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Objective: To test the efficacy of a specially-formulated,
carbohydrate-rich beverage (one known to increase the se-
rum ratio of tryptophan to other large neutral amino acids)
on the mood, cognitive, and appetitive disturbances of
premenstrual syndrome (PMS).

Methods: Twenty-four women with confirmed PMS were
enrolled in a double-blind, crossover study to test the
efficacy of the specially-formulated beverage compared with
two other isocaloric products on PMS symptoms. The study
was conducted over three menstrual cycles preceded by a
1-month placebo run-in. Patients were tested at home or
work using an interactive computer-telephone system. Stan-
dardized measurements of mood, cognitive performance,
and food cravings were made before and 30, 90, and 180
minutes after consumption of active and placebo beverages
during the late luteal phase of the menstrual cycle.

Results: The experimental carbohydrate intervention sig-
nificantly decreased self-reported depression, anger, confu-
sion, and carbohydrate craving 90-180 minutes after intake.
Memory word recognition was also improved significantly
compared with scores obtained during the placebo run-in
month (P < .05). The isocaloric placebo interventions had no
significant effect on any of these measures.

Conclusion: The results suggest that the psychological and
appetitive symptoms of PMS can be relieved after consum-
ing a specially-formulated, carbohydrate-rich beverage
known to increase serum tryptophan levels. (Obstet Gynecol
1995;86:520-8)
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Premenstrual syndrome (PMS) describes a set of so-
matic, appetitive, behavioral, and cognitive changes
that recur monthly during the late luteal phase of the
menstrual cycle.' The etiology of PMS remains un-
known, but deficiencies in serotonin-mediated brain
neurotransmission are now considered responsible, in
part, for the symptoms of dysphoria and increased
consumption of carbohydrate-rich foods observed with
this syndrome.>” The evidence for that comes from
studies in which drugs that increase synaptic serotonin
levels ameliorate these symptoms. Dexfenfluramine,
which releases brain serotonin and blocks its re-uptake,
improves premenstrual dysphoria and normalizes cal-
oric and carbohydrate consumption among women
with moderate to severe PMS.> Similarly, fluoxetine, a
selective serotonin re-uptake blocker, improves the psy-
chological symptoms of women with severe PMS.>7"!

Previous studies in the rat have demonstrated that
dietary manipulations that increase the relative abun-
dance of serum tryptophan compared with other amino
acids are associated with an increase in brain trypto-
phan levels and serotonin synthesis. In one such ma-
nipulation, the intake of carbohydrates was found to
increase brain serotonin synthesis by an insulin-
mediated reduction in plasma levels of large neutral
amino acids that naturally compete with tryptophan,
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serotonin’s precursor, for receptor-mediated transport
across the blood-brain barrier."” In humans, clinical
studies have shown that dietary modifications that
cause a depletion of serum tryptophan levels have
negative effects on mood and cognition,'*'* suggesting
that the mechanisms of tryptophan uptake and seroto-
nin synthesis by the human brain may be similar to that
of the rat. Women with PMS increase their consumption
of carbohydrate-rich foods significantly, and some evi-
dence suggests that this may induce a serotonin-
mediated improvement in mood."™'® The hypothesis
that the carbohydrate craving of women with PMS
reflects an attempt at self-medication was examined in a
previous study'” by allowing subjects to consume a
dinner of corn flakes and assessing their mood using
self-reported psychological measures immediately be-
fore and after the meal. There was a significant im-
provement in mood 90 minutes after the meal, suggest-
ing that carbohydrate intake can generate a response
that is similar, albeit less robust, than that seen after
treatment with serotoninergic drugs. However, this was
not a double-blind study, which means that the ob-
served improvement in symptoms may have been due
to expectation eftects. Furthermore, because the test
meal was given at dinnertime, it is possible that food
intake alone contributed to the observed improvement
in mood. Moreover, conducting the study in the neutral
setting of a clinical research center may in itself have
contributed to a lessening of tension, anger, or depres-
sion.

