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Abstract: A Comparison of One- and Two-Sided
Tests for Judging Significant Differences in Quan-
titative Data Obtained in Toxicological Bioassay of
Laboratory Animals. Katsumi KoeavasHi. Biosafety
Research Center, Foods, Drugs and Pesticides—
Since there are many ambiguous statements con-
cerning the selection of one- or two-sided tests in
the statistical analysis of toxicological data, | ex-
amined the rate of appearance of significant differ-
ences in the data showing a trend in either a fixed
direction or a mixed sided direction compared with
the control and the number of significant differences
to these two tests by ¢t and Dunnett’s tests in a long-
term chronic/carcinogenicity study conducted at the
An-Pyo Center, in addition to referring to the most
widely used statistical analyses by mean of the one-
or two-sided test in the literature. The results were
as follows; (1) Almost all quantitative data (578 out
of 700 cases) showed a fixed trend with statistically
significant differences (p<0.05) compared with the
control value. (2) The number of significant differ-
ences obtained with the one-sided test was greater
than with the two-sided test in either analysis of the
t or Dunnett's test; that is, the percentages of the
significant differences in the two-sided test were 85
and 86% of those in the one-sided test by means of
t and Dunnett's test, respectively. (3) The frequency
of use of the one-sided tests was very low in both
Japanese and international publications. Conse-
quently, the one-sided test may be recommended for
statistical analyses of toxicological bioassay data
that generally show a fixed trend as compared with
the control values, since more rigid evaluation of the
data of the chemical effects on the living body and
the environment is necessary.
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Toxicological experiments with laboratory ani-
mals are required for registering new agricultural
and medical drugs according to the guidelines pro-
vided by the Japan Government"?. The experi-
ments consist of short-term (24 week) experiments
to determine administration doses and long-term
(78-104 week) experiments to assess chronic toxici-
ty and oncogenicity/carcinogenicity. In general,
one experiment involves 2—4 animal groups treated
with the drug, one control group, and, if necessary,
a few positive control groups. The items obtained
from these toxicity studies are very numerous, 800-
900 items in total, as shown in Table 1. The
number of statistical analyses is 3 to 6 times accord-
ing to the statistical test methods. The effects of
test substance are assessed by decision trees® such
as multiple range/comparison tests including an in-
tergroup test, i.e., f-test or analysis of variance
(ANOVA), and differences between the control and
treated groups or among the groups are considered
to be significant at a probability of 0.05 or less by
one-sided or two-sided test.

The two-sided test is used in such cases as (1)
only the presence or absence of an intergroup differ-
ence is questioned, (2) it is impossible to estimate in
advance whether the intergroup difference would be
plus or minus, and (3) the experimenter expects
differences in both plus and minus, simultaneously.
On the other hand, a one-sided test is applied for
example when (1) the magnitude of difference is
questioned, (2) it is possible to estimate in advance
whether the intergroup difference would be plus or
minus, or (3) the experimenter expects the one-
pattern-difference alone to be important.

Yoshimura and Ohashi® recommended the one-
sided test because the results of a toxicity study are
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Table 1. Example of the number of tests for two-year toxicity study on rats

Item to be tested

Numbers of statistical analyses

Content (including times of analysis)

BOdy Weight  +oeeeesseemreisriii i

FoOd COMSUIMPLION  +++rveersesimrrsessionnsrsiae e

66< 27  Every week for 26 weeks and thereafter every other week
104 x 2* Every week
FOOd efﬁCienCy .........................................................

Every week until 52 weeks

Hematology — =«reerrmerersremme 16 items>< 4 timesx 2 26, 52, 78 and 104 weeks after administration
Blood chemistry — «oeeromeeemremmsimmeees 20 items X 4 times X 2" Ditto
Urinalysis ===+ N 2itemsx 4 timesx 2% Ditto
Organ weighl ....................................... S organs X 4 times X 2 *  Ditto

Organ WClghI/BOdy weight ................................................

