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Food intake varies across the menstrual cycle in mammals, energy intake usually being greater in the premenstrual phase compared with the post-
menstrual phase. Premenstrual increments in energy intake and a preferential selection of carbohydrate have been suggested to be greater in
women with premenstrual syndrome (PMS), who may be more sensitive to cyclical hormonal or neurotransmitter fluctuations. This has direct
implications for research within populations of women, especially where the primary outcome is diet or a change in energy balance. We aimed
to determine whether: the premenstrual intake of energy and macronutrients differed from the postmenstrual intake; the change in intake across the
menstrual cycle differed in women with PMS compared with controls; and the change in intake was related to the severity of premenstrual symp-
toms. We collected 3 d dietary intake data during the postmenstrual and premenstrual phases of the menstrual cycle in thirty-one women with PMS
and twenty-seven control women. The consumption of energy and macronutrient intake were similar between the phases of the cycle in women
with PMS. Conversely, intakes were usually greater premenstrually in control women, although not all differences were statistically significant.
Exceptions were with non-milk extrinsic sugars and alcohol, which were both consumed in greater amounts in the premenstrual phase in women
with PMS. Significant correlations were observed between the severity of symptoms and the change in the consumption of these nutrients. These
data suggest that a consideration of the menstrual cycle phase and PMS in diet may not be warranted, especially in cross-sectional analysis,

although it may need to be taken into account when examining change in intake during dietary interventions.

Food intake: Premenstrual syndrome: Menstrual cycle: Diet

Cyclical variations in energy and macronutrient intake have
been observed in previous studies (Dye & Blundell, 1997).
Total energy intake has been shown to vary during the men-
strual cycle, the highest intakes usually being observed pre-
menstrually (luteal phase). This phenomenon has been
demonstrated both in primates (Gilbert & Gillman, 1956;
Rosenblatt et al. 1980) and in human studies (Buffenstein
et al. 1995; Dye & Blundell, 1997; Li et al. 1999; Reimer
et al. 2005) but is not seen in women using hormonal prep-
arations (Krakow, 1992), those with anovulatory cycles
(Barr et al. 1995) and highly restrained eaters (Schweiger
et al. 1992). This has direct implications for food intake and
appetite research, and implies that cycle phase should be
considered in studies that assess female participants.

The variation in dietary intake across the menstrual cycle
may be accentuated in women who experience physiological
and psychological symptoms that indicate they are in the pre-
menstrual phase. If this were true, women with premenstrual
syndrome (PMS) would be expected to have a greater increase
in energy intake between the follicular and luteal phases
compared with women without symptoms.

PMS comprises a cluster of behavioural, somatic and affec-
tive symptoms of varying severity that occur in the 7-10d
prior to the onset of menstruation and that are relieved at or
shortly after commencement of the menstrual flow. Although
more than 200 symptoms have been associated with PMS,
the symptoms that classically characterise the syndrome
include depression, irritability, mood swings, breast tender-
ness, bloating, changes in appetite and food cravings (Free-
man, 2003). These latter symptoms in particular have
promoted the belief that premenstrual energy intake is greater
in women with PMS. However, no cyclical variation in food
intake or macronutrient selection is consistently demonstrated
in women with PMS. Evidence from a limited amount of
research has found similar premenstrual energy increases in
control women without PMS (Gallant et al. 1987; Wurtman
et al. 1989; Cross et al. 2001). An improved understanding
of the cyclical variation in dietary intake (and the possible
differential effects in women with and without PMS) is
important for researchers examining data from populations
of women, especially those in whom diet or a change in
energy balance is a primary outcome.

Abbreviations: NMES, non-milk extrinsic sugars; PMS, premenstrual syndrome.
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The primary aim of the present study was to prospectively
examine energy and macronutrient intake premenstrually and
postmenstrually in women with PMS and asymptomatic con-
trols. Our hypotheses were: that premenstrual energy intake
would be greater than postmenstrual intake, and that this
difference would be exaggerated in women with PMS com-
pared with controls; and that the increased intake of energy
would be reflected in a greater consumption of fat and carbo-
hydrate. A secondary aim was to determine whether the sever-
ity of premenstrual symptoms was associated with a change in
energy and macronutrient intake. We hypothesised that greater
symptom severity would result in a larger positive change in
energy, fat and carbohydrate intake.

Methods
Participants

This study utilised data from women who had participated in
three studies examining diet and menstrual health within the
Human Appetite Research Unit at the University of Leeds,
UK (Bryant et al. 2005). A total of seventy-three women
responded to advertisements to take part in menstrual health
research and met the eligibility requirements. The eligibility
criteria were: age 18-—47 years; regular menstrual periods;
not using hormonal preparations (including oral contracep-
tion); an absence of clinical depression; not taking prescribed
or over-the-counter medicine; not being on a weight-loss diet;
not taking nutritional supplements. The recruitment and data
collection procedures were identical in each study, and each
was similar in terms of seasonality. After excluding women
with missing data on dietary intake (n 4), menstrual symptoms
(n 2), age (n 2) and BMI (n 6), as well as one participant with
outlying dietary intake data, the final analysis data included
fifty-eight women who had fully completed at least one men-
strual cycle of symptom and dietary intake data collection.