With the shortcomings of the aforementioned studv
in mind, the current study was designed to examine the
efficacy of a specially-formulated, carbohydrate-rich bev-
erage in relieving premenstrual disturbances in mood,
appetite, and cognitive pertormance. Women with PMS
were tested in their home or work environment in a
double-blind, placebo-controlled, crossover trial. This
allowed the subjects to be tested whenever they were
premenstrual, even if that occurred on weekends or
holidays, and did not restrict testing to weekdays when
the research facility was open. Our hypothesis was that
the intake of appropriately designed, carbohydrate-rich
foods alleviates the symptoms of PMS.

Materials and Methods

Subjects responded to newspaper advertisements invit-
ing participation in a study on the effects of dietary
interventions on premenstrual mood changes. The
study protocol was approved by the Institutional Re-
view Board of Massachusetts General Hospital, and all
subjects gave informed consent before starting the
study. To qualify, subjects had to meet established
National Institute of Mental Health criteria for the
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diagnosis of PMS'” as well as the criteria listed in the
diagnostic and statistical manual for the diagnosis of
late luteal-phase dysphoric disorder.'® This meant a
I-year history of tive or more symptoms attributable to
the disorder, with at least one symptom being marked
affective lability, irritability, tension, or depression.
Symptoms had to be severe enough to impair daily
activities and had to be present premenstrually and
remit with the onset of menses. The subjects had to be in
good health, nonsmokers, and not using oral contracep-
tives or any other medication. Women who were preg-
nant or lactating or had irregular menstrual cycles,
gynecologic disorders, or psychiatric illness were not
accepted. For 2 consecutive months, subjects had to
prospectively rate daily changes in their mood, appe-
tite, work and social impairment, and physical symp-
toms using a symptom rating scale. The items on the
scale were based on those in the daily calendars used by
Mortola et al'” and Endicott and Halbreich® to track
premenstrual symptomatology. In addition, the data
form included questions on food cravings, health status,
and daily incidence of stressful events and was com-
pleted each day for the first 2 weeks of each cycle.
Psychiatric illness was excluded by independent inter-
views with a psychiatrist. Women with high scores on
the mood and appetite scales in the early phase of the
menstrual cycle (follicular phase) were asked to with-
draw because they might have had a diagnosis other
than PMS (eg, depression or premenstrual magnifica-
tion syndrome). Patients were supplied with, and in-
structed in the use of, ovulation prediction kits (Clear
Plan Easy; Whitehall Laboratories, Madison, NJ). As
soon as the color change that indicates the preovulatory
LH surge in urine was observed, patients were asked to
report their symptoms each evening by telephone using
a voice-mail system in addition to completing the daily
calendar. Subjects with a 30% increase in the symptom
severity during the postovulatory phase of two men-
strual cycles as reported on the daily diary form qual-
itied for the testing phase and were asked to continue
tracking and reporting ovulation and symptoms in the
same way over the next 4 months.