------ Ditto

Total

*
Sexes.

evaluated by the presence or absence of an increase
in the mean value in many cases. The Kansai Ap-
plied Statistical Association”’ recommended the use
of the two-sided test for Dunnett’s multiple compar-
ison test. Dunnett® stated that the selection of
these tests is dependent on the policy of the study
director. I report the rate of appearance of the sig-
nificant differences in the data showing a trend in
either fixed direction or mixed sided direction com-
pared with the control and the number of sig-
nificant differences in these two tests seen in the ¢
and Dunnett’s tests in a long-term chronic/carcino-
genicity study conducted by the An-Pyo Center, in
addition to referring to the most widely used statis-
tical analyses by mean of one- or two-sided test in
the literature.

Materials and Methods

The ratios of two- to one-sided test values were
calculated by the #test and Dunnett’s multiple com-
parison test’.

I examined the articles on toxicological studies in
several Japanese and international journals to deter-
mine which test, two- or one-sided test, was used
for statistical analysis of quantitative data. The
Japanese journals were Iyakuhin Kenkyu (from
1991, Vol.22,No. 1t0 1993, Vol. 24, No. 3), Pharmaco-
metrics (from 1992, Vol. 47 to 1993, Vol. 48, No.
2}, and the Japanese Journal of Cancer Research
(from 1992, Vol. 83, No. 1 to 1993, Vol. 84, No.
12). The international journals were Toxicological
and Applied Pharmacology (TAP: from 1992, Vol.
112, No. 1, Jan. to 1993, Vol. 119, No. 2, April),
Food and Chemical Toxicology (FCT: from 1991,
Vol. 29, No. 6 to 1993, Vol. 31, No. 4), and the
National Toxicology Program Technical Report
Series (NTP/NIH: from 1987 to 1992),

To determine whether the actual data from a tox-
icity study would show a unidirectional or bidirec-
tional change in each treated group against the con-
trol group, the properties of items that showed sig-

nificant differences in the one-sided r-test were ex-
amined in a chronic toxicity/carcinogenicity com-
bined study (80 males and 80 females/group x5
groups; 10 rats in each group sacrificed at 26, 52
and 78 weeks, and all survivors sacrificed by 104
weeks), in which the number of statistical analyses
to be tested was the largest and the frequency of
measurements was the highest.

The abovementioned study was selected from
chronic toxicity/carcinogenicity combined studies
conducted by Biosafety Research Center, Foods,
Drugs and Pesticides. Significant differences (p<
0.05) were determined by one- and two-sided tests
for the quantitative data, and the difference in the
detection of significant differences was compared by
the r-tests (Student, Aspin-Welch and Cochran)*”
and Dunnett’s test®.

Results

1. Properties of t table for two-and one-sided
comparisons

Table 2 shows the distribution tables, for both the
one- and two-sided tests at the 0.05 probability
level, which are used for the ttest and Dunnett’s
multiple comparison test. As shown in this table,
the value in the two-sided test was greater than 1/2
the value in the one-sided test, and it was approxi-
mately 0.78 in the t-table. According to Dunnett’s
distribution table, which is used in the establishment
of 4 groups for toxicological study, the value in the
one-sided test was not 1/2 the value in the two-
sided test, but abont 0.85.

2. Trend in literature examined

Table 3 shows the results obtained from the liter-
ature examined.

(1) In all of the Japanese articles reviewed, only
the two-sided test was described, and there was no
mention of the one-sided test.

(2) In 87 of 103 articles in the TAPs in-
vestigated, there was no indication of what test was
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Table 2. Table of ¢ for two- and one-sided comparisons

