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Abstract
Although previous studies have demonstrated the beneficial effects of some components of whole grains on premenstrual syndrome (PMS),
our literature review shows that no clinical trial has studied the effect of whole grain consumption on PMS so far. Therefore, the present study
was designed to study the effect of diets rich in whole grains on PMS among nurses. This study is a parallel controlled clinical trial with a
3-month intervention period in which, after following two menstrual cycles among nurses, 100 nurses diagnosed with PMS were randomly
divided into two groups of intervention and control, with fifty individuals in each. Those in the intervention group replaced at least four
servings of refined grains in their daily diets with whole grains. To supply four servings, 120 g of bread made with whole flour was given to the
intervention group on a daily basis. Those in the control group, however, continued their regular daily consumption of grains. The two groups
were compared regarding PMS symptoms after adjusting the confounding variables. The repeated measurement test showed that the
interaction between the time factor and the experimental group on the mean score of PMS symptoms was significant. That is, the intervention
group showed a significant decrease in the general, mood, physical and behavioural symptoms of PMS compared with the controls (P< 0·001,
P= 0·01, P< 0·001 and P= 0·003, respectively). Therefore, daily consumption of whole grains in place of refined grains can contribute to
improvement in PMS symptoms. Further studies are needed to confirm our findings.
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Premenstrual syndrome (PMS) is one of the most common dis-
orders among women of reproductive age and has a negative
impact on their quality of life(1). This syndrome is characterised
by a set of physical, mood and behavioural symptoms(2), such as
headache, backache, breast tenderness, anxiety, depression,
irritability, fatigue, change in appetite and insomnia(3), which
usually starts in the luteal phase of menstrual cycle and dis-
appears shortly after the onset of menstruation flow(2). The
worldwide prevalence of this syndrome is reported to be 13–
18%(4) and 54·9% among Iranian women(5). Among women of
different jobs, nurses are the ones mostly affected(6). The precise
aetiology of PMS is not completely clear yet; however, hypoth-
eses such as hormonal changes, hypoglycaemia and nutritional
deficiencies are being considered. The main goal of PMS treat-
ment is controlling its symptoms and allowing the individual to
have a proper performance during her menstrual cycle. Recently,
using selective serotonin reuptake inhibitors (SSRI) has been the

dominant treatment of this syndrome; however, side effects such
as insomnia, anxiety and decreased libido have been reported(7).
For this reason, controlling the symptoms of this syndrome using
safe methods such as nutritional interventions can be of value(8).

Whole-grain foods constitute one of the valuable foods that
its three main components, namely, germ, bran and endo-
sperm, in contrast to refined grains, remain in it and are rich in
dietary fibres, vitamin B, Fe, Mg and vitamin E(9). In several
studies, a daily consumption of 16–48 g of whole grains was
related to receiving more sufficient amounts of vitamins and
minerals(10–13). In some studies, consumption of components
of whole grains including vitamins B1, B6 and D, Ca, Zn and
Mg, as dietary supplements caused the relief of some PMS
symptoms(14–18), and a positive relationship was reported
between dietary B vitamins and the risk of PMS(19). Supple-
mentation of wheat germ extract reduced physical and psy-
chological symptoms(20). Furthermore, Western dietary

Abbreviations: BFM, body fat mass; DSR, daily symptom record; PMS, premenstrual syndrome.
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patterns that included refined grains increased the odds of
PMS(21), and healthy dietary patterns had beneficial effects on
PMS management(22).
Considering the high prevalence of PMS among women and

the side effects of the common treatments, there is an apparent
need for studying treatments with fewer side effects. For this
reason, relieving the severity of PMS symptoms with dietary
interventions can prove beneficial. Having access to whole grains
is difficult in Iran and the major portion of consumed grains is of
refined type, and this increases the chance of vitamin B and
some mineral deficiencies to a high extent(23). Despite the ben-
eficial effects of some components of whole grains including
vitamin B and some minerals being shown by previous studies,
to the best of our knowledge, no clinical trial regarding the effect
of whole grain consumption on PMS has been conducted; con-
sequently, this study was designed with the aim of investigating
the effect of a diet rich in whole grains on PMS among nurses.