Women were asked to self-report during recruitment
whether or not they considered themselves to have PMS.
This was originally used to form PMS and control groups;
however, since measures were identical in each group, a
prospective analysis of symptoms for one complete cycle
during the study was used to confirm the presence or absence
of PMS at the end of data collection.

Measures

Demographic and health information was collected on all
women who came to the Human Appetite Research Unit.
During this visit, women completed baseline questionnaires
of self-reported cigarette smoking status (current, former,
never), the number of units of alcohol consumed per week,
the number of days per week on which exercise was taken, and
the cycle length of the two previous menstrual cycles.
Women were also given diaries to record symptoms and dietary
intake prospectively during their next menstrual cycle.
Dietary restraint, emotional eating and external eating behaviour
were measured in two studies (thirty-seven women) using
the Dutch Eating Behaviour Questionnaire (VanStrien et al.
1986).

Body weight was measured to the nearest 0-1kg using a
calibrated digital scale (Adam Equipment Company Ltd,

Milton Keynes, UK). Height was measured to the nearest
0-1cm without shoes using a metal rule attached to a wall
and a standard triangular headboard using a vertical ruler.
These measurements were made by trained personnel during
the visit. BMI was calculated as weight in kilograms divided
by height in metres squared.

Symptoms were measured daily using the Daily Symptoms
Report (Freeman et al. 1996) for one complete menstrual
cycle. This was the primary tool for the diagnosis and assess-
ment of PMS. It is a well-validated, single-page, self-report
questionnaire comprising seventeen symptoms rated on a
5-point Likert scale (0= not present at all; 4 = severe),
which form the symptom clusters of mood, behaviour, pain
and physical symptoms. Women were asked to rate the pre-
sence and severity of these commonly reported premenstrual
symptoms every evening in the Daily Symptoms Report.
They were asked to begin recording their symptoms in the
Report every evening on a daily basis from the first day of
menses following recruitment, until the start of the next men-
strual cycle. Diaries were returned weekly using freepost envel-
opes to prevent the identification of patterns of symptoms and
reduce the likelihood of demand characteristics producing
stereotypical patterns of reporting. Based on criteria set by the
NIMH workshop (National Institute of Mental Health, 1983),
women were categorised as having PMS if their total pre-
menstrual symptom severity score was greater than 6 and at
least 30 % greater than the score in the postmenstrual phase.
The remaining participants were categorised as controls. Writ-
ten informed consent was obtained from each participant, and
the study was approved by the Institute of Psychological
Sciences, University of Leeds Research Ethics Committee.

Diet was assessed using two 3 d food diaries based on esti-
mates of household measures (i.e. not based on weighed
intakes). Participants were told to contact the researcher on
day 1 (i.e. first day of menses) so that their cycle phase
could be monitored and the timing of food intake recording
could be accurately determined. All participants were
instructed to record their consumption of food and drink for
days 4, 5 and 6 (phase 2, postmenstrual) of the menstrual
cycle and days —6, —5 and —4 (phase 4, premenstrual)
based on their usual cycle length and the timing of the pre-
vious two cycles (retrospectively reported). Participants were
given both verbal and written instructions on how to complete
the food diaries. They were asked to contact the researcher
again on the first day of menses of the next menstrual cycle
when accurate phase identification was confirmed.

Dietary records were reported dependent on the day of men-
strual cycle and were therefore non-systematically distributed
across days of the week. Nutrient analysis was performed
using Diet5 for Windows (Univation Ltd, Aberdeen, Scotland)
analysis program. The dietary outcomes examined were total
energy, total macronutrients (carbohydrate, fat, protein, non-
milk extrinsic sugars (NMES), non-starch polysaccharides)
and percentage energy from carbohydrate, fat and protein at
phase 2 and phase 4.

The Mifflin—St Jeor equation (Mifflin e al. 1990; Frankenfield
et al. 2005) was used to estimate BMR:

BMR = 10 X weight (kg) + 6-25 X height (cm) — 5

X age (years) — 161.
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We chose a conservative activity factor of 1-375 for light activity
based on the reported number of days on which participants exer-
cised; therefore, the estimated total daily caloric need for the par-
ticipants was calculated as BMR X 1-375. This assumes that
the participants had a stable weight. In order to estimate the
degree of accuracy of dietary reporting (Mifflin et al. 1990;
Frankenfield et al. 2005), the ratio of energy intake to BMR
was calculated.

