
Effects of doxylamine and acetaminophen 
on postoperative sleep 

The separate and combined effects of doxylamine succinate (25 mg) and acetaminophen (1 gm) on sleep 
were studied by interview procedures and information from medical records of 2,931 postoperative 
patients. The sample contained 1,617 patients with mild or moderate pain and 1,314 who were free of 
pain. Each received either doxylamine alone (S), acetaminophen alone (A), a combination of both drugs 
(C), or placebo (P). Drug treatment was double blind and randomized separately for the pain and pain- 
free subsamples. Twelve measures of sleep were determined. C was more beneficial than S or A, and S 
and A were each superior to P. For all 12 sleep measures, the effect of the combination (C - P) 
approximated or exceeded the sum of the two separate effects (S - P) + (A - P). The presence of either 
drug tended to enhance the sleep benefit of the other. The sedative and analgesic benefits to sleep were 
at least additive, and some outcome measures suggested synergism. In the total sample, the contributions 
of sedative and analgesic were similar. Among patients with pain, contributions of the analgesic surpassed 
those of the sedative. For patients free of pain, the sedative was better, but even pain-free patients had 
enhanced sleep after the analgesic. The analgesic, but not the sedative, reduced pain; the analgesic induced 
the feeling of being well rested and not tired; the sedative induced a feeling of being drugged. Nondrug 
variables (e.g., pain, sex, age, and sleep expectations) influenced sleep outcome at least as much as drugs, 
but randomization and the large sample prevented those extraneous variables from biasing drug 
comparisons. (CLIN PHARMACOL THER 37:549-557, 1985.) 
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A recent report of a Consensus Conference on Drugs 
and Insomnia6 cites evidence that one third of the Amer- 
ican population experiences some degree of insomnia, 
but the report recommends a very cautious approach to 
pharmacologic treatment of sleep problems, especially 
when the difficulty is transient (a few days) or short 
term (a few weeks). The practitioner is advised to pre- 
scribe modest doses of comparatively safe drugs (e.g., 
benzodiazepines) for as briefly as practicable. As an 
alternative to barbiturates and tranquilizers, antihista- 
mines have frequently been proposed as nighttime sleep 
aids. Drowsiness as a side effect of antihistamines has 
been recognized for  decade^,^,'^.^^.^^ and sleep facili- 
tation by antihistamines has been shown in various 
types of subjects, including normal subjects, subjects 
with insomnia, nursing home residents, and hospital- 
ized patients who customarily sleep well at home but 
who might have temporary sleep difficulty because 
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of pain and other circumstances associated with hos- 
pitalization,5.7-9.11,12,14,16-19,22.".25 Some studies, how- 
ever, have not found sleep facilitation with antihista- 
mines. Not surprisingly, the various antihistamines 
appear to differ in the degree of sedative effect,I7 and 
a given antihistamine may be efficacious at one dose 
but not at another. Studies of the sedative effects 
of certain analgesiclsedative combinations (e.g., aspi- 
rin or acetaminophen combined with an antihistamine) 
have also shown but, as noted in a 
Food and Drug Administration report," evidence is 
needed to clarify the separate and possibly interactive 
contributions of the components of such combinations 
to the sedative effect. 

Our main purpose was to seek answers to three ques- 
tions: (1) What is the extent and dependability of the 
contribution to sleep of an antihistamine (doxylamine) 
alone and in combination with a mild oral analgesic 
(acetaminophen)? (2) Which component in the two- 
drug combination contributes more to sleep and how is 
the contribution of each related to the presence or ab- 
sence of nighttime pain? (3) Is the combined effect of 
the two drugs additive, synergistic, or less than addi- 
tive? Our investigation, which is a factorial study of 
the separate and combined effects on sleep of 25 mg 
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doxylamine succinate and 1 gm acetaminophen, was 
designed to address those and related questions. 