Methods

Subjects

The participants of this study consisted of volunteered female
nurses whose age ranged from 18 to 45 years and who were
working at Urmia hospitals. All nurses from all sections (except
from the operating rooms) of all hospitals of Urmia city (except
for two hospitals due to their own failure to enter) including
seven private and state hospitals on different days and different
working shifts were interviewed face-to-face from October 2016
to February 2017, regarding PMS symptoms. From among all the
interviewed nurses, 232 whose probability of PMS was high
and announced their readiness to participate in the study
were included; however, there were sixteen nurses meeting the
exclusion criteria and were, consequently, excluded. The
exclusion criteria consisted of having any illness affecting PMS
symptoms including mental or psychological diseases and any
diagnosed clinical condition such as cancer, CVD, renal, hepatic,
neurological, infectious and endocrine diseases; surgery during
the last 6 months; use of hormones and contraceptives to relieve
symptoms; being treated with methods such as acupuncture,
homeopathy, and other complementary medical treatments;
following a weight loss diet, doing regular exercise, a BMI
>39kg/m2, smoking, alcohol consumption, use of medication;
death of a close relative and other stressful events over the last
6 months; breast-feeding and pregnancy. Considering the
symptoms common between PMS and depression, to ensure of
the remaining nurses (n 216) not being severely depressed, the
volunteers completed the valid and reliable Beck ques-
tionnaire(24) and those whose scores were above 16 were
excluded from the study (n 33). Next, the remaining individuals
(n 183) were evaluated in terms of inclusion criteria. The criteria
consisted of having PMS, an age between 18 and 45 years, reg-
ular menstrual cycles of 21–35d and menstrual bleeding between
3 and 8d. Daily symptom record (DSR) questionnaires were used
to diagnose PMS. The participants were asked to enter the
symptoms of their two consecutive menstrual cycles in the
questionnaire on a daily basis. The participants were kept in
touch by telephone during these 2 months.

PMS diagnosis was carried out based on the diagnosis criteria
of the American College of Obstetricians and Gynecologists(25),
that is, reporting at least one of the following symptoms during
their two consecutive menstrual cycles (prospective recording):
depression, anger outburst, irritability, anxiety, confusion, social
withdrawal, breast tenderness, abdominal bloating, headache and
swelling of extremities. The reported symptoms were supposed to
have interfered with the individual’s daily life and not to be related
to a disease, drug and hormone consumption or any other reason.
Moreover, the symptoms were supposed to appear 5d before the
onset of bleeding and disappear 4d after it without recurrence
until at least day 13 of the menstrual cycle. During these 2 months
of follow-up, some other nurses (n 70) were excluded from the
study due to various reasons, such as going on a weight loss diet,
committing errors in filling out the questionnaire (mistakes in
completing the DSR questionnaire such as frequent mistakes in
entering the score of symptoms in the appropriate day of the
menstrual cycle), losing the questionnaire and unwillingness to
continue participation in the study. Since in the first face-to-face
meeting, the existence of several of the menstrual symptoms in
the participants was made sure of; after the end of 2 months of
follow-up, only a small number of the nurses (n 13) were
excluded for not contracting PMS and eventually 100 nurses were
diagnosed with PMS and were included in the study.

Ethics approval

This study was carried out based on Helsinki contract guide-
lines and approved by ethics committee of Urmia University of
Medical Sciences under code IR.REC.UMSU.1395.256 and
registered at clinical trial site (http://www.irct.ir) under code
IRCT2017031132417N3. In addition, before starting the study,
written informed consent was obtained from each of the
participants.