Statistical analysis

Variables that were chosen a priori for inclusion in regression
models included age and BMI. Additional variables that were
examined to determine whether they influenced the associ-
ation between group (PMS or control) and change in dietary
intake (phases 2 v. 4) were cigarette smoking status, consump-
tion of alcoholic beverages, exercise and dietary restraint.
None of these variables influenced the association (although
dietary restraint was available for only thirty-seven out of
the possible fifty-eight subjects); therefore, the final full
models included age and BMI. Data were analysed using
SAS software version 9.1 (SAS Institute Inc, Cary, NC, USA).

In order to determine whether the premenstrual intake of
energy and macronutrients differed from the postmenstrual
intake, we created a ‘stacked’ dataset, such that every study par-
ticipant provided two observations (postmenstrual, premenstr-
ual). Repeated-measures regression (PROC GENMOD) was
used with the LSMEANS option to estimate and compare the
age- and BMI-adjusted mean nutrient intake during the post-
menstrual and premenstrual phases of the menstrual cycle.
Separate models were run for women with PMS and controls.

In order to compare whether changes in energy and macro-
nutrient intake differed between women with PMS and con-
trols we used linear regression models (PROC GENMOD)
with the LSMEANS option. Change in dietary intake
(change score) was calculated as the difference between the
postmenstrual (phase 2) and premenstrual (phase 4) phases
of the menstrual cycle, such that negative change scores
represented a lower dietary intake during the premenstrual
phase. All models were adjusted for age and BMI.

Pearson’s partial correlation coefficients were calculated to
examine whether the severity of premenstrual symptoms was
correlated with the change in nutrient intake between the post-
menstrual and premenstrual phases of the menstrual cycle
separately in women with PMS and controls.

Results

We found no significant differences between women with and
without PMS for any of the demographic characteristics exam-
ined (Table 1). Women with PMS and controls were on aver-
age 34 years of age and of normal weight, consumed 5-6
units of alcohol per week, exercised about three times per
week, and most likely never smoked cigarettes. Ratios of
energy intake to BMR were between 0-9 and 1-0. Assuming
that body weight was stable and that activity levels were
light, this is indicative of a reasonably plausible reported diet-
ary intake. Mean cycle lengths were 28 and 30d for women
with PMS and controls, respectively. The average day on
which the women began recording their premenstrual food
diary was —7 and —5-9 (before menstruation) for women

Table 1. Demographics characteristics in women with premenstrual
syndrome (PMS) and controls

PMS (n 31) Controls (n 27)
Mean SD Mean SD
Age (years) 34.5 54 34-0 77
BMI (kg/m?) 238 4.2 231 31
Alcohol (units/week) 5.2 4.8 6-1 5.4
Smoking (%)
Current 6-5 111
Former 29-0 259
Never 64.5 63-0
Exercise (days/week) 36 21 28 19
El:BMR
Phase 2 0-9 0-2 1.0 0-3
Phase 4 1.0 0-2 09 0-2
Cycle length (d) 28.0 34 299 11-4
First day of premenstrual dietary -7-0 33 -5.9 3.7

intake (day)
Recorded number of weekend days of dietary intake (%)
Phase 2

0 weekend days 536 391
1 weekend day 179 26-1
2 weekend days 286 34-8
Phase 4
0 weekend days 58-1 42.3
1 weekend day 226 30-8
2 weekend days 194 26-9
Total symptom severity score
Phase 2 4-0 3-8 5.0 5.2
Phase 4 141 87 5.5 4.6*
Eating behaviour
Dietary restraint 2.7 0-8 28 1-0
Emotional eating 2.7 0-7 28 0.7
External eating 30 0-6 31 0.7

PMS was defined as total symptom score greater than 6 and an at least 30 %
increase in symptoms premenstrually compared with postmenstrually.

EI:BMR, ratio of energy intake to BMR; calculated using Miffin—St Jeor equations
based on light activity.

*Premenstrual symptoms were significantly greater in the PMS group compared
with the control group: P<0-05.

with PMS and controls, respectively. We found no difference
between the groups in the number of weekend days on
which dietary intake was recorded for either phase. In general,
both groups scored within the moderate range for dietary
restraint, emotional eating and external eating (mean scores
2:4-3:1).