Three dietary interventions were tested. The experi-
mental beverage, designated A, contained a mixture of
simple and complex carbohydrates previously shown
to raise the serum tryptophan to large neutral amino
acid ratio significantly above fasting levels and hypoth-
esized to be the most likely dietary intervention to alter
premenstrual symptoms. Two other beverages, desig-
nated B and C, were also tested; these were similar in
appearance and identical in calorie content to beverage
A but contained mixtures of protein and carbohydrate
(B) or carbohydrates (C) that left the serum tryptophan
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to large neutral amino acid ratio unchanged. In an
earlier pilot test on volunteers, consumption of drink A,
which contained 47.5 g of a mixture of dextrose and
maltodextrin, caused a 29% increase in the serum
tryptophan to large neutral amino acid ratio at 90
minutes (mean [standard error of the mean] TO = 0.168
[0.016], TOO = 0.217 [0.025], P < .05), and this increase
was sustained 180 minutes after intake. Control drink B
consisted of 15 g of casein and 32.5 g of dextrose; its
consumption caused a slight and insignificant decrease
in the plasma tryptophan to large neutral amino acid
ratio (TO = 0.088 [0.007], T90 = 0.086 [0.004]). Control
drink C contained 47.5 g of a mixture of galactose and
dextrose; this increased the serum tryptophan to large
neutral amino acid ratio by less than 4% (TO = 0.107
[0.004], T90 = 0.112 [0.004]). Based on these data, we
assumed that using the three drinks in a randomized,
blinded study would distinguish the effects of consum-
ing calories per se (drink B) or carbohydrates per se
{(drink C) from the effects of consuming nutrients that
presumably enhance serotonin-mediated neurotrans-
mission (drink A). Drink B was also used as the placebo
run-in product during the first month of testing. The
three drinks were isocaloric and supplied slightly under
200 calories. They were manufactured by Shear-
Kershman (St. Louis, MO), provided in individual con-
tainers as orange-flavored powders, and reconstituted
in 7.5 ounces of water immediately before consumption.

The subjects consumed one of the test beverages
during the late luteal phase of the menstrual cycle on a
day when premenstrual symptomatology had signifi-
cantly worsened from follicular levels. The testing day
was determined by closely monitoring the severity of
each subject’s symptoms as reported on her daily chart
and transmitted by telephone each evening. Symptoms
were checked daily after ovulation, and when mood
and appetite measurements indicated at least a 30%
increase in severity over follicular levels, the subjec:
was called and scheduled to be tested within the next 48
hours. Because premenstrual tension, anger, depres-
sion, and confusion scores obtained with the self-
reported form have been shown previously to correlate
significantly with scores on the Profile of Mood States
(POMS)," it was assumed that the daily symptom
report was predictive of the subject’s pre-drink re-
sponses on the POMS. The three drinks were adminis-
tered according to a Latin square crossover schedule,
and the study was carried out double-blind. The
3-month testing period was preceded by a placebo
run-in month during which all subjects ingested control
beverage B. This testing period was used to decrease the
possibility that participation in the study would in itself
alleviate premenstrual symptomatology. Neither the
subjects nor staff members in contact with the subjects
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knew that the first month intervention was a placebo;
however, the subjects were told that they would receive
the same drink again during one of the 3 subsequent
test months. Subjects were told to eat lunch no later
than 11:45 aM on each test day so as not to consume the
test beverage soon after the meal. Specific guidelines as
to the size and content of the lunch meal were provided
before testing to minimize possible effects of the meal
itself on hunger, appetite and food cravings, and vari-
ations in the digestion and absorption of the test bev-
erages. Subjects were not allowed to consume any food
or beverage except water during the testing period. If a
woman’s menstrual period happened to start before the
designated test day, she was tested on that beverage
during her next menstrual cycle. Testing usually started
around 2 pM™.

Mood and appetite scores were obtained during a
3-hour period that presumably overlapped with the
period of sustained increase in the serum tryptophan to
large neutral amino acid ratio after ingestion of drink A.
Subjects were tested immediately before consuming the
test beverage (T0) and 30 (T30), 90 (T90), and 180 (T180)
minutes thereafter. Mood was measured using an ab-
breviated questionnaire modeled on the POMS.*! Sub-
jective ratings of tension, depression, anger, and confu-
sion were obtained using a five-point scale in which 0
was “not at all’” and 4 was “very much.” Cravings for
protein-rich foods (eg, fish or chicken), carbohydrate-
rich foods (eg, cookies or chips), fat-rich foods (eg,
cheese or peanut butter), and fruits and vegetables as
well as appetite in general were assessed with a ten-
point scale in which 1 was “not at all” and 10 was “very
much.”