Design

This study is a parallel, randomised, controlled, open-label trial
with an intervention period of 3 months in which 100 nurses
diagnosed with PMS were randomly allocated into two groups
of intervention and control with fifty individuals in each. The
individuals in the intervention group were asked to replace at
least four servings of their daily refined grain consumption with
whole grains. They were also given a list of whole-grain food
items including whole-wheat bread, brown rice, brown spa-
ghetti, home-made cakes and cookies made using whole-wheat
flour instead of refined types and thereby increase their con-
sumption of legumes to choose from. Moreover, the individuals
in the intervention group were given 840 g of whole bread each
week, so that they would replace their daily consumption of
refined bread with 120 g of this bread and were asked not to
consume refined bread as much as possible. The participants
whose daily whole grain consumption was less than four ser-
vings (n 6) were excluded from the study. The intervention and
control groups’ participants were supposed to fill out DSR
questionnaires on a daily basis for three menstrual cycles, in
parallel to 3 months of intervention. In addition to filling out
DSR questionnaires, anthropometry and body composition
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including weight, BMI, body fat mass (BFM), skeletal muscle
mass (SMM), percentage of body fat (PBF), waist:hip ratio
(WHR) and visceral fat area (VFA) of the two groups’ partici-
pants were evaluated before and after intervention using
bioelectrical impedance analysis method (InBody 770; InBody
Co.).

Assessment of compliance

The participants from both groups were asked not to change
their usual lifestyle, diet and physical activities. To make sure of
stability and consistency in implementing and considering the
previously mentioned points by the participants, the follow up
was carried out via frequent telephone calls and face-to-face
meetings in the hospitals the participants were working. Fur-
thermore, they were asked to complete a 3-d food records and
metabolic equivalent of task (MET) questionnaire three times,
that is, once before the start of intervention then with 1-, 2- and
3-month time gap after the start of the intervention. Necessary
instructions were provided to the participants thoroughly both
as written and as face-to-face. They were instructed to record
everything they ate as servings in details in two weekdays and
one weekend day. Moreover, to make sure that they received
the breads, the participants in the intervention group were
given bread coupons and after the end of 1 month, the coupons
were collected from the bread distribution centre. Furthermore,
to prevent loss of the DSR papers and food records and physical
activity questionnaires, the participants sent images of their
questionnaires at the end of each month of menstrual cycle to
be archived in specified files. The mean of daily consumption of
nutrients and food groups in both the intervention and control
groups was analysed using Nutrition 4 software (First Databank
Inc.; Hearst Corporation) adopted for the Iranian foods. To
calculate the MET for each participant, the time (h/d) reported
for each physical activity was multiplied by its relevant MET
coefficient.

Daily symptom record

This questionnaire was introduced by Freeman et al. in 1996
and its validity and reliability have been confirmed(26,27). DSR is
a self-report questionnaire and determines the severity of PMS
using twenty different symptoms divided into the following
three subgroups: mood symptoms (restlessness; irritability;
anxiety, depression or sadness; crying; feeling of isolation),
physical symptoms (headache, breast tenderness, acne, back-
ache, abdominal pain, weight gain, swelling of extremities,
muscle stiffness, gastrointestinal symptoms, nausea) and beha-
vioural symptoms (fatigue, lack of energy, insomnia, difficulty
in concentrating, increased or decreased appetite). The severity
of symptoms was evaluated as ‘0’ absence of symptoms, ‘1’mild
symptoms that may not interfere with daily activities of the
person, ‘2’ moderate symptoms that interfere with daily activi-
ties of the person and ‘3’ severe symptoms that hinder the
person from performing her daily activities. In this study, to
calculate the severity of each symptom, we added the score of
symptom during a period of 5 d before and 4 d after the 1st day
of menstruation and reported it as the severity of that symptom

in that month. To calculate the severity of mood, physical and
behavioural symptoms, in a similar manner, we added the
scores of symptom subgroups to obtain the severity score.
Furthermore, to compare the symptoms before and after the
intervention between the groups, we considered the mean
severity scores of the symptoms in 2 months before intervention
as the baseline and compared them with those of the first,
second and third months.