Comparisons between postmenstrual and premenstrual
nutrient intake by group are shown in Table 2. Women with
PMS consumed slightly fewer kilojoules during the premenstr-
ual phase (8286 kJ, 95 % CI 7667, 8906) compared with the
postmenstrual phase (8381kJ, 95 % CI 7861, 8902). In con-
trast, control women consumed more energy during the pre-
menstrual phase than the postmenstrual phase (8577 kJ, 95 %
CI 7881, 9272; 8169kJ, 95 % CI 7427, 8907, respectively).
Differences were not significant between cycle phases for
women with PMS or controls. Similar patterns were found
for total fat, carbohydrate, protein, non-starch polysaccharides
and percentage energy from protein; that is, compared with
the postmenstrual phase, premenstrual intakes were similar
for the PMS group but higher for the control women.
Conversely, women with PMS consumed more NMES and
alcohol, and a percentage of energy from fat, during the pre-
menstrual phase compared with the postmenstrual phase.
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Table 2. Age- and BMI-adjusted mean energy and macronutrient intake in women during the post-
menstrual (phase 2) and premenstrual (phase 4) phases of the menstrual cycle in women with pre-
menstrual syndrome (PMS) compared with controls

Postmenstrual phase Premenstrual phase

(phase 2) (phase 4)
Daily intake Group Mean 95% Cl Mean 95% ClI
Energy (kJ) PMS 8381 7861, 8902 8286 7667, 8906
Control 8169 7427, 8907 8577 7881, 9272
Fat (g) PMS 84 76, 91 84 76, 92
Control 75 66, 85 82 74, 90
Carbohydrates (g) PMS 232 215, 249 229 207, 251
Control 240 215, 264 249 223, 275
Protein (g) PMS 77 69, 84 73 67,78
Control 70 63, 78 74 67, 81
Non-milk extrinsic sugar (g) PMS 63 54,72 65 56, 75
Control 69 58, 79 73 62, 83
Non-starch polysaccharides (g) PMS 13 11,15 13 11,15
Control 14 12,15 15 12,17
Alcohol (g) PMS 9 5,12 10 6, 15
Control 12 7,17 11 6, 16
% Fat PMS 37 35, 39 38 36, 40
Control 34 32, 37 36 34, 38
% Carbohydrates PMS 47 44, 49 46 44, 49
Control 50 46, 53 48 46, 51
% Protein PMS 15 14,17 15 14, 16
Control 14 14,15 15 14,16

PMS was defined as total symptom score greater than 6 and an at least 30 % increase in symptoms premenstrually com-
pared with postmenstrually.
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Again, differences between cycle phases for these nutrients
were not significant.

We also examined (data not shown) whether nutrient intake
differed between the PMS and control groups during the post-
menstrual phase and the premenstrual phase and found no
significant differences between the groups. During the post-
menstrual phase (phase 2), women with PMS tended to have
higher mean values for total energy, total fat, total protein,
percentage energy from fat and percentage energy from pro-
tein compared with women in the control group. The inverse
relationship was generally found during the premenstrual
phase (phase 4).

Change scores for the difference between dietary intakes in
phase 4 compared with phase 2 are shown in Table 3. For all

nutrients, except alcohol and percentage energy from protein,
change values were positive in control women (i.e. consump-
tion was higher premenstrually than postmenstrually). Conver-
sely, the majority of change values for women with PMS were
negative except for fat, NMES, alcohol and percentage energy
from fat. Change in consumption did not differ between
women with PMS and control women for any nutrient.
Correlations between change in nutrient intake and symp-
tom severity are shown in Table 4. It is important to remember
that change scores can be positive or negative. Thus, this test
tells us whether symptom severity is related to the degree of
dietary change, independent of the direction of change (i.e.
whether it is reduced or increased). For example, positive
associations between change and symptoms could be found

Table 3. Age- and BMI-adjusted mean change in energy and macronutrient intake between the post-
menstrual (phase 2) and premenstrual (phase 4) phases of menstrual cycle in women with premenstrual
syndrome (PMS) compared with controls

PMS Controls

Mean A 95% Cl Mean A 95% ClI
Energy (kJ) -107 — 683, 468 424 —193, 1041
Fat (g) 04 -88,97 71 -2.8,17-0
Carbohydrates (g) -34 —-22-1,153 10-1 -9.9, 30-2
Protein (g) -38 -11.0, 35 4.1 -3.7,11.8
Non-milk extrinsic sugar (g) 2.3 -7-3,11.8 3.7 —6-6, 14.0
Non-starch polysaccharides (g) -0-0 -1.4,14 11 -04,26
Alcohol (g) 1.7 -2.3,58 -14 5.4, 3.1
% Fat 0-8 -2.0, 36 1-8 -1.2,4.8
% Carbohydrates -05 -37,27 -1 —4.5,2.3
% Protein -03 —-1.5,0-8 0-1 -1.1,14

PMS was defined as total symptom score greater than 6 and an at least 30 % increase in symptoms premenstrually
compared with postmenstrually.
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Table 4. Pearson partial correlation between premenstrual symptom severity and change in nutrient intake between the postmenstrual (phase 2) and
premenstrual (phase 4) phases of the menstrual cycle