The mood and appetite assessments were carried out
using a computerized telephone system. The subject
called a toll-free number, entered an identity code using
the number pad of the telephone, and was then asked to
respond to questions on the mood and appetite scales.
The computer asked the subject to respond to questions
about how she felt and also to rate her cravings and
appetite at that moment. She was asked to use the
numbers on the telephone keypad to quantify her
responses. After each response, the computer stated a
verbal equivalent of the number response; ie, if the
subject pressed “1” in response to a query on confusion,
the computer stated, “You are a little confused.” If the
computer statement did not conform to the patient’s
subjective state, she was given the opportunity to
change her answer. The instructions were repeated
several times during the testing process, and subjects
were taught how to interact with the computer before
the initiation of the actual testing process. Use of this
telephone-dependent testing system enabled testing to
be carried out on weekends and holidays as well as
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during the work week in the subject’'s own environ-
ment. In many cases, the testing began while the
subjects were at work and was completed after they had
returned home.

The cognitive tests were administered by an investi-
gator over the telephone because the verbal responses
to two of the three tests could not be quantified on a
scale of 1-10. Repetitive administration of cognitive
tests is known to improve performance. To minimize
such practice effects, subjects were not tested before
consuming the test drink, but were tested only once
during the 3-hour period after its consumption. More-
over, different forms of each test were used when the
effects of the other two drinks were examined. T90 was
chosen as the test time for cognitive function because
we believed that T30 testing would precede the ex-
pected changes in brain serotonin levels and T180
testing might affect responses because of testing fatigue.
Responses were compared with those obtained during
the follicular phases of the first two cycles and to
responses obtained during the late luteal phase of the
placebo run-in cycle. The follicular-phase testing was
carried out between days 7 and 8 of the menstrual cycle
and at the same time of day that luteal-phase testing
was done. The follicular scores obtained from the first 2
months of testing were summed to obtain a mean
follicular rating for each of the cognitive measurements.

Three cognitive tests were administered at T90: the
Paced Auditory Serial Addition Test (PASAT), the
Auditory Consonant Trigrams Recognition (ACT-R)
and the Controlled Oral Word Association Test
(COWAT). In the PASAT, the subject must add 60 pairs
of randomized digits so that each digit is added to the
digit immediately preceding it, but not to the sum of the
two digits preceding it.”* Each sum is stated aloud by
the subject before the next digit is spoken by the
investigator, and the entire test is timed and presented
rapidly at a fixed rate. The ACT-R measures verbal
recognition and memory by asking the subject to recall
six sets of three consonants previously spoken by the
investigator and repeated by the subject.® The conso-
nants that must be recognized are interspersed among
consonant sets that the subject has not heard previ-
ously. The COWAT, which assesses word finding and
verbal retrieval, asks the subject to say as many words
during 1 minute as she can think of that begin with a
particular letter of the alphabet.”* Different letters with
similar word frequencies are used during each testing
period.

A repeated measures Latin squares design was used
in analyzing the data in order to adjust for anticipated
order effects. For variables showing a significant inter-
action effect (product versus time), single-factor analy-
ses of variance (ANOVA) by time were done using
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Newman-Kuels pairwise comparisons to test for signif-
icant differences between products. The pre-drink TO
mood and carbohydrate craving scores showed large
inter-subject variability from cycle to cycle. To adjust for
this, statistical analyses were performed using the T0
scores as the covariate. Repeated measures of covari-
ance were used to assess effects of the dietary interven-
tions on mood. Before analyzing the data for the mood
scores, we decided to focus on the change in mood
90-180 minutes after intake. This time period was
selected as the most likely to reveal changes in mood,
appetite, and cognitive measures; it coincided with the
period of expected increase in the serum tryptophan to
large neutral amino acid ratios found in our pilot study
as well as in other studies in both men and women.”>?
However, because T180 often coincided with subjects’
dinnertime and complaints of hunger, it was difficult to
distinguish between self-reported cravings for specific
foods and generalized hunger cravings. Accordingly,
we decided a priori to focus on appetite ratings at T90.
To prevent practice effects from altering cognitive per-
formance, no pre-drink measurements were made dur-
ing the 3 test months. Instead, the cognitive score
obtained during the placebo run-in month was used
as the baseline score. This baseline score was then
compared with the mean score from 2 months of
follicular-phase testing to determine whether cognitive
performance worsened during the luteal phase of the
menstrual cycle. A paired t test was used for this
comparison. Subsequently, T90 luteal-phase scores
from the 4 test months (including the placebo test
month) were analyzed using a single-factor repeated
measures ANOVA with planned comparisons (proba-
ble least squares difference).