Level at 0.05 probability level

D F t-test Dunnett’s multiple comparison test *
. Two-sided value One-sided value Two-sided value One-sided value
1 12.706 6.314 - —
2 4.303 2.920 — —
3 3.182 2.353 3.867 2912
4 2.776 2.132 3.310 2.598
5 2.571 2.015 3.030 2.433
6 2.447 1.943 2.863 2.332
7 2.365 1.895 2.752 2.264
8 2.306 1.860 2.673 2.215
9 2.262 1.833 2.614 2.178
10 2.228 1.812 2.568 2.149
21 2.080 1.721 2.370 2.021
22 2.074 1.717 2.363 2,016
31 2.040 1.696 2317 1.986
32 2.037 1.6%4 2314 1.984
41 2.020 1.683 2.291 1.969
42 2.018 1.682 2.289 1.968
60 2.000 1.671 2.265 1.952
120 1.980 1.658 2.238 1.934
240 1.970 1.651 — —
o] 1.960 1.645 2212 1916
Ratio* * 1 : 0.78 1 : 0.85

" Included 4 groups. * *The ratio of mean value for two-sided to one-sided.

Table 4. Properties of quantitative data from a combined study of
chronic toxicity and carcinogenicity. Trend of signifi-
cant differences between each treated group and the con-

Table 3. Present status of two-sided and one-sided tests employed
in toxicity studies on experimental animals, Student’s ¢-
test and Dunnett’s multiple comparison test

S trol group
Mentions in literature
No. of significant differences
Journal One-sided  Two-sided No description No. of compared with control
test test . . .
—_ o —— Item statistical Unidirectional Bidirectional
Iyakuhin Kenkyu 0 5 25 € analyses change change
Pharmacometrics 0 3 58
; I G R 0 ) 20 Body weight 132 130 0
pil. 4. Lancer Res. Food consumption 208 156 22
TAP 4 12 87
FCT 3 5 13 Hematology 88 72 7
NTP N . lvsis * Blood chemistry 144 125 8
NTP Nonparametric analysis Urinalysis 16 9 0
TAP: Toxicology and Applied Pharmacology. FCT: Food and Chemical Organ weight 56 40 2

Toxicology. NTP: National Toxicology Program. "By one-sided test. R
Organ weight/body

weight 56 46 0

Total 700 578 39
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used; 12 used the two-sided test, and 4 used the
one-sided test.

(3) In 33 of 51 articles in the FCTs investigated,
there was no mention of what test (one- or two-
sided test) was used; 15 used the two-sided test,
and 3 the one-sided test. In FCT, Drewitt er al®
used the one-sided #test in the main experiments
and the two-sided #-test in the preliminary test.
Shertzer et al’ determined significant differences
between groups by the one-sided t-test when sig-
nificant differences were observed by ANOVA in a
metabolism test with rats.

(4) In NTPs, in a few studies analysis was by
mean of Williams'® " and Dunnett’s multiple com-
parison test?, and the two-sided test was used
mainly for body weight and the weight of some
organs'® ' clinical chemistry, urinalysis, and hem-
atology data were analyzed, and the nonparametric
multiple comparison test'*'*’ was used for differ-
ences between the control and each treated group.
Hematologic, serum chemical, and relative organ
weight data'® were analyzed by the nonparametric
multiple comparison procedures of Dunnett'” and
Williams'® ', Some NTP reports'*” were analyzed
by only nonparametric multiple comparison tests
of Dunn'® or Shirley'” in the one-sided test.