Behaviour Physical
Mood symptoms symptoms Pain symptoms symptoms Total symptoms
Change in nutrient intake PMS Controls PMS Control PMS Controls PMS Controls PMS Controls
Energy (kJ) —0-02 0-01 -0:13 -0-20 -0-32 —0-05 -0-29 018 -0-18 —0-06
Fat (g) -0-19 -0-10 -0-23 —0-28 -0-23 —0-08 -0-35 0-14 -0-28 -0-15
Carbohydrates (g) 0-02 013 —0-16 0-12 —0-47 0-03 -0-22 0-16 -0-19 0-14
Protein (g) 0-05 0-00 0-08 —0-32 —0-09 -0.07 —0-03 0-09 0-03 —0-12
Non-milk extrinsic sugar (g) —0-09 0-32 -0-21 0-31 —0-43* 0-17 -0-21 0-40* -0-24 0-37
Non-starch polysaccharides (g) -0-22 0-08 -0-27 -0-07 -0-33 0-04 —0-38" -0-37 —-0-32 —0-04
Alcohol (g) 0-15 0-31 0-18 0-13 0-45* 0-03 0-17 0-19 0-25 0-23
% Fat -0-20 -0-24 -0-14 -0-32 —0-00 -0-20 —0-23 0-02 -0-17 -0-27
% Carbohydrates 0-01 017 -0-16 0-42¢ —0-36 019 —0-04 0-01 -0-14 0-28
% Protein 0-11 0-05 0-24 -0-17 0-19 —0-01 0-21 0-01 0.22 —0-04

PMS, premenstrual syndrome.
Significant correlation: *P<0-05.

with a greater negative or positive change in dietary intake. In
women with PMS, change in nutrient intake was associated
with pain symptoms for NMES (r = —0-43, P<0-05) and
alcohol (r=0-45, P<0-05). This means that a greater
change in intake of NMES was associated with lesser symp-
toms in that group (although still meeting the criteria for
PMS); and that an increased change in alcohol consumption
during the premenstrual phase compared with the postmenstr-
ual phase was associated with higher symptom severity. As we
know that the women with PMS consumed more NMES and
alcohol premenstrually, we deduce that this change was
positive. The only other significant correlation in women
with PMS occurred with physical symptoms and change in
consumption of non-starch polysaccharides (r= —0-38,
P<0:05). The change score for this nutrient was negative
but negligible.

In control women, significant correlations were only found
between premenstrual physical symptoms and change in the
consumption of NMES (r = 0-40, P<<0-05). This means that
a greater change in intake of NMES during the premenstrual
phased compared with the postmenstrual phase was associated
with greater premenstrual symptom severity. As we know that
our control women had a positive change for NMES (Table 4),
we know that this change was positive.

Discussion

Women with PMS are reported to be more sensitive to hormo-
nal or neurotransmitter fluctuations (Bancroft et al. 1991;
Wurtman & Wurtman, 1995). As a dysphoric mood is often
associated with weight gain (Istvan er al. 1992; Carpenter
et al. 2000; Heo et al. 2006), and a major symptom of PMS
is increased appetite, we hypothesised that women with
PMS would show a greater increase in energy and macronutri-
ents in the premenstrual phase compared with control women.
This hypothesis was not, however, supported by our data.
In fact, for the majority of nutrients, women with PMS con-
sumed a similar, if not lower, amount in the premenstrual
phase compared with the postmenstrual phase of the menstrual
cycle. Furthermore, correlations and change scores tended to
be negative in women with PMS (i.e. reduced premenstrual

compared with postmenstrual intake) and positive in control
women.

The consumption of nutrients did not differ significantly
between groups or cycle phases, although dietary intake
appeared to be more stable across the postmenstrual and pre-
menstrual phases in women with PMS, with lower change
values for the majority of nutrients in women with PMS com-
pared with controls. Thus, only women in our control group
reported a pattern of energy and macronutrients intake
across the menstrual cycle that was consistent with the litera-
ture (i.e. increased consumption in the premenstrual phase)
(Dalvit-McPhillips, 1983; Brzezinski et al. 1990; Cross et al.
2001; Reimer et al. 2005).

While the difference in dietary intake between phases was
not statistically significant, it may be considered to be clini-
cally meaningful. Control women consumed approximately
419kJ/d (100 kcal/d) more in the premenstrual phase. A sus-
tained intake of this extra amount of energy would result in a
gain of approximately 5kg in body weight over 12 months
(assuming that all other variables were constant). However,
the average energy intake for both phases was 8372kJ
(approximately 2000kcal), close to the estimated average
requirement for women of this age. Thus, the reduction in
calories that was observed during the postmenstrual phase
appeared to compensate for the rise in intake premenstrually
(whether or not this was conscious).