Statistical analysis

Calculation of the sample size was determined based on the
reduction of anxiety scores in the intervention and control
groups in a study conducted by Ebrahimi et al.(16), and con-
sidering the mean of 12·1 (SD 19) using the following formula:
N = Z1 +Z2ð Þ2 S21 + S

2
2

� �
= ðμ1 � μ2Þ2. Since α (type I error) and

β (type II error) were set at 0·05 and 0·2, respectively, the
sample size was obtained to be 38.

To evaluate the normality of data distribution, Kolmogorov–
Smirnov statistical test was used. To compare anthropometric
variables at the onset and offset of the study, a paired t test was
conducted and to compare the changes in the two groups by
adjusting the base value of effects, a covariance analysis was
performed.

To identify confounding variables, first, the χ2, Mann–
Whitney and repeated-measures tests were applied and then the
two groups were compared for some demographic and back-
ground variables, physical activity, intake of food groups and
macronutrients and changes in anthropometric indices. Those
variables with a P< 0·25 were chosen to enter the final model as
covariates. Eventually, to compare the two groups for PMS
symptoms, the two-covariance analysis model was applied. In
model 1, only the effect of base values was adjusted (the mean
scores of PMS symptoms in the two cycles before the intervention
be considered the baseline score); and in model 2, in addition to
adjusting the effect of base values, the effects of marital status;
age; duration of a menstrual cycle; the mean change of physical
activity; intake of energy, protein, carbohydrate and fat across
different times during the study; and changes in BMI, BFM, SMM,
PBF, WHR were adjusted as well. Highly correlated variables
were extracted as factors using factor analysis and then these
factors were used as covariates instead of single variables.
Therefore, energy, protein and carbohydrate as factor 1 and BMI,
BFM and PBF as factor 2 were entered into the model as cov-
ariates. The data were analysed using version 22 of SPSS software.
In all performed analysis, P≤ 0·05 was considered as significant.

Results

Subject characteristics

One hundred participants were randomly allocated to the
intervention and control groups. Next, six individuals, due to
loss of interest in participation in the study; six individuals, due
to not following the intervention (consuming less than four
servings of whole grains in the intervention group); one indi-
vidual, due to going under surgery; three individuals, due to
following weight loss diets; one individual, due to becoming
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pregnant during the course of study; four individuals, due to
losing DSR or food record questionnaire; and three individuals,
due to committing errors in completing the questionnaires were
excluded from the study. Ultimately, seventy-six individuals
including thirty-eight in the intervention group and thirty-eight
in the control group completed the study (Fig. 1). Results of the
χ2 test showed that there were no significant differences
between the two groups in baseline characteristics and demo-
graphics other than the duration of a menstrual cycle that was
longer in the intervention group than that in the control group
(P= 0·007) (Table 1).

Physical activity and nutritional analysis

Results of covariance analysis (by adjusting the base values
effects) showed that there was a significant difference
(P= 0·002) between the two groups in mean physical activity
levels. Physical activity levels of the two experimental groups
were compared during the study period (Table 2) and the
repeated-measures test showed that the physical activity levels
of the individuals had not changed significantly during the study
(P= 0·568). Consequently, the effect of physical activity was
adjusted in the final analysis as the cofounding variable. In
Table 2, intake of nutrients and food groups in both the

232 volunteer nurses who agreed
to participate in the study

Met the exclusion criteria (n 16)

Having a score of depression higher
than 16 (n 33)

2 months follow up before intervention
(n 183)

Excluded (n 83)

Starting a weight loss diet, committing errors in
completing the questionnaires, losing the questionnaires,
unwillingness to continue participation in the study (n 70),
and not meeting inclusion criteria (n 13)

Randomly assigned (n 100)

Rich in whole grains group
(n 50)

Allocation Usual diet group
(n 50)

Follow-up after 1 month
(n 44)

Follow-up after 1 month
(n 43)

Follow-up after 2 months
(n 40)

Follow-up after 3 months
(n 38)

Follow-up after 3 months
(n 38)

Follow-up after 2 months
(n 41)