3. Properties of each quantitative datum from toxicity

study

Table 4 shows the results. No body weight
items measured showed a significant difference with
a bidirectional change in values higher or lower
than those in the control group. Food consumption
was measured every week for 104 weeks; a total of
208 items were measured in both males and femal-
es. Significant differences in a unidirectional change
in relation to the mean value in the control group
were observed for 156 items. There were 22 items
that showed significant differences with a bidirec-
tional change in values higher and lower than those
in the control group. Out of 88 items for hematol-
ogical examination [HCT, HGB, RBC, MCV,
MCH, MCHC, PLT, WBC, NEUT, LYMPH and
reticulocyte; a total of 11 items tested 4 times
(Weeks 26, 52, 78 and 104) X2 sexes]| , 72 showed
significant differences in a unidirectional change in
relation to the control group, and 7 items showed
significant differences with a bidirectional change in
values higher and lower than those in the control
group. Out of 144 items for biochemical examina-
tion (glucose, total cholesterol, triglyceride, phos-
pholipid, NEFA, BUN, total bilirubin, creatinine,
total protein, albumin, sodium, potassium, chloride,
calcium, inorganic phosphate, GOT, GPT and
ALP; a total of 18 items to be tested 4 timesx2
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sexes), 125 showed significant differences in a uni-
directional change in relation to the control group,
and 8 items showed significant differences with a
bidirectional change in values higher or lower than
those in the control group. Nine of 16 items for
urinalysis (volume and specific gravity, a total of 2
items to be tested X4 times <2 sexes), showed sig-
nificant differences in a single direction in relation
to the control group, and there was no item show-
ing a significant difference with a bidirectional
change in values higher or lower than those in the
control group. Forty of 56 items for determination
of organ weight (brain, heart, liver, kidneys, spleen,
adrenal glands, testes and ovaries; a total of 7
organs X 4 times X2 sexes), showed significant dif-
ferences in a unidirectional change against the con-
trol group, and 2 items showed significant differ-
ences with a bidirectional change in values higher
and lower than those in the control group. Out of
56 items for calculation of the organ weight relative
to body weight, i.e., the same as for determination
of organ weight, 46 showed significant differences in
a unidirectional change against the control group,
and there was no item showing a significant differ-
ence with a unidirectional change in values higher
or lower than those in the control group. These
trends, unidirectional change in each treated group
against the control group were observed in another
toxicological report > on rodents.

Some results of hematological and biochemical
examinations show a unidirectional change in the
low-, middle- and high-dose groups, as compared
with the control group, but the maximum-dose
group occastonally displays the opposite direction.
This phenomenon may be due to the extremely un-
balanced bio-reaction to a very massive dose of the
test substance. The test items in the blood chemis-
try revealing these phenomena were creatinine, phos-
pholipid, total cholesterol and chloride, and they
were relatively often observed during examination
in the early stage after administration of the drug.
Out of 700 items for all tests, 578 showed sig-
nificant differences in unidirectional change in rela-
tion to the control group, and 39 items indicated
significant differences with a bidirectional change in
values higher and lower than those in the control
group. The ratio of the bidirectional pattern (39)
to the unidirectional pattern (578) was 1 to 15.

4. Difference in detection of significant differences
between two- and one-sided tests
Table 5 shows the results. In analyses with the
t-test, the number of significant differences detected
by the two-sided test was smaller than that detected
by the one-sided test, 85% on average (76-95%).
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Table 5. Difference in the number of detected significant (p<(0.05) differences between
the one- and two-sided tests in a combined study of chronic toxicity and

carcinogenicity

Dunnett’s Multiple

N?’ ‘Of itest comparison test
statistical
Item analyses One-sided Two-sided One-sided Two-sided
Body weight 528 246 (100) 233 (95) 223 (100) 212 (95)
Food consumption 832 349 (100> 279 (80) 235 (100) 189 (80)
Hematology 352 159 (100) 126 (79) 123 (100} 105 (85)
Blood chemistry 576 272 (100) 235 (86) 215 (100) 181 (84)
Urinalysis 64 11 (100) 10 (91) 7 (100} 5 (71)
Organ weight 224 80 (100} 61 (76) 47 (100) 42 (89)
Organ weight/body
weight 224 104 (100) 89 {86) 82 (100) 67 (81)
Total 2,800 1,221 (100} 1,033 (85) 932 (100) 801 (86)

( ): % of one-sided value in each test.

In analyses with Dunnett’s test, the number of sig-
nificant differences detected by the two-sided test
was also smaller than that detected by the one-sided
test, 86% on average (71-95%). In other words,
the tendencies of the frequencies of detection by the
one-sided and two-sided tests, which were revealed
by the rtest, were similar to those revealed by
Dunnett’s test”. Moreover, the frequency of detec-
tion by the two-sided test was about 85% of the
frequency by the one-sided test.