Over 500 women claiming to have PMS inquired
about participating in the study in response to the
advertisement. Ninety-nine subjects qualified for the
testing phase of the study, but the final study sample
consisted of 24 subjects. Of the 75 subjects who dropped
out, 30% were asked to terminate their participation
because of very mild mood and appetite disturbances,
onset of menstrual irregularities, or pregnancy. Another
50% were asked to withdraw because of breach of
protocol, either failed compliance with the rigorous
testing schedule or the inability to track and report their
daily premenstrual symptomatology. The remaining
20% of the 75 dropouts elected to switch to a concurrent
drug study for PMS. The final study sample of 24
women had a mean age of 37 years (standard deviation
[SDI 1.2); the mean height was 64 inches (SD 0.5) and
the mean weight was 134 1b (SD 4.7). All 24 subjects
completing the study demonstrated at least a 30%
increase in premenstrual symptom scores above follic-
ular values on their daily ratings of symptomatology.
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Mean Change in TDAC Score

Figure 1. Changes in total mood
score (summed tension, anger, de-
pression, and confusion) (TDAC) at
T180. To adjust for large inter-
subject variability between cycles in
pre-drink mood, statistical adjust-
ments were made using the T0 score
as the covariate. *P < .04 treatment
effect of drink A; **P < .02 com-
pared with drink B; ***P < .04 com-
pared with drink C.

Moreover, when their mean follicular scores on the
mood and appetite scales were compared with their
baseline scores on each test day (T0), there was a
significant increase in depression, anger, tension, and
confusion on the POMS scale and in self-assessed
appetite (P < .01).

Results

No order effects were found on any of the outcome
measures. Moreover, the effects of placebo drink B were
no different between the first month during which all
subjects consumed it and later months. Drink A, the
experimental beverage containing the mixture of dex-
trose and maltodextrin designed to elevate the serum
tryptophan to large neutral amino acid ratio, proved
most effective in improving mood scores at T180. At
that time, there was a significant treatment effect of
drink A on the summed scores of four factors on the
POMS, depression, tension, anger and confusion, (F =
3.74, P < .04) (Figure 1). Comparisons with the other
drinks showed that the improvement in self-reported
mood after consumption of drink A was significantly
greater than that reported after consumption of drinks
B (P < .02) and C (P < .04). The two factors on the
POMS that showed the most robust improvements
were anger and depression. Drink A was significantly
more effective than B (P < .05) and C (P < .01) in
reducing anger (Figure 2) and more effective than drink
B (P < .05) in reducing depression scores (Figure 3). No
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effects and no differences between the three drinks were
noted in the T30 or T90 mood scores. Drink A also
showed a significant treatment effect on suppressing
cravings for sweet and starchy carbohydrates 90 min-
utes after consumption (F = 4.34, P < .03) and was
significantly more effective than drinks B (P < .04) and
C (P <.01) in that regard (Figure 4). Total appetite and
desire for protein-rich foods, fat-rich foods, and fruits
and vegetables were unaffected by any of the treat-
ments. No effect of any drink on appetite or food
cravings was seen at T30 or T180.