Unwillingness to continue
participation in the study

(n 3), non-compliance with
the diet (n 4),

Non-compliance with the
diet (n 2), starting a
weight loss diet (n 1)

Undergoing surgery during
the study (n 1), losing the

questionnaire (n 1)

Completed intervention and
analysed (n 38)

Analysed Completed intervention and
analysed (n 38)

Unwillingness to continue
participation the study
(n 3), starting a weight

loss diet (n 2), losing the
questionnaire (n 1)

Getting pregnant during
the study (n 1),

committing errors in
completing the

questionnaire (n 2)

Losing the questionnaire
(n 2), error in completing
the questionnaire (n 1 )

Fig. 1. Participant eligibility, screening, randomisation and follow-up of premenstrual syndrome patients.
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intervention and control groups were inserted as separated by
time. Based on the results of repeated-measures tests, the
interaction of the factor of time and experimental group on the
mean intake of niacin was significant (P= 0·036); meaning that
the difference between the two groups was not constant over
time and niacin intake increased in the intervention group and
decreased in the control group over time. Based on the results
of repeated-measures analysis test, the effect of time factor on
the mean intake of energy, pantothenic acid, crude fibre,
tryptophan, biotin and fruits was significant; that is, their intake
level over the course of time has undergone significant changes
(P< 0·05). In this study, in both the intervention and control
groups, intake of dietary fibre, milk and dairy products, vege-
tables, cereals, meats and fats were constant over time and did
not go under significant changes.
Covariance analysis test (by adjusting the base values)

showed significant differences (P< 0·05) in consumption of
energy, protein, carbohydrate, Fe, Mg, Zn, Mn, vitamin E,
thiamine, pantothenic acid, vitamin K, crude fibre, tryptophan,
P, Cu, pyridoxine, biotin, dietary fibre, cereals and fats and that
the intake of these nutrients and food groups after adjustment of
the base values was higher in the intervention group than that
in the control group. The mean of whole grain consumption
changed in the control group from 0·59 servings before the start
of intervention to 0·71, 0·61 and 0·59 servings in the first, second

and third months after the start of intervention, respectively, and
it changed in the intervention group from 0·94 servings before
the intervention to 5·36, 4·29 and 5·35 servings in the first,
second and third months after the start of intervention,
respectively.

Anthropometric assessment

In Table 3, a comparison between the values of anthropometric
indices in the two groups was made separated by time. Based
on the results of covariance analysis test and by adjusting the
effect of base values, a significant difference between the mean
changes in BMI (P= 0·035) and BFM (P= 0·050) of the inter-
vention and control groups were observed in a way that the
decrease in BMI and BFM in the intervention group was more
than that in the control group. Nevertheless, no significant sta-
tistical differences were observed between the two groups in
terms of changes in weight, SMM, PBF, WHR and VFA.

Score analysis of premenstrual symptoms

In this study, a comparison was made between the two groups
of intervention and control in PMS scores over time. The
repeated-measures analysis test model 2 (by adjusting the effect
of all confounding factors) showed that the interaction between

Table 1. Comparison between the background and demographics of nurses diagnosed with premenstrual syndrome (PMS)*
(Numbers and percentages; medians and ranges)

Rich in whole grain group (n 38) Usual diet group (n 38)

Variables Median Range Median Range P

Marital status
Single
n 16 24 0·07
% 42·1 63·2

Married
n 22 14
% 57·9 36·8

Consumption of dietary supplements over the last 6 months
Yes
n 16 17 0·82
% 42·1 44·7

