 598* 566" 546*
Op % Str 337 333 336 324 338 333 492* 497
Concentration 067 067 867 37440
Str x Con 199 199 199 e
PROP Blood Con 4
Stress 766 .610*c i 529 75B"F BT BOG*E 833+
Concentration TTE T 4T 771
Inj x Con 458" 458* 429* 458+
Str x Con 658 659* 643* 659~
Str x Inj % Con 497" 497* A2 497
NAD Bload Con A
Stress B9 g 850" 814* 893 871" 859 g19*
Str % Inj 451" 420* 433 396 451* 420* 444* 406
Corcentration 947 947+ 947 88G*
Str x Con .556* .536* 556" 586*
ADX Spieen Con A
Stress 839 B855* 791+ 812" 83g* .B55* 534" 5FT
Operate 289 296 359 339 304 301 617+ 554
Op x Str 335 318 26 320 227 ax 263 328
Concentration 888" 888 888" 521"
Str x Con T vl 727 619+
Op % Con 233 233 233 335"
Op X Sir ¥ Con 287 217 217 345+
EROP Spleen Con A
Stress 538* 552 507" 4935* 539+ 513 454> 432
Inj x Str 424 402 A4T* 427" 413 399 396 AN
Concentration 914 914* 914* 882
Str x Con 491+ 491 491" 443*
Str % Inj % Con 330+ 380" 3807 384
NAD Spleen Con A
Inject 724 T25* T T TJz* 126 .736* 724~
Str X Inj 538* SET* 545 5i3* S42 518" 533 e hd
Concentration 970* 970 g7 970*
Inj x Con 556 556" 4624 556*
Str x Ini % Con 458 458" 394 458"

Note. A main effect or interaction is reported only if at least one of the eight analyses resulted in a reliable F
statistic. Rep, analyses using multiple concentrations of mitogen; Opt, analyses using enly the optimal concentration
of mitogen; Stress/Str, rat assignment to stress or control conditions; Operate/Op, rat assignment to adrenalectomy,
sham adrenalectomy, or control conditions; Concentration/Con, concentration of mitogen; Inject/In}, concentration
of propranolol or nadolod the rat received Blank spaces indicate effects not tested in the analyses.

* Analysis vielded a reliable F statistic

© Relizbly different when compared to the uncorrected, covaried, and difference effects

b Relinbiy different when compared to the covaried effect.

£ Relinble differences between repeated measures and optimal concentration analyses.

from the other three approaches. In terms of PHA, the stimulation index again
resuits in a smaller effect size for Concentration {(p < .05) when compared to the
other three approaches. In addition, the optimal concentration stimulation index
effect size is larger than the covaried value for Affiliation X Stability x Time (p
< .03).

Data from Cunnick et al. (1990) show that the stimulation index differs for blood
as well as spleen Con A (see Table 3). For blood Con A, data from the ADX
experiment show that the optimal concentration stimulation index for the Stress
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TABLE 4
Effect Sizes for Eight Different Analysis Approaches to the Pezzone et al. (1992) Lymphocyte
Proliferation Data

Uncorrected Covaried Difference Stimulation

Rep Opt Rep Opt Rep Opt Rep Opt
Blood Con A
Group T T68* T10* 776* Ntk o1 479 573*
Concentration BT1* 871+ 8 B4as*
Gip x Con 820* 820 B20* 743+
Blood PHA!
Group 123* T150* g2 .659*
Spleen Con A'
Group 820+ 859+ 826 BBS5*
Spleen PHA
Group 961* 963* 975" 974* 965* .949* 951* 952+
Concentration 583+ SB3* 983 993*«
Grp x Con 955* 955~ 955* .943*

Note. A main effect or interaction is reported only if at least one of the eight anatyses resulted in a
reliable F statistic. Rep, analyses using multiple concentrations of mitogen; Opt, analyses using only
the optimal concentration of mitogen; Group/Grp, animal assignment to a particular injection protocol
condition; Concentration/Con, concentration of mitogen. Blank spaces indicate effects not tested in
the analyses.

! Only one concentration of mitogen was assessed across all animals, so only the optimal concen-
tration analysis was performed.

* Analysis yielded a reliable F statistic.

“ Refiably different when compared to the uncorrected, covaried, and difference effects.

main effect results in a larger effect than the covaried analysis, and the repeated
analysis stimulation index of Concentration also resuits in a larger effect size (ps
< .01). Data from the PROP experiment show that the optimal concentration
stimulation index for the Stress main effect results in a larger effect than the other
approaches (p < .01). In addition, the repeated measures stimulation index for the
Stress main effect results in a larger effect size when compared to the covaried
value (p < .05). Finally, data from the NAD experiment show that the repeated
stimulation index effect size for Concentration is smaller than the other three
approaches (p < .01). In terms of spleen Con A data, the ADX experiment shows
that the stimulation index effect sizes for Stress and Operate are smaller and
larger, respectively, than those found using the other methods of analysis (ps <
.05).