During the premenstrual testing phase, no measure-
ments of cognitive performance could be made imme-
diately before the consumption of the test beverages
because of the need to minimize practice effects. To
establish that the subjects’ cognitive performances had
indeed deteriorated premenstrually, their performance
on the cognitive tests obtained during the placebo
run-in month were compared with their performance
during the two follicular test sessions. No difference in
performance on the COWAT or PASAT were found
during the placebo run-in month compared with scores
obtained during the follicular phase. However recogni-
tion memory assessed with the ACT-R declined signif-
icantly (P < .02). None of the drinks affected perfor-
mance on the verbal retrieval test, COWAT, or the serial
addition test, PASAT. However, drink A significantly
improved scores on the recognition memory measure,
ACT-R, compared with scores obtained during the
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Figure 2. Change in anger scores at
T180. To adjust for large inter-
subject variability between cycles in
pre-drink anger, statistical adjust-
ments were made using the TO score
as the covariate. *P < .02 treatment
effect of drink A; **P < .05 com-
pared with drink B; **P < .01 com-
pared with drink C.

Mean Change in Anger Score

8 -

placebo run-in (P < .04), whereas drinks B and C did
not show any improvement (Figure 5).

Discussion

Our data show that consumption of a carbohydrate
beverage designed to increase the serum tryptophan to
large neutral amino acid ratio relieves premenstrual
mood and appetite disturbances and improves certain

25

Figure 3. Changes in depression
scores at T180. To adjust for large
inter-subject variability between cv-
cles in pre-drink depression, statis-
tical adjustments were made using
the TO score as the covariate. *P <
.05 compared with drink B.

Mean Change in Depression Score

Drink

aspects of memory. These findings confirm those ob-
tained in an earlier unblinded study and show that the
improvement caused by ingesting an appropriate car-
bohydrate beverage is not due to a placebo response or
to the ingestion of calories or carbohydrates per se.
Moreover, improvement in premenstrual symptomatol-
ogy occurred even though subjects remained exposed
to the daily stresses of their work or home environ-
ments. The treatment effects of drink A and the differ-
ences seen between drink A and the control drinks were
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Drink
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Figure 4. Changes in carbohydrate
craving at T90. To adjust for large
inter-subject variability between cy-
cles in pre-drink carbohydrate-crav-
ing scores, statistical adjustments
were made using the T0 score as the
covariate. *P < .03 treatment effect of
drink A; **P < .04 compared with
drink B; **P < .01 compared with
drink C.
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significant 180 minutes after intake, and this is consis-
tent with the time course of sustained serum elevation
of the tryptophan to large neutral amino acid ratio.
Unlike the effects on mood, which peaked at T180, drink
A seemed to exert its most significant effects on carbo-
hydrate craving at T90; this is also consistent with the
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time course of the rise in the serum tryptophan to large
neutral amino acid ratio. As mentioned earlier, the T180
appetite measurements frequently overlapped with
dinnertime for many subjects. We speculate that the
T180 appetite and craving scores for drink A did not
show a significant improvement because they were

Figure 5. Changes in recognition
memory score (Auditory Consonant
Trigrams Recognition [ACT-R]) at
T90. Measurements after consump-
tion of the three test drinks were
compared with those obtained dur-
ing the placebo run-in month. Drink
A improved recognition memory
scores compared with placebo (P1).
*P < .04
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confounded by the fact that subjects were simply hun-
gry and had not eaten for 6 hours (except for the test
drink). Finally, no changes in any outcome measures
were detected at T30, which precedes the expected rise
in the serum tryptophan to large neutral amino acid
ratio. The absence of effects at T30 suggests that con-
sumption of the test drinks per se was not responsible
for the subsequent alterations in mood, appetite, and
cognitive performance.