METHODS 
The 2,931 subjects who participated in this study 

were male (51%) and female (49%) postoperative pa- 
tients at the Massachusetts Eye and Ear Infirmary who 
were studied at least 24 hours after their operation. They 
ranged in age from 17 to 92 years, but most (98%) 
were between 18 and 80 years (one was 17 years old 
and 83 were over 80 years old). Sixty-three percent 
reported that they anticipated having sleep difficulty. 
Forty-five percent reported having no pain at the time 
the sleep medication was given, 42% reported slight 
pain, and 13% reported having moderate pain. Subjects 
reporting severe pain were excluded from study. Po- 
tential participants were also excluded if they had re- 
ceived tranquilizers, narcotics, nonnarcotic analgesics, 
or muscle relaxants within 4 hours of the scheduled test 
medication; were receiving anticoagulants; had a his- 
tory of drug abuse; had severe communication problems 
(e.g., foreign language, deafness); had notations in their 
medical records indicating severe anxiety, depression, 
or hostility; had relevant drug allergies; or had any other 
medically disqualifying problems. 

The sample composition, classified by operative cat- 
egory, was as follows: cataract, 915 patients; retina, 
338; vitrectomy, 79; squint, 61; eye plastic, 83; eye 
major miscellaneous, 20 1 ; eye minor miscellaneous, 
80; stapedectomy, 155; tympanoplasty, 110; ear major 
miscellaneous, 144; ear minor miscellaneous, 36; sub- 
mucous resection and rhinoplasty, 267; nose major mis- 
cellaneous, 127; nose minor miscellaneous, 34; lar- 
yngoscopy, 148; neck mass, 65; throat major miscel- 
laneous, 30; throat minor miscellaneous, 33; cosmetic 
major, 15; and cosmetic minor, 10. Information about 
operative category, age, height, weight, and other po- 
tentially relevant matters was taken from the subject's 
medical record. 

Each subject accepted for participation in the study 
was interviewed by one of three nurse investigators who 
explained its purpose and recorded pertinent informa- 
tion about the subject and his or her typical sleep habits. 
Subjects were told that our objective was to compare 
various medications designed to facilitate sleep; that 
each subject would be studied only once; and that his/ 
her responsibility was to evaluate how well the medi- 
cation worked. The interviewer imparted a positive ex- 
pectation by stating that our purpose was to determine 
which of several effective sleep medications was most 
beneficial. 

At bedtime the nurse investigator who had recruited 
the subject earlier that evening returned with the ex- 

perimental medication, which had been selected on a 
predetermined randomized basis; interviewed the sub- 
ject and recorded information such as degree of pain, 
drowsiness, readiness for sleep, and anticipated sleep 
difficulty; observed the subject take the medication; and 
informed the subject that she or another nurse inves- 
tigator would return the following morning to discuss 
the subject's evaluation of the medication. Each subject 
received one of the following: 25 mg doxylamine suc- 
cinate (S), 1 gm acetaminophen (A), the combination 
of 25 mg doxylamine succinate plus 1 gm acetamino- 
phen (C) or placebo (P). To maintain the double-blind 
control, each treatment (which consisted of two tablets) 
was packaged in an individual plastic vial inserted into 
an envelope identified by subject number (i.e., 1 to 
3,000). The treatment given to each subject was de- 
termined by breaking a sealed code (relating treatment 
to subject number) at the time of statistical analysis. 
All tablets were indistinguishable except by chemical 
analysis. The pain and pain-free samples had separate 
randomizations for drug. Our goal was to have equal 
sample sizes for the three active treatments and a sample 
half that large for placebo (e.g., 840, 840, 840, and 
420 subjects). Through error, the final batch of medi- 
cations used (13% of the total) was prepared with equal 
numbers of the four treatments. Consequently, the ac- 
tual sample sizes were 824, 827, 822, and 458 for S, 
A, C, and P. 

Arrangements were made for the ward nurse to give 
additional nonexperimental sleep or pain medication on 
subject request after a minimum of 60 minutes follow- 
ing the experimental treatment. To avoid an effect of 
negative suggestion, subjects were not informed of this 
back-up plan unless they specifically asked about the 
possibility of receiving additional medication. Ward 
nurses were asked not to volunteer additional medica- 
tion and not to discuss with the subject the effectiveness 
of the experimental medications or any aspects of the 
study itself. 