Discussion

The following were typical opinions in the 6 ref-
erences surveyed with regard to selection of the
one- or two-sided test: (1) Shirley er al.'”’ used the
two-sided test for Student’s ftest and Cochran’s
t-test, and if significant differences were observed in
ANOVA, they used the one-sided test in Dunnett’s
multiple comparison test. (2) Dunnett® recommend-
ed use of the two-sided test to determine simultane-
ous upper and lower limits for the difference be-
tween the control group and each treated group; he
used the one-sided test to determine either the
upper or lower limit on the difference between the
control group and each treated group. (3) Gad et
al®® explained the significant difference between
control and treated groups in body weight by using
the two-sided test. (4) Yoshimura et al* ” recom-
mended using the one-sided test, because toxicity is
evaluated as present or absent by the presence or
absence of an increase in the mean values in toxico-
logical study data in many cases. Additionally,
quantitative data obtained in the toxicological test
should be used in the one-sided test when a differ-
ence compared with the control group is expected,
and this difference can be supposed before the ex-
periment. The two-sided test should be employed

when it cannot be supposed before the experiment
that it provides a unidirectional pattern compared
with the control group as a result of the study. The
change in hypothesis can be accompanied with great
danger of error of the first kind. It is very impor-
tant to increase the power of detection of the differ-
ences among the groups. Generally in toxicity stud-
ies, the experimenter can make a decision accord-
ing to the findings in the same or less biological or
pharmacological effects after the preliminary stud-
ies. (5) Sakuma® emphasized deciding which se-
lection would be suitable for the content of the
study, and using a report of the same type of exper-
iment for reference. In screening tests for new
drugs, the two-sided test is recommended. The ex-
perimenter should not change the hypothesis from a
two-sided to a one-sided test after the test has been
finished. (6) Nakamura®® also stated that selection
of the tests depends on the purpose and content of
the study, and the statistical significance of the data
should not be foreseen. (7) Ishii*” stated that it is
necessary to the select properly according to the sit-
uation in which the difference between two cases
has to be considered to be either plus or minus
alone and in which the difference has to be consid-
ered to be both plus and minus.

All of these opinions suggest that selection of the
one- or two-sided test for a toxicological study on
experimental animals depends on the purpose of the
study, as determined by the experimenter.

Significant differences in quantitative data in tox-
icity studies on experimental animals are determined
according to the one- or two-sided test. The selec-
tion of which test to use is dependent upon the judg-
ment of the study director. Investigation of actual
test reports shows that the frequency of use of the
one-sided test was very low. Some authors*® have
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reported using the two-sided test for preliminary
tests to establish the dose, because it is not known
whether each quantitatively determined value would
be higher or lower than in the control group and
that the one-sided test is or should be used for the
main test, and because the values are acknowledged
to incline toward a unidirectional change in relation
to the control group. On the other hand, in an as-
sessment of the tendency to detect significant differ-
ences from the actual levels in the chronic toxicity
and carcinogenicity combined test composed of 5
groups, 578 of the 700 test items showed significant
differences in unidirectional change in relation to
the control group, and 39 showed significant differ-
ences with a bidirectional change in values higher
and lower than those in the control group. The
reasons for the high frequency of a mixture of high
and low values in food consumption may be the
habits of the animals themselves, scraping out the
feed, spilling feed, and contamination with urine.
With regard to the above test results, the difference
in the number of detected significant differences be-
tween the one- and two-sided tests by the r-test and
Dunnett’s multiple comparison test was analyzed.
The frequency of detection by the two-sided test
was 85 and 869 of that determined by the one-sid-
ed tests. These ratios of 0.78 and 0.85 for two-
sided to one-sided distribution tables (Table 2) for
the two statistical methods were in good agreement.

Significant differences are more apt to be ob-
served in the one-sided test than in the two-sided
test. Since the data from a toxicity study become
the referential values for calculating the safe dose
for medication in humans in the case of drugs and
for deciding the daily maximum tolerable dose in
the case of agricultural chemicals, strict toxicity
checks for humans will be necessary. The one-sided
test with high detection power is therefore recom-
mended to be used for the analysis of significant
differences in quantitative data from main toxicity
studies except for short-term preliminary range
finding studies on experimental animals.
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