Previous research that has examined the variation in energy
across the menstrual cycle has not usually differentiated
between women with and without PMS. That which has
reports inconsistent results. We know of two studies (Wurt-
man et al. 1989; Cross et al. 2001) that have reported
higher premenstrual energy intake. Wurtman et al. (1989)
reported a greater consumption of energy in the premenstrual
phase in both women with and without PMS, although differ-
ences between the cycle phases were only significant in
women with PMS. This study was, however, small, with
only nine women in the PMS group.

Cross et al. (2001), on the other hand, recruited eighty-eight
women with PMS and forty controls, comparable with the cur-
rent study. This study was well designed and found an
increase in premenstrual intake of energy and all macronutri-
ents with PMS. Control women also reported a rise in energy
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and fat intake, but all other macronutrients and NMES were
similar between the phases. One major difference between
this study and our study was that Cross and co-workers
recruited only women who were overweight. The authors
applied Goldberg’s cut-off limits to exclude women with
energy intakes that were incompatible with energy require-
ments. However, this equation assumes that people are not
currently losing or gaining weight (Margetts & Nelson,
1991). Given that overweight women are most likely to under-
report their energy intake (Plankey et al. 1997), it is possible
that women in the Cross et al. (2001) study did not accurately
report their dietary intake.

Gallant et al. (1987) observed trends that were similar to
those observed in our study, whereby a premenstrual rise in
energy intake was demonstrated only in control women, and
intakes were not significantly different from those of women
with PMS. Energy and macronutrient intake were examined
in just nine women with PMS and nine controls, so power
may not have been adequate. On the basis of the currently
available evidence, there are few data to suggest that a
change in dietary intake across the menstrual cycle is exagger-
ated in women with PMS.

Dietary intake that is affected by menstrual cycle phase
could influence within-person variation. However, provided
that dietary data are collected independent of the menstrual
cycle, the error caused by within-person and between-person
variation should be random. It would be more useful to
assess menstrual cycle phase as a potential confounder in
studies that are assessing change in dietary intake, particularly
for dietary intervention research. In this scenario, the phase of
the menstrual cycle may affect the precision and accuracy of
the data. For example, a controlled intervention that has
been designed to alter diet will usually look for, and consider
meaningful, differences in intake that are of the order of those
seen across the phases of the menstrual cycle in the present
study (i.e. 420-840kJ/d (100-200kcal/d)), which over a
period of sufficient duration would lead to weight change.
Thus, the results might depend on whether the study groups
are similar in terms of the menstrual cycle phase in which
dietary data are collected.

We determined cycle phase by self-report rather than by
measuring circulating hormones. There is some evidence
that women with anovulatory cycles do not show fluctuations
in energy intake (Dye & Blundell, 1997). As we did not assess
ovulation by temperature or hormones, we cannot be certain
that all cycles were ovulatory. Food intake was reported by
participants from days 4 to 6 of the menstrual cycle, which
was easily identified and most reliably associated with low
levels of circulating hormones (Vander et al. 1998). Pre-
menstrual intakes were, however, reported based on an esti-
mated date of next menstruation and were confirmed
prospectively. It is possible that the premenstrual food diaries
could have been collected outside the premenstrual phase. We
therefore re-examined our findings using only the data from
forty-four women (nineteen controls and twenty-five women
with PMS) who had a verified premenstrual phase food
intake data; the results did not differ for any of the analyses.

All research that assesses nutrient intake suffers from error
associated with the latter’s measurement. Difficulties involved
in accurate, unbiased assessment of the diet are well known to
nutrition researchers, and there is little doubt that measurement

is subjected to bias that prevents the disclosure of valid habit-
ual estimates of food intake (Beaton, 1994; Willett, 1998).
Any bias in reporting should, however, be similar between
the PMS and control groups. Reports of food intake could
have been affected by participant motivation and reliability.
Intakes were dependent upon self-reported data, which are
open to potential underreporting (Smith ez al. 1989; Klesges
et al. 1995; Livingstone, 1995; Willett, 1998).

Participants are usually more highly motivated at the begin-
ning of data collection, and later intakes may therefore not be
a true reflection of habitual intake, whereas earlier reports of
intake may be affected by social desirability (Nelson et al.
1989). It is therefore possible that the two food diaries
were completed differently because of order effects; the first
diaries were completed shortly after menses so one would
anticipate greater attrition (and lower intake) premenstrually,
which was not found.