In this study, none of the interventions restored
premenstrual cognitive performance to follicular levels.
However, drink A did significantly improve recogni-
tion memory compared with that observed during the
placebo run-in period. The time course of this improve-
ment at 90 minutes after intake is consistent with the
time course of the expected biochemical changes in
serum. However, we could not determine whether the
observed improvement in memory after beverage con-
sumption was specific and not a consequence of the
overall improvement in mood because tests that might
have aided in making this distinction could not be
administered over the phone. It is interesting to note a
recent study that suggested that late luteal-phase dec-
rements in cognitive performance are independent of
mood.” The study found that women with PMS per-
formed less well on tests of learning during both phases
of their cycle compared with women without PMS. This
is in contrast to frontal lobe functions, in which a
significant association was found between impairment
of function and severity of premenstrual symptoms.™
Moreover, our findings are consistent with a recent
report in which dietary manipulations that caused
tryptophan depletion produced selective impairments
in learning and memorv in normal volunteers.'” It
would be complementary to determine whether our
dietary intervention, designed to enhance tryptophan
availability, would improve cognitive functions among
normal volunteers.

The ability of carbohydrate intake to improve mood
among women with PMS has been observed in other
populations who describe increased carbohydrate in-
take associated with depressed, anxious, or irritable
mood states. Obese carbohydrate cravers who periodi-
cally increase their intake of carbohydrate-rich snacks™
and individuals suffering from seasonal affective disor-
der who eat excessive amounts of carbohydrate-rich
foods during the late fall and winter are thought to seek
carbohydrate-rich foods as a form of self-medication. ™
Consumption of carbohydrate-rich test foods has been
shown to improve depressed and anxious mood in such
populations,”" as has the administration of dexfenflu-
ramine, a drug that selectively enhances serotoninergic-
mediated neurotransmission by both releasing the

amine and blocking its re-uptake. However, con-
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sumption of particular carbohydrate-rich foods may not
always improve the mood of such individuals if the
composition of the food or quantity consumed pre-
cludes a sufficient elevation in the serum tryptophan to
large neutral amino acid ratio to affect brain tryptophan
uptake. This may explain why drink C, whose carbo-
hydrate composition failed to elevate the tryptophan to
large neutral amino acid ratio, was ineffective in im-
proving premenstrual symptomatology.

The efficacy of drink A in relieving psychological and
appetitive symptoms of PMS provides additional evi-
dence that serotonin-mediated brain neurotransmission
is involved in the late luteal-phase changes in mood and
eating behavior. Our results are also consistent with a
recent study that showed that dietary manipulations
reducing the tryptophan to large neutral amino acid
ratio exacerbate premenstrual symptoms.> Treatment
of PMS with pharmacologic agents that increase intra-
synaptic serotonin levels has been shown previously to
reduce premenstrual behavioral disturbances™'*** and
to normalize carbohydrate intake.'” Admittedly, the
improvement in premenstrual mood and carbohydrate
cravings observed in this study is considerably smaller
than that observed after drug treatment, but so are the
risks and side effects, which were nonexistent.

Although the results of PMS studies are often con-
founded by the number of placebo responders,® this
was not the case in our study. There was no effect of
treatment order on subjects’ responses, and perhaps our
use of computerized testing diminished placebo re-
sponses. Subjects were tested in their own surround-
ings, thereby removing possible effects of a neutral
testing site on mood. Furthermore, subjects had no
significant interactions with staff members during any
but the cognitive tests, so unconscious tester bias was
removed and subjects could not anticipate empathetic
responses during testing. Indeed, use of the naturalistic
environment may have reduced the robustness of im-
provement because there was no way of controlling for
the stresses of the workplace, home, commuting, and
fortuitous annoyances during the 3-hour test period.
We conclude that the ingestion of appropriately de-
signed carbohydrate-rich preparations during the late
luteal phase of the menstrual cycle may relieve some of
the premenstrual disturbances of mood and appetite
and possibly cognition, thus providing a benign inter-
vention for women with moderate to severe PMS. It is
hoped that larger studies will confirm the usefulness of
this intervention.
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