No
n 22 21
% 57·9 55·3

PMS family history
Yes
n 24 19 0·25
% 63·2 50

No
n 14 19
% 36·8 50

Age (years) 34·5 19–45 27·5 19–45 0·13
Age at menarche (years) 14 11–16 13 10–16 0·63
Bleeding time (d) 5·5 4–8 5·5 3–8 0·82
Duration of menstrual cycle (d) 28 21–35 26 21–35 0·01
Weight at the onset of the study (kg) 62·9 42·0–84·4 62·0 45·4–88·7 0·54
BMI at the onset of the study (kg/m2) 25·6 17·5–36·2 24·6 17·8–35·6 0·31
Beck depression score at the onset of the study 7·0 0–16 6·5 0–16 0·92
Mean general symptoms score of PMS in the first two cycles before intervention 90·2 19·5–371 69·2 14·5–303·5 0·07
Mean mood symptoms score of PMS in the first two cycles before intervention 20·7 2–94·5 18·0 2–97·5 0·20
Mean physical symptoms score of PMS in the first two cycles before intervention 42·7 10·5–192 30·0 7–127·5 0·06
Mean behavioural symptoms score of PMS in the first two cycles before intervention 25·7 0·5–84·5 18·0 0·5–86 0.12

* To compare the qualitative and quantitative variables in the two groups, χ2 and Mann–Whitney tests were applied, respectively.
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Table 2. Comparing the daily physical activity, food and nutrient intake levels in nurses with premenstrual syndrome receiving diets rich in whole grains or usual diet over 3 months*
(Mean values and standard deviations)

Rich in whole grain group (n 38) Usual diet group (n 38)

Study onset
End of the first

month
End of the

second month
End of the third

month Study onset
End of the third

month
End of the

second month
End of the first

month

Variables Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Ptime Pgroup Pgroup× time

Physical activities
(MET/h)

21·4 4·2 21·7 4·0 21·6 4·2 22·0 3·9 20·9 4·9 20·3 4·8 20·7 4·7 20·6 5·6 0·42 0·002 0·57

Energy (kJ) 7969·7 2076·5 8423·2 2045·1 7915·7 1654·3 8270·9 1421·7 7999·8 2307·5 7686·0 2102·5 7387·3 1828·0 7491·4 1758·9 0·03 0·002 0·67
Protein (g) 70·0 21·6 78·8 22·1 71·7 16·9 75·9 15·6 71·0 21·8 70·0 22·7 67·5 20·6 62·1 17·8 0·06 0·001 0·09
Fat (g) 67·1 23·5 64·3 18·7 59·3 16·5 62·5 15·6 69·4 23·4 68·2 21·3 65·4 20·5 65·4 17·3 0·23 0·19 0·78
Carbohydrate (g) 262·5 73·9 292·6 80·8 280·0 62·9 292·4 55·0 257·7 81·4 239·3 80·0 232·1 58·8 243·2 75·6 0·11 <0·001 0·94
Fe (mg) 13·5 3·7 15·8 4·2 15·0 3·0 15·3 3·1 12·7 3·9 12·0 3·0 11·3 2·8 11·1 2·9 0·58 <0·001 0·72
Mg (mg) 329·3 128·3 433·0 117·4 411·1 98·0 407·8 90·5 295·8 135·6 263·9 90·3 270·0 101·3 251·4 100·8 0·53 <0·001 0·47
Zn (mg) 8·9 2·6 11·6 3·1 10·8 2·7 11·2 2·2 8·9 2·7 8·8 3·1 8·2 2·7 7·9 2·4 0·30 <0·001 0·43
Mn (mg) 5·8 2·4 9·6 3·0 9·1 2·5 8·7 2·7 5·7 3·8 4·6 2·0 4·7 2·0 4·4 2·6 0·20 <0·001 0·51
Vitamin E (mg) 17·7 12·2 19·5 7·9 19·0 7·2 18·0 4·8 14·9 14·8 13·0 9·8 13·6 12·5 14·3 11·5 0·45 0·002 0·31
Thiamin (mg) 1·7 0·6 1·7 0·5 1·6 0·4 1·6 0·3 1·6 0·8 1·5 0·5 1·4 0·6 1·4 0·5 0·50 0·004 0·78
Niacin (mg) 20·5 8·0 24·9 7·9 22·4 5·8 23·7 6·3 21·8 7·5 20·2 7·3 21·2 6·7 18·7 6·7 0·04 <0·001 0·05
Folate (µg) 337·5 117·9 311·7 103·4 305·3 80·6 303·9 92·1 289·7 122·6 265·5 96·4 252·0 103·4 266·5 108·8 0·97 0·07 0·80
Pantothenic acid