On the morning after nighttime dosing, the subject 
was interviewed by one of the three nurse investigators. 
The schedule of questions asked is reproduced as Fig. 
1. In addition to obtaining answers to those questions, 
the morning interviewer examined the subject's medical 
record to determine whether additional sedative or an- 
algesic medication had been given after the experi- 
mental treatment. 

Some of the sleep criterion measures are continuously 
distributed (e.g., number of minutes to get to sleep), 
while some have categorically ordered responses (e.g., 
overall amount of help), and still others have dichoto- 
mous responses (e.g., did you awaken during the 
night?). To obtain an omnibus comparison of the effects 
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1. How was your sleep last night? 
t e r r i b l e  poor- fair- g o o d  e x c e l l e n t  

2. Did the medication relieve your pain? 
y e s  n o  had none- 

3. Did the medication help you get to sleep? 
y e a  not sure- no- 

4. How long (in minutes) do you estimate that it took you to fall asleep last night? - 
5. Did the medication help you stay asleep? 

y e s  not sure- no- 
6 .  Did you awaken last night or sleep straight through the night? 

a w o k e  did not a w a k e n  did not sleep at all last nigh- 
7. If you awoke last night, please estimate the number of times.* - 
8. If you awoke, how much trouble did you have getting back to sleep? 

n o n e  some- a l o t  
9. Altogether, how many hours do you estimate that you slept last night? - 

10. Compared with your usual sleep at home, was the number of hours you slept last night: 
less than average- a v e r a g e  more than average- 

11. Did you lose needed sleep because you awoke too early this morning? 
y e s  no- 

12. How did you feel when you woke up this morning? 

drugged y e s  no- 
well rested y e s  no- 
hung over y e s  no- 

tired y e a  no- 
alert yes- no- 

energetic y e a  no- 

13. Since taking our medication last night, did you experience any unpleasant dryness of the 
mouth or nose, severe thirst, or difficulty swallowing? 
y e s  no- 

14. Overall, how much do you think the medication we gave you last night helped? 
not at a l l  a l i t t l e  some- a l o t  it was terrific- 

*This measure has a Poisson distribution. To stabilize its variance, a square root transformation 
was used. 

Fig. 1. Interview schedule. 

of the four treatments (S, A, C, P) on continuously 
distributed variables and on the categorically ordered 
variable concerning the number of nighttime awaken- 
ings, F values were computed with one-way ANOVA; 
categorically ordered variables with either three or five 
response options were analyzed by chi-square as well 
as by ANOVA; and dichotomous variables were ana- 
lyzed by chi-square. Where chi-square values are re- 
ported, the frequency distributions associated with them 
are also included. The numeric values assigned to al- 
ternative responses on the categorically ordered vari- 
ables are shown in the tables. For each of the 12 out- 
come measures, t tests were performed for each of 
the six treatment contrasts (S - P, A - P, C - P, 
C - S, C - A, and S - A). For the three outcome 
measures calling for a yes or no response, chi-square 
tests were also performed. 

Effects of the sedative alone and of the analgesic 
alone were evaluated by the S - P and A - P con- 

trasts. The factorial structure of the study also provided 
measures of the sedative and analgesic effects that are 
more stable and have more generality of meaning than 
the S - P and A - P contrasts. Because S - P is an 
evaluation of the sedative effect when the analgesic is 
absent, and C - A is an evaluation of the sedative 
effect when the analgesic is present, (C + S - 
A - P)/2 measures the average sedative effect in the 
presence and absence of the analgesic. Similarly, (C + 
A - S - P)/2 measures the average analgesic effect 
in the presence and absence of the sedative. The logic 
and analytic efficiency of the factorial approach was 
first described by Fisher.'' 