DISCUSSION

We addressed two specific issues with respect to how the analytic treatment of
lymphocyte proliferation data might have an impact on conclusions drawn. First,
we determined the influence of using only the optimal concentration of mitogen
versus a repeated measures approach using all concentrations. Regardless of the
approach, the outcomes, and therefore the conclusions that would be drawn, are
the same. This is true for data from humans, monkeys, and rats, for blood lym-
phocytes and spleen cells, and for PHA and Con A. In terms of the effect sizes,
the repeated measures analyses only differed from the optimal concentration anal-
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yses in 4 of a possible 92 comparisons. This number of differences is no more than
would be expected by chance, given the total number of comparisons made. Thus,
when main effects of stress are compared, both approaches yield the same con-
clusions.

The second primary issue we investigated in this article was the impact of
carrecting for unstimulated wells, as well as the impact of the method chosen for
doing so. In general, resuits of the analyses indicate that using only uncorrected
stimulated wells, difference scores, or statisticaily controlling the unstimulated
data yield identical conclusions. The discrepancies that arise are all in connection
with the stimulation index. Specifically, of 54 possible main effects or interac-
tions, the effect sizes generated using the stimulation index differ from the other
methods of analysis in 12 cases (22.2%). The direction of difference is not uni-
form, with half the effects being larger and half smaller than the other methods. It
has been pointed out by others that the stimulation index is a problematic indi-
cator of lymphocyte proliferation because, since it is a ratio, it weighs unstimu-
lated values so heavily (Maluish & Strong, 1986). The problem is that unstimu-
lated values vary a great deal for a number of reasons other than the intrinsic
ability of cells to incorporate tritiated thymidine. Because the stimulation index
appears to magnify the error inherent in the assay, we agree with Maluish and
Strong (1986) and recommend that it not be used.

In terms of the other three approaches to analysis, our data indicate that re-
gardless of whether the unstimulated wells are taken into account, the cutcome is
the same for the range of concentrations used in these studies. This is because the
variation in the unstimulated wells is relatively trivial, and neither difference
scores nor using statistical controls weighs the variation very heavily. Thus, in
cases such as these the most straightforward approach to data analysis would be
to use only the data generated by stimulated lymphocytes. However, if the re-
searcher chooses to account for the proliferation generated by unstimulated lym-
phocytes, taking these data into account does not appear to produce qualitatively
distinct conclusions.

The studies we examined all hypothesized stress-induced suppression of pro-
liferation, and the conclusion that optimal concentration and repeated measures
analyses are equivalent should be limited to such studies. Implied in the stress-
induced suppression hypothesis is that stress effects on proliferation will be rel-
atively consistent across concentrations of mitogen that stimulate proliferation
but are not toxic to cells. Hence, assuming appropriately chosen concentrations,
one would expect a main effect of stress in a repeated measures analysis of
variance. Such a result indicates that stress is associated with proliferation when
you collapse across concentrations. Because the opportunity for demonstrating
suppression is greatest in the case of the concentration inducing maximal prolif-
eration (i.e., the “‘optimal’”’ concentration), the results from examining this con-
centration alone should be consistent with the results from the repeated measures
design. More problematic is when the hypothesis is stress-induced suppression
and the use of a repeated measures design indicates a stress by concentration
interaction. Such an interaction indicates that there are different relations be-
tween stress and proliferation at different concentrations of mitogen. This often
occurs in addition to the main effect of stress, but can also occur without a reliable
main effect. In this context, the interaction is an unexpected result and should be
interpreted cautiously. With appropriately chosen concentrations, the probability



ANALYZING LYMPHOCYTE PROLIFERATION DATA 161

of an interaction occurring by chance is high. Alternatively, an interaction is likely
when testing hypothesized immunosuppression if the lowest concentration is too
low to actually induce proliferation or the highest concentration is too high and
consequently is toxic to the cells. In this case, stress would be associated with
decreased proliferation for appropriately chosen concentrations but not for the
inappropriate ones.

The mirror image of this issue occurs when the prediction is enhancement of
proliferation regardiess of concentration. In this case, you would also expect a
main effect for stress in a repeated measures analysis. Stress by concentration
interactions would again be unexpected, and should be interpreted cautiously.
The equivalent single concentration analysis in this case would be a suboptimal
concentration, rather than the optimal concentration since the opportunity for
demonstrating enhancement is greatest in the case of concentrations inducing
minimal proliferation.