We asked our participants to complete 3d food diaries
instead of 7d diaries because of the total period of time that
other data, for example symptom diaries, were being collected
(an average menstrual cycle being 28d). Evidence of the
number of days that are required to estimate nutrient intake
with good accuracy is variable, although 2—-6d have been
suggested (Palaniappan et al. 2003). Primarily, our decision
to use 3d diaries was based on the practicality of assessing
diet twice within one menstrual cycle. The completion of 3d
diaries allowed a greater number of days between reporting,
which we hypothesised would reduce the fatigue effects of
detailed dietary intake recording and thereby minimise the
risk of underestimation of energy intake; we acknowledge,
however, that there is currently a lack of consensus regarding
how different methods affect the accuracy and completeness
of dietary intake reporting. More decisively, the completion
of 7d food diaries would have encompassed more than one
cycle phase (e.g. postmenstrual phase 2 lasted 5d). We main-
tained close contact with all participants, and the importance
of accuracy was strongly expressed to each participant,
although there is no evidence that this improves the accuracy
of reporting.

As a change in energy intake between the two cycle phases
was usually positive in controls and negative in women with
PMS, there does not seem to have been a systematic increase
in reporting fatigue, which could influence dietary intake
unless these groups responded differently. A counterbalanced
design, whereby participants would have been randomised to
record either the premenstrual or the postmenstrual phase
first, would have reduced reporting bias.

In summary, we found that women with PMS did not
increase their consumption of energy or macronutrients in
the premenstrual phase of the menstrual cycle. Women in
the control group ate in a way that reflected their underlying
hormonal state (i.e. intakes were greatest in the premenstrual
phase), and our findings are similar to those of previous
human and animal research (Buffenstein et al. 1995; Dye &
Blundell, 1997). However, any differences between cycle
phase or group were not of sufficient magnitude with this
sample size to reach statistical significance. This has some
implications for nutrient and food intake research, such that
dietary researchers may not need to measure cycle phase
and/or severity of PMS. We believe that natural small fluctu-
ations that are compensated with a subsequent lowering of
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energy intake in the postmenstrual phase will not affect diet
study outcomes. We recommend, however, that research
examining a change in dietary intake in populations of
women consider the stage of the menstrual cycle and PMS,
particularly if the primary outcome is dietary from dietary
intervention research.

Acknowledgements

M. B. would like to acknowledge a scholarship grant from
Leeds University, which was supervised by L. D. M. B. and
L. D. contributed to the study design, M. B. contributed to
data collection, M. B. and K. T. contributed to data analysis
and all authors contributed to drafting and editing the manu-
script. The authors thank the volunteers for their cooperation
during the study. None of the authors had any personal or
financial conflict of interest.

References

Bancroft J, Cook A, Davidson D, Bennie J & Goodwin G (1991)
Blunting of neuroendocrine responses to infusion of L-tryptophan
in women with premenstrual mood changes. Psychosom Med 21,
305-312.

Barr SI, Janelle KC & Prior JC (1995) Energy intakes are higher
during the luteal phase of ovulatory menstrual cycles. Am J Clin
Nutr 61, 39-43.

Beaton GH (1994) Approaches to analysis of dietary data: relation-
ship between planned analyses and choice of methodology. Am J
Clin Nutr 59, 253S5-261S.

Bryant M, Cassidy A, Hill CE, Powell J, Talbot D & Dye L (2005)
Effect of consumption of soy isoflavones on behavioral, somatic
and affective symptoms in women with premenstrual syndrome.
Br J Nutr 93, 731-739.

Brzezinski A, Wurtman JJ, Wurtman RJ, Gleason R, Greenfield J] &
Nader T (1990) d-Fenfluramine suppresses the increased calorie
and carbohydrate intakes and improves mood in women with
premenstrual depression. Obstet Gynecol 76, 296-301.

Buffenstein R, Poppitt SD, McDevitt RM & Prentice AM (1995)
Food intake and the menstrual cycle: a retrospective analysis,
with implications for appetite research. Physiol Behav 58,
1067-1077.

Carpenter KM, Hasin DS, Allison DB & Faith MS (2000) Relation-
ships between obesity and DSM-IV major depressive disorder,
suicide ideation and suicide attempts: results from a general popu-
lation study. Am J Public Health 90, 251-257.

Cross GB, Marley J, Miles H & Willson K (2001) Changes in nutrient
intake during the menstrual cycle of overweight women with pre-
menstrual syndrome. Br J Nutr 85, 475-482.

Dalvit-McPhillips SP (1983) The effect of the human menstrual cycle
on nutrient intake. Physiol Behav 31, 209-212.

Dye L & Blundell JE (1997) Menstrual cycle and appetite control:
implications for weight regulation. Hum Reprod 12, 1142—1151.
Frankenfield D, Roth-Yousey L & Compher C (2005) Comparison of
predictive equations for resting metabolic rate in healthy nonobese
and obese adults: a systematic review. J Am Diet Assoc 105,

775-789.

Freeman EW (2003) Premenstrual syndrome and premenstrual dys-
phoric disorder: definitions and diagnosis. Psychoneuroendocrinol-
ogy 28, 25-37.