RESULTS 
Tables I, 11, and I11 deal with measures of sleep onset, 

maintenance, and duration, and Table IV lists two mea- 
sures of overall sleep benefit. All 12 measures reported 
in these four tables show significant differences among 
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Table I. Comparison of four treatment groups on two measures of latency of sleep onset 

Drug treatment 

Scoring S A C P Statistical parameters 

Did medication help Yes = 2 436 458 512 220 x2 = 43.41; P = 0.0001 
you get to sleep? Not sure = 1 216 209 199 113 

No = 0 171 160 111 125 

X 1.32 1.36 1.49 1.21 F = 13.81; P = 0.0001; 
SD 0.80 0.79 0.72 0.84 df = 3 and 2,926 

Minutes needed to 
fall asleep 

- 
X 46.0 43.9 37.3 53.9 F = 11.21; P = 0.0001; 
SD 53.4 48.0 41.5 61.2 df = 3 and 2,925 

Table 11. Comparison of four treatment groups on five measures of sleep maintenance 

Drug treatment 

Scoring S A C P Statistical parameters 

Did medication help Yes = 2 353 340 404 161 x2 = 30.03; P = 0.0001 
you stay asleep? Not sure = 1 72 65 78 44 

No = 0 398 42 1 340 253 

X 0.95 0.90 1.08 0.80 F = 9.53; P = 0.001; 
SD 0.95 0.96 0.95 0.93 df = 3 and 2,925 

Times awoke (square 
root of number) 

Awoke during the Yes 
night No 

Had trouble getting None = 1 
back to sleep Some = 2 

A lot = 3 

- 
X 1.25 1.22 1.10 1.25 F = 4.70; P = 0.01; 

SD 0.92 0.89 0.89 0.89 df = 3 and 2,927 

- 
X 1.63 1.69 1.52 1.69 F = 5.11; P = 0.01; 
SD 0.82 0.83 0.76 0.83 df = 3 and 2,032 

Required additional Yes 148 98 84 87 x2 = 32.51; P = 0.0001 
medication No 676 729 737 37 1 

Wherever the sample size is less than 2,931, the information either was not obtained or did not apply. For example, 85 patients (3% of the total sample) said they 
were unable to determine whether they had awakened during the night; hence the total sample for that question was 2,846 rather than 2,931. The sample for "had 
trouble getting back to sleep" was 2,036, because that question was asked only of the 2,036 patients who reported having awakened during the night. As seen in 
other tables of this report, the total sample was 2,930 (rather than 2,931) for five other sleep criteria and was 2,929 for one. 

Table 111. Comparison of four treatment groups on three measures of sleep duration 

Drug treatment 

Scoring S A C P Statistical parameters 
- 

Hours slept* X 7.16 6.97 7.40 6.90 F = 9.55; P = 0.0001; 
SD 1.97 1.93 1.77 2.15 df = 3 and 2,927 

Sleep compared Better = 3 376 336 410 193 x2 = 27.14; P = 0.0001 
with home Average = 2 217 214 204 101 

Worse = 1 23 1 277 207 164 
- 
X 2.18 2.07 2.25 2.06 F = 7.79; P = 0.0001; 
SD 0.84 0.86 0.83 0.88 df = 3 and 2,926 

Awoke too early? Yes 
No 

*Time slept after breakfast, but before morning interview, was included in the estimate of total time slept. 
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Table IV. Comparison of four treatment groups on two global measures of benefit 

Drug treatment 

Scoring S A C P Statistical parameters 

How was your sleep Terrible = 1 53 31 29 30 x2 = 43.48; P = 0.0001 
last night? Poor = 2 99 115 69 66 

Fair = 3 209 223 199 123 
Good = 4 372 383 407 20 1 
Excellent = 5 91 75 117 38 

Overall help 

- 
X 3.42 3.43 3.63 3.33 F = 10.80; P = 0.0001; 

SD 1.05 0.96 0.95 1.03 df = 3 and 2,926 

Not at all = 1 121 113 72 92 x2 = 54.85; P = 0.0001 
A little = 2 119 113 79 66 
Some = 3 207 225 239 118 
A lot = 4 275 280 307 139 
Terrific = 5 102 96 125 43 

- 
X 3.14 3.16 3.41 2.95 F = 15.66; P = 0.0001; 

SD 1.24 1.21 1.13 1.28 df = 3 and 2,927 

the four treatments. Tables I to IV show that C provides 
the greatest sleep benefit, that P provides the least, 
and that benefits of the S and A treatments are inter- 
mediate. 