Finally, those with an @ priori interest in exploring differential stressor effects
at various concentrations face a different situation. For example, under some
conditions stressors might facilitate cell division occurring in response to low
levels of mitogen, but inhibit or not affect responses to optimal levels. This would
result in an interaction in a repeated measures design. Unfortunately, work indi-
cating a stress by concentration interaction has seldom been based on a priori
hypotheses. In these cases, there is a substantial possibility that different results
in response to different concentrations occurred merely by chance. The way to
guard against the chance interpretation, of course, is to work from specific plau-
sible hypotheses, appropriately adjust the alpha level to reflect the number of tests
(concentrations), or be explicit about the exploratory nature of the work. Choos-
ing only an optimal (or suboptimal) concentration in this context makes no sense.
Instead, a repeated measures approach to analysis would be necessary, and an
interaction between stress and concentration (rather than a main effect of stress)
would be predicted in the analysis of variance model.

If a researcher chooses to use the optimal concentration of mitogen for analysis,
one final important point is that doing so involves more than just running the assay
with a single concentration of mitogen, or analyzing and reporting resuits from
only the concentration of mitogen that best illustrates an effect. The former ap-
proach might be problematic if the concentration chosen stimulates lymphocytes
either not enough or too much. The latter approach, on the other hand, is unac-
ceptable because it ignores null results and capitalizes on chance by increasing the
number of analyses and hence, the probability of finding an effect due to chance.
For example, if five concentrations of mitogen are used in an assay and analysis
of each separately indicates that only one shows a reliable (p < .05) effect, the
probability that the particular finding reflects a chance occurrence is substantial
(one chance in four). Therefore, we believe that the only acceptable method of
choosing a single concentration for analysis is to establish a dose-response curve
using at least three mitogen concentrations and to choose the optimal concentra-
tion by determining the one that produces the greatest mean proliferation across
all subjects.

In sum, we determined that uncorrected stimulated data, as well as difference
scores or analysis of covariance, yield identical conclusions in the treatment of
lymphocyte proliferation data. Therefore, within these approaches to analysis,
investigators appear to be free to choose the method of analysis with which they



162 HERBERT, CORIELL, AND COHEN

feel most conceptually comfortable. The stimulation index, however, does not
appear to be an appropriate technique to correct for unstimulated data. We also
determined that when suppression of proliferation is hypothesized and there is no
reason to expect differences between concentrations, the optimal concentration
and repeated measures approaches are equivalent. In studies in which differences
between concentrations are expected, however, the optimal concentration is in-
appropriate and the repeated measures approach is necessary., Overall then, re-
gardless of the purpose of the study, repeated measures analysis of variance is
always an appropriate approach to analysis. The primary issue for researchers to
guard against, however, is the inappropriate interpretation of unpredicted inter-
actions of stress with concentration.

ACKNOWLEDGMENTS

The preparation of this manuscript was supported in part by National Institute of Mental Health
(NIMH)} Training Grant T32MH18903 (I.E.H ), NIMH ROIMHS50430 {T B.H.), and NIMH RSDA
KOZMH00721 (5.C ). We thank J. Cunnick, M. Pezzone, and E. Bachen for making their data available
to us,

REFERENCES

Bachen, E. A, Manuck, S. B, Marsland, A. I, Cohen, 5., Malkoff, S B, Muldoon, M. F., &
Rabin, B. §.(1992). Lymphocyte subset and cellular immune responses to a brief experimental
stressor. Psychosom. Med. 54, 673679

Bliss, C. I {1967). Statistics in bislogy, Vol. 1. New York: MceGraw-Hill.

Cohen, 1. {1977} Statistical power analysis for the behavioral sciences. San Diepo, CA: Academic
Press.

Cohen, S, Kaplan, J. R. Cunnick, J. E., Manuck, S. B » & Rabin, B. S. (1992). Chronic sociaj stress,
affiliation, and cellular immune response in nonhuman primates. Psychol. Sci. 3, 301—304

Cumnick, I E., Lysle, D T., Kucinski, B. J., & Rabin, B. S (1990). Evidence that shock-induced
immune suppression is mediated by adrenal hormones and peripheral B-adrenergic receptors.
Pharmacol. Biochem Behav. 36, 645-651.

Maluish, A. E., & Strong, D. M. (1986). Lymphocyte profiferation. In N. R. Rose, H Friedman, &
J. L. Fahey (Eds.), Manual of clinical laboratory immunology. Washington, DC: Amer. Soc.
Microbiol.

Pezzone, M. A, Rush, K. A., Kusnecov, A. W., Wood, P. G., & Rabin, B. S. (1992). Corticoste-
rone-independent alteration of lymphocyte mitogenic function by amphetamine. Brain, Behav.
Immun. 6, 293299,

Rosenthal, R. (1984). Meta-analytic procedures Jor social research. Newbury Park, CA: Sage

Rosenthal, R. (1991}, Meta-analysis: A review. Psychosom. Med. 83, 347271

Received October 11, 1993