Freeman E, DeRubeis R & Rickels K (1996) Reliability and validity
of a daily diary for premenstrual syndrome. Psychiatr Res 62,
97-106.

Gallant PP, Bowering J & Short SH (1987) Pyridoxine and mag-
nesium status of women with premenstrual syndrome. Nutr Res
7, 243-252.

Gilbert C & Gillman J (1956) Changing pattern of food intake and
appetite during the menstrual cycle of the baboon with a consider-
ation of some of the controlling endocrine factors. S Afr J Med Sci
21, 75-88.

Heo M, Pietrobelli A, Fontaine KR, Sirey JA & Faith MS (2006)
Depressive mood and obesity in US adults: comparison and mod-
eration by sex, age, and race. Int J Obes 30, 513-519.

Istvan J, Zavela K & Weidner G (1992) Body weight and psychologi-
cal distress in NHANES 1. Int J Obes Relat Metab Disord 16,
999-1003.

Klesges RC, Eck LH & Ray JW (1995) Who underreports dietary
intake in a dietary recall? Evidence from the second National
Health and Nutrition Examination Survey. J Consult Clin Psychol
63, 438-444.

Krakow K (1992) Gibt es ein Zyklusabhangiges Ernahrungsver-
halten? (Is there a cycle-dependent eating behaviour?) Masters
Thesis. Fachhochschule Munster.

Li ET, Tsang LB & Lui SS (1999) Menstrual cycle and voluntary
food intake in young Chinese women. Appetite 33, 109—118.

Livingstone M (1995) Assessment of food intakes; are we measuring
what we are eating? Br J Biomed Sci 52, 58—67.

Margetts B & Nelson M (1991) Design Concepts in Nutritional Epi-
demiology. Oxford: Oxford University Press.

Mifflin MD, St Jeor ST, Hill LA, Scott BJ, Daugherty SA & Koh YO
(1990) A new predictive equation for resting energy expenditure in
healthy individuals. Am J Clin Nutr 51, 241-247.

National Institute of Mental Health (1983) NIMH Premenstrual Syn-
drome Workshop Guidelines. Rockville MD: NIMH.

Nelson M, Black AE, Morri JA & Cole TJ (1989) Between and
within-subject variation in nutrient intake from infancy to old
age: estimating the number of days required to rank dietary intakes
with desired precision. Am J Clin Nutr 50, 155-167.

Palaniappan U, Cue RI, Payette H & Gray-Donald K (2003) Impli-
cations of day-to-day variability on measurements of usual food
and nutrient intakes. J Nutr 133, 232-235.

Plankey MW, Stevens J, Flegal KM & Rust PF (1997) Prediction
equations do not eliminate systematic error in self-reported body
mass index. Obes Res 5, 308-314.

Reimer RA, Debert CT, House JL & Poulin MJ (2005) Dietary and
metabolic differences in pre-versus postmenopausal women taking
or not taking hormone replacement therapy. Physiol Behav 84,
303-312.

Rosenblatt H, Dyrenfurth I, Ferin M & Vande-Wiele RL (1980) Food
intake and the menstrual cycle in rhesus monkeys. Physiol Behay
24, 227-229.

Schweiger U, Tuschl RJ & Platte P (1992) Everyday eating behaviour
and menstrual function in young women. Fertil Steril 57, 771-775.

Smith MJ, Piers LS, Kraai L & Shetty PS (1989) Day-to-day variation
in basal metabolic rates and energy intakes in human subjects. Eur
J Clin Nutr 43, 465-472.

Vander A, Sherman J & Luciano D (1998) Human Physiology. The
Mechanisms of Body Function, 7th edn. New York: McGraw-Hill.

VanStrien T, Frijlers J, Bergers G & Defares P (1986) The Dutch
Eating Behaviours Questionnaire (DEBQ) for assessment of
restrained, emotional and external eating. Int J Eat Disord S,
747-1755.

Willett W (1998) Nutritional Epidemiology, 2nd edn. New York:
Oxford University Press.

Wurtman JJ, Brzezinski A, Wurtman RJ & Laferrere B (1989) Effect
of nutrient intake on premenstrual depression. Am J Obstet Gyne-
col 161, 1228—-1234.

Wurtman RJ & Wurtman JJ (1995) Brain serotonin, carbohydrate-
craving, obesity and depression. Obes Res 3, S477—-S480.

1€61900ZNfG/2101°0L/Bi0"10p//:sdny *swiial/a103/610 8bpliquied mmm//:sd1y 18 3|ge|ieA. ‘asn Jo swudl 310D abpLiquie) ay) 03 193[qNs ‘ZE:E€:50 18 ZZ0Z 18N €1 UO ‘98°€61°1Z°S9 :SSaIppe d '2403/6.10 3bpliquies'mmmy//:sd1y wody papeojumoqd


https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/BJN20061931