To obtain more specific information, each of the six 
possible pairs of drug treatments (S - P, A - P, 
C - P, C - S, C - A, and S - A) was evaluated 
by t test and/or chi-square for each of the 12 outcome 
measures. C was superior to P on all 12 sleep criteria; 
C was superior to S on 10 criteria and was superior to 
A on 11. S was superior to P on six criteria and A was 
superior to P on four. S was superior to A for the 
measures "hours slept" and "sleep compared with 
home," while A was superior to S for "required ad- 
ditional medication." 

As already mentioned, the factorial structure of the 
study provides a general measure of the sedative effect 
and a general measure of the analgesic effect, where 
each is the average effect obtained in the presence and 
absence of the other drug. Table V lists results for 
each of 12 measures of sleep benefit when the sedative 
effect is measured by (C + S - A - P)/2 and the 
analgesic effect is measured by (C + A - S - P)/2. 
Results are reported for the total sample of 2,931 sub- 
jects and for the two subgroups distinguished by 
whether or not pain was present when the nighttime 
medication was given. For each of the 12 outcome 
variables, two stepwise regression analyses were per- 
formed on the total sample and on each of the two 
subgroups. One regression in each pair tested the sig- 
nificance of the sedative effect after controlling for the 
analgesic effect; the other tested the significance of the 

analgesic effect after controlling for the sedative effect. 
The F values and associated probability levels in Table 
V were obtained under these constraints. 

Significant beneficial effects of both drugs on sleep 
are evident in all three samples, but primarily because 
the smaller subsamples have larger error terms, benefits 
are more persuasive in the total sample than in either 
of the subsamples. In the total sample, 11 of the 12 
measures show a significant sleep benefit due to the 
sedative, and nine show a significant sleep benefit due 
to the analgesic. Thirty-one of the 48 comparisons in- 
volving the two subsamples (pain and pain-free) are 
significant. In the pain-free sample, the benefit of the 
sedative tends to be greater than that of the analgesic 
on most outcome measures, and the opposite relation- 
ship prevails in the pain sample (see Table V). The 
finding that the analgesic effect was significant for five 
measures in the pain-free sample was unanticipated; its 
potential importance will be discussed later. 

Tables I to IV show that the sleep benefit due to the 
combination treatment (C - P) is approximately equal 
to the sum of the two individual treatment contrasts 
(S - P plus A - P) for six outcome measures and is 
substantially larger than that sum for the remaining six. 
Thus the sedative effect tends to be larger in the pres- 
ence of the analgesic than in its absence, and the an- 
algesic effect tends to be larger in the presence of the 
sedative than in its absence. The sedative and analgesic 
effects are at least additive and, on some measures, 
might be synergistic. 

For subjects who reported pain at the time the night- 
time medication was given, a chi-square value of 29.68 
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Table V. Sleep benefit analyzed by factorial measures of the sedative and the analgesic effects: F values for the 
total, pain, and pain-free samples 

Total sample Pain sample Pain-free sample 
(n = 2,931) (n = 1,617) (n = 1,314) 

Sedative Analgesic Sedative Analgesic Sedative Analgesic 

Helped get to sleep 17.27* 29.79* 11.31t 21.06* 6.15$ 9.05$ 
Minutes to fall asleep 14.24t 23.90* 7.11f 15.60* 7.57$ 8.40$ 
Helped stay asleep 20.96* 11.30t 3.48 12.91t 24.09* 1.15 
Square root of number of 4.100 8.43$ 0.37 7.47$ 6.02$ 1.74 

times awoke 
Awoke during night 5.830 7.09$ 1.77 10.38t 4.510 0.34 
Trouble getting back to sleep 1 1.26t 3.06 3.06 2.04 11.33t 0.88 
Required additional medication 1.11 32.73* 0.13 24.13* 2.41 9.76$ 
Hours slept 24.53* 5.520 6.39$ 5.929 23.54* 0.57 
Sleep compared with home 21.89* 1.97 5.509 1.82 20.81* 0.35 
Awoke too early 5.370 3.00 4.650 1.69 1 .07 1.30 
How was sleep 16.75* 18.28* 4.829 12.23t 15.97* 6.62$ 
Overall help 24.72* 28.71* 7.80$ 29.19* 19.30* 4.120 