(mg)
4·7 1·5 5·4 1·4 5·3 1·3 5·4 1·0 4·7 1·4 4·5 1·5 4·5 1·3 4·3 1·2 0·03 <0·001 0·54

Vitamin K (µg) 94·7 57·9 137·2 73·3 146·1 70·6 145·2 80·7 79·9 42·4 80·7 59·5 75·5 35·9 84·2 54·7 0·64 <0·001 0·81
Soluble fibre (g) 0·5 0·4 0·4 0·3 0·5 0·3 0·6 0·5 0·5 0·4 0·5 0·3 0·4 0·3 0·5 0·4 0·10 0·69 0·14
Crude fibre (g) 4·9 2·0 7·3 2·6 7·8 2·4 8·2 1·9 4·7 1·9 4·1 1·8 4·0 1·3 4·9 2·1 0·001 <0·001 0·56
Tryptophan (mg) 631·7 209·2 918·9 332·9 845·7 215·1 856·6 198·4 711·3 249·1 684·1 242·5 687·3 242·1 595·4 205·0 0·04 <0·001 0·17
Ca (mg) 645·2 213·9 606·5 235·8 576·2 262·9 598·6 212·2 635·1 227·3 659·3 356·2 578·3 267·10 607·9 258·5 0·23 0·47 0·67
P (mg) 1147·9 328·8 1408·6 403·6 1326·3 340·3 1333·9 285·8 1099·3 398·2 1009·0 374·8 1017·1 337·0 963·7 310·5 0·49 <0·001 0·51
Cu (mg) 1·6 0·9 1·6 0·6 1·6 0·5 1·6 0·4 1·4 0·6 1·3 0·7 1·2 0·5 1·3 0·6 0·81 0·007 0·88
Se (mg) 0·05 0·03 0·07 0·03 0·06 0·03 0·07 0·03 0·05 0·03 0·08 0·22 0·05 0·03 0·04 0·02 0·23 0·42 0·44
Cr (mg) 0·03 0·02 0·04 0·05 0·03 0·03 0·03 0·03 0·03 0·02 0·03 0·02 0·03 0·02 0·03 0·02 0·63 0·46 0·57
Mo (µg) 28·2 33·8 25·6 21·4 27·2 23·4 24·9 24·3 34·5 34·2 34·7 29·9 35·7 34·3 21·9 16·7 0·59 0·33 0·27
Riboflavin (mg) 1·6 0·7 1·6 0·4 1·5 0·4 1·6 0·4 1·5 0·4 1·5 0·6 1·3 0·4 1·4 0·4 0·49 0·11 0·29
Pyridoxine (mg) 1·8 1·1 1·9 0·7 1·9 0·5 1·9 0·6 1·7 0·7 1·6 0·6 1·6 0·6 1·4 0·5 0·73 0·15 0·001
Cobalamin (µg) 2·8 2·0 2·9 3·1 2·5 2·4 3·0 3·1 2·9 2·0 4·0 5·1 2·8 2·7 3·0 4·0 0·44 0·49 0·36
Biotin (µg) 11·3 6·2 16·7 6·6 17·2 6·2 18·1 7·0 12·3 7·5 11·1 7·0 11·3 6·1 11·2 6·7 0·04 <0·001 0·75
Vitamin D (µg) 1·1 1·0 1·2 1·0 1·3 1·4 1·4 1·2 1·1 1·1 1·0 1·0 1·2 1·2 1·1 1·2 0·90 0·32 0·57
Dietary fibre (g) 17·2 6·0 31·8 10·2 31·6 7·3 32·0 6·9 15·0 7·2 13·7 5·8 12·4 4·3 14·9 6·1 0·11 <0·001 0·57
Milk and dairy

products
(servings)