A patient's factorial score for sedative is "1" if C or S was given and " 0  if A or P was given. Similarly, the analgesic score is "1" if the trial medication was 
C or A and "0" if it was S or P. Each F value has one degree of freedom for drug effect. Degrees of freedom for the error terms are n - 3; see text. - 

Significance values: *P = 0.0001; tp = 0.001; $p = 0.01; $p = 0.05. 

was obtained when the four drug treatments were com- 
pared regarding pain relief. With three degrees of free- 
dom, the probability value of that chi-square is P = 
0.0001. Pain relief after receiving A, C, S, and P was 
reported by 79%, 82%, 69%, and 69% of the subjects. 
These results indicate that differences among treatments 
regarding pain relief are due almost entirely to the an- 
algesic, a conclusion supported by recasting the 4 x 2 
table as six 2 x 2 tables. The chi-square results for 
the 2 X 2 tables were significant for A vs. P, C vs. P, 
C vs. S, and A vs. S,  but were not significant for S 
vs. P and C vs. A. 

For the full sample (2,931 subjects), chi-square anal- 
ysis was used to compare the four drug treatments re- 
garding frequency of report of unpleasant anticholin- 
ergic effects (dryness of mouth or nose, severe thirst, 
or difficulty swallowing) as well as frequency of reports 
of feeling drugged, well rested, hung over, tired, alert, 
and energetic upon awakening. As seen in Table VI, 
three of those seven variables revealed significant dif- 
ferences among the four drug treatments: felt tired, felt 
well rested, and felt drugged. Further evaluation with 
2 X 2 chi-square analyses showed that those significant 
overall results derive from the fact that the treatments 
containing the analgesic (A and C) are associated with 
reports of feeling well rested and not tired, while the 
treatments containing the sedative (S and C) are asso- 
ciated with reports of feeling drugged. 

Earlier unpublished sleep studies performed on post- 
operative patients at the Massachusetts Eye and Ear 
Infirmary have shown that the type of operation per- 

formed, presence or absence of pain, extent of drows- 
iness when medication is administered, and several 
other nondrug variables can influence measures of sleep 
outcome. In the present study, each of three extraneous 
variables (operative category, pain, and expect trouble 
getting to sleep) was found to account for substantially 
more criterion variance than the drug variable itself; six 
others (expect trouble staying asleep, drowsiness, in- 
quiry about back-up medication, sex, age, and type of 
admission) were all similar to the drug variable re- 
garding influence on outcome measures; and three 
(whether a sedative was given on the night preceding 
the study, which of the three nurses performed the eve- 
ning interview, and which one performed the morning 
interview) were significant but were somewhat less in- 
fluential than the drug variable. 

Considered one at a time, these 12 extraneous vari- 
ables indicated a satisfactory balance across the four 
drug treatment groups. As a check for possible bias due 
to multivariate imbalance, 24 stepwise regression anal- 
yses were performed in which each of the 12 sleep 
outcome measures (see Table V) was predicted twice 
from a 14-variable prediction battery. In all analyses, 
the two factorial drug measures were tested after sta- 
tistically controlling for the effects of the 12 extraneous 
variables just mentioned; i.e., the drug variables were 
entered as the 13th and 14th predictor variables in the 
stepwise regression. Subjects given C or S were scored 
"1" on the factorial sedative measure; those given A 
or P were scored "0." Similarly, subjects given C or 
A were scored "1" on the factorial analgesic measure 
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Table VI. Comparison of four treatment groups on seven nonsleep outcome measures 

Drug treatment 

Scoring C S A P X* df P value 

Upon awakening this morning 
did you feel tired? 

Upon awakening this morning 
did you feel well rested? 

Upon awakening this morning 
did you feel drugged? 

Upon awakening this morning 
did you feel alert? 

Upon awakening this morning 
did you feel energetic? 

Upon awakening this morning 
did you feel any unpleasant 
effects such as dry mouth, 
dry nose, severe thirst, or 
difficulty swallowing? 

Upon awakening this morning 
did you feel hung over? 

Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 

Yes 
No 

196 237 209 140 
626 587 618 318 9.58 3 0.02 
593 55 1 602 313 
229 273 225 145 9.27 3 0.05 
56 53 24 14 

766 77 1 803 444 20.49 3 0.0001 
450 428 450 232 
372 396 377 226 2.99 3 NS 
258 244 270 136 
564 580 557 322 2.22 3 NS 

7 3 2 4 
815 82 1 825 454 4.23 3 NS* 

*Because of the small cell sizes in this comparison, chi-square tests were performed comparing C + S vs. A + P, and comparing C + A vs. S + P. In addition, 
Fisher exact tests were performed for the two contrasts just mentioned and for C - P, A - P, and S - P. None of these supplemental analyses showed a significant 
anticholinergic effect due either to the sedative or the analgesic. 

and those given S or P were scored "0." In 12 of the 
24 analyses, the effect of the sedative was tested after 
testing (thus after controlling) the effect of the anal- 
gesic; that order was reversed in the other 12 analyses. 
In the analyses in which the sedative variable was en- 
tered last (14th), the effect of the sedative was signif- 
icant in predicting all of the 12 outcome measures ex- 
cept ''required additional medication. '' In the analyses 
in which the analgesic was entered last, its effect was 
significant in predicting all outcome measures except 
"sleep compared with home," "trouble getting back 
to sleep," and "awoke too early." Thus, as measured 
by most outcome variables, even with the stringent an- 
alytic controls just described, both the sedative and the 
analgesic induced significant sleep benefit. The pattern 
of significant results was the same as that shown in the 
first two columns of Table V. 

The size and direction of the univariate and multi- 
variate effects of the extraneous (nondrug) variables on 
sleep will be considered in a later report. The point to 
be noted here is that several nondrug variables strongly 
influenced the outcome variables, but, as anticipated, 
randomization and the use of a very large sample pre- 
vented those powerful extraneous variables from bias- 
ing drug comparisons. 

DISCUSSION 
Our study supports previous f ind ing~l~ , '~  that doxyl- 

amine succinate enhances sleep and concurs with some- 
what later reports20~2',23~26 that sleep is benefited by anti- 

histaminelanalgesic combinations. However, as noted 
by the Food and Drug Administration," demonstrating 
the efficacy of such combinations is not, by itself, un- 
ambiguously interpretable. Does the analgesic add to 
the sedative efficacy of the antihistamine, or is the ben- 
efit of such combinations due entirely to the effect of 
the antihistamine? If the analgesic does add to sleep 
benefit, how much does it contribute and under what 
circumstances? Does the analgesic facilitate sleep only 
among individuals who have pain at bedtime, or is its 
contribution to sleep more general? If both drugs fa- 
cilitate sleep, what is their relative contribution, and 
how does the combined effect compare with the sum 
of the two separate effects? Such questions can best be 
answered with information collected in a factorial de- 
sign; our literature search revealed no factorial study of 
the effects of an antihistaminelanalgesic combination 
on sleep. 

In the present factorial study, both components of 
the sedative/analgesic combination contributed signif- 
icantly to sleep facilitation. In the total sample, the two 
components were approximately equal in their contri- 
bution to sleep benefit. The combined effect was at 
least as large as the sum of the two separate effects, 
and some sleep measures indicated the likely presence 
of synergism. The effects of the analgesic and sedative 
were influenced by the presence or absence of pain at 
bedtime. Among subjects with pain, the analgesic was 
more useful than the sedative. Among those who were 
free of pain, the sedative was more useful, but even 
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pain-free subjects obtained significant benefit from the 
analgesic on certain measures of sleep outcome. 

Interpretation of the findings just summarized is con- 
strained by the population studied and by the methods 
used. Subjects were either pain free or had mild to 
moderate pain levels at bedtime. The unusual and some- 
times distracting circumstances of hospitalization posed 
potential difficulty for sleep, and 63% of the subjects 
stated that they thought they would have difficulty 
sleeping if not given a sleep aid; an additional 27% said 
they were unsure. Even so, this is not a population with 
long-standing or serious sleep problems. Only 2.1% 
reported either frequent or nightly use of sedatives as 
sleep aids at home. Most of our subjects were of the 
type characterized in the Consensus Conference6 as in- 
dividuals with transient insomnia; some appeared to 
have no insomnia of any kind. The fact that heavy 
sedation was not needed by most subjects in this sample 
is illustrated by the highly favorable placebo response 
obtained: 64% of subjects given placebo reported sleep- 
ing at least as long as they typically sleep at home, only 
19% required additional sedative and/or analgesic dos- 
ing, and only 27% reported that the medication did not 
help them get to sleep. The high placebo response was 
due partly, no doubt, to our deliberate suggestion that 
the medication was likely to be effective; but that sug- 
gestion would probably have been less effective in sub- 
jects with more severe sleep problems. 

Although the placebo was helpful, the active treat- 
ments-especially the combination-were even more 
beneficial. Among those who received 25 mg doxyl- 
amine with 1 gm acetaminophen, 75% reported sleeping 
at least as long as they typically slept at home, only 
10% required additional sedative and/or analgesic, and 
only 14% reported that the medication did not help them 
get to sleep. Thus the percent requiring additional med- 
ication after P and C was 19% and lo%, and the percent 
reporting no help in getting to sleep after P and C was 
27% and 14%. Despite the low failure rate with P, the 
failure rate with C was approximately half that of P on 
those two measures. Both the modest potency of the 
active drugs studied and the high placebo effect make 
more difficult the demonstration of statistically signif- 
icant benefits of the active drugs; in the present study, 
however, that problem was offset by the use of a large 
sample. 

Another problem that could have caused interpreta- 
tional difficulties relates to the powerful effect on sleep 
outcome of extraneous variables such as sex, age, pain, 
expectations of sleep difficulty, drowsiness, and type 
of operation. Fortunately, randomization and the large 
sample prevented those extraneous variables from bias- 

ing our drug comparisons. However, the extensive in- 
fluence of those variables on sleep indicates that they 
should be measured routinely in studies such as this 
and checked for maldistribution on drug treatments. 
This is especially important if the sample size is small. 
The influence of many extraneous variables is elimi- 
nated in crossover studies in which each subject is his 
or her own control, but some extraneous variables, such 
as expectations of sleep difficulty and drowsiness, are 
as problematic in crossover studies as in studies in 
which each subject is studied only once. 

Because the overall benefit of a sleep aid depends in 
part on how the patient feels on the morning after med- 
ication, it should be mentioned again that acetamino- 
phen was associated with feeling well rested and not 
tired, and that doxylamine was associated with feeling 
drugged. The latter agrees with the report of Sjoqvist 
and LasagnaIg; the former might simply reflect the im- 
proved sleep provided by acetaminophen. Anticholin- 
ergic effects were reported slightly more often by those 
who received doxylamine than by those who did not, 
but the effect was too small to be significant. 

One particularly interesting result is the sleep benefit 
when acetaminophen was given to subjects who had no 
pain. It is important to remember that all subjects were 
postoperative patients. Such individuals are likely to 
experience pain periodically during their postoperative 
recovery (i.e., they are temporarily pain prone). Even 
if such a patient is pain free when the nighttime med- 
ication is given, he or she might benefit prophylactically 
from an analgesic that helps forestall sleep-disrupting 
nighttime pain. Although the interpretation just sug- 
gested is conjectural, the finding itself is an empiric 
fact. To the best of our knowledge, this is the first 
published report of a quantitative demonstration that a 
mild analgesic can, by itself, facilitate the sleep of 
individuals who are pain free when the analgesic is 
taken. This suggests the possible usefulness of inves- 
tigating the sleep benefit of acetaminophen given at 
bedtime to individuals other than postoperative patients 
who are pain free at bedtime but whose illness or injury 
is apt to induce recurrent pain. 

We are indebted to Nancy O'Neil, R.N., Suzanne Hudson, 
R.N., Margaret Dembro, R.N., and Cristine Crossen Tre- 
thewey, R.N. for assistance in developing the interview pro- 
cedures; to Ms. Dembro, Mrs. Trethewey, and Judy Durn, 
R.N., for data collection; to Philip Lavori, Ph.D., for advice 
on statistical matters; and to Frederick Schwerin, B .S., and 
Lizbeth Hoke, B . A., for programming the computer analyses. 
The drugs were manufactured, packaged, and supplied by 
Bristol-Myers Products. 
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