0·8 0·5 0·8 0·7 0·7 0·7 0·8 0·6 0·8 0·6 1·0 1·1 0·8 0·6 0·8 0·9 0·39 0·79 0·75

Vegetables
(servings)

2·4 1·5 2·5 1·4 2·2 1·2 2·4 1·0 2·1 1·3 2·2 1·2 2·0 1·2 2·1 1·2 0·17 0·41 0·92

Fruits (servings) 2·5 1·8 1·9 1·4 2·7 1·7 3··3 2·1 2·4 1·8 2·0 1·6 2·0 1·3 3·3 2·8 0·02 0·52 0·28
Cereals (servings) 12·5 4·1 15·5 4·4 13·7 3·4 13·7 3·5 12·4 4·6 11·4 3·8 10·6 2·9 10·6 3·6 0·50 <0·001 0·38
Meat (servings) 5·1 2·3 5·0 2·1 4·4 1·7 4·8 1·5 5·3 2·2 5·1 2·4 5·1 2·5 4·2 2·3 0·62 0·94 0·07
Fat (servings) 11·6 4·7 10·7 3·4 9·9 3·1 10·1 2·9 11·3 4·6 11·0 4·1 10·9 3·9 11·3 3·4 0·57 0·05 0·52

* P values represent the effect of time, group and time× group interaction computed by analysis of general linear model ANOVA for repeated measurements. Whole grain group.
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the time factor and experimental group was significant in mean
scores of general, mood, physical and behavioural symptoms of
PMS. In the intervention group, in comparison with the control
group, the scores of general, mood, physical and behavioural
symptoms were reduced significantly (P< 0·001, P= 0·01,
P< 0·001 and P= 0·003). Further details are available in the
Fig. 2 and online Supplementary Table S1.

Discussion

To the best of our knowledge, this is the first study investigating
the effect of diets rich in whole grains on the intensity of PMS
symptoms. In this study, we found that increasing the con-
sumption of whole grains in individuals with PMS caused a
decrease in the intensity of physical, mood and behavioural
symptoms. Our results revealed there was no difference
between the intervention and control groups during the study
regarding the consumption of food groups except for cereals,
which significantly increased in the intervention group. The
intervention group increased their daily whole grain intake
nearly four servings, about half of it was consumed instead of
refined grains and other half was consumed extra than baseline
cereal intake. Therefore, it caused increased intake of energy
and macronutrients. Since we controlled the effect of energy
and macronutrient intake, the study results can be assumed due
to replacement of refined grains with whole grains. Increasing
the intake of whole grains in the intervention group is accom-
panied by an increase in some micronutrients and vitamins such
as Mg, Zn, Mn, vitamin E, thiamin, Cu, pyridoxine and biotin
whose beneficial effects on controlling PMS symptoms are
observed in previous studies. Due to their effect on neuro-
transmitter metabolism, vitamin B plays an important role in
relation to this syndrome. This is because disorders and
abnormalities of neurotransmitters, such as serotonin, dopa-
mine, and γ-aminobutyric acid (GABA), are among the impor-
tant aetiologies associated with PMS(28,29). Thiamin is essential
for GABA precursor metabolism; vitamin B6, vitamin B12 and
folate are essential for the formation of S-adenosyl-methionine;
and tetrahydrobiopterin is essential for serotonin and dopamine
metabolism(30,31). Furthermore, riboflavin is required in the

production of pyridoxal phosphate, and pyridoxal phosphate
and niacin are required in the production of serotonin from
tryptophan(32).

In the study conducted by Chocano-Bedoya et al.(19), an
inverse association was observed between dietary thiamin and
riboflavin and the risk of PMS. These results were obtained with
a diet that contained thiamin and riboflavin higher than RDA
(1·1mg/d), in such a way that women receiving a daily dose of
1·9mg of thiamin from their diets had a 25% lower risk of PMS
than women receiving a daily dose of 1·2mg. It is interesting
that this level of intake is supplied with the consumption of two
to three servings of thiamine-rich foods, such as whole grains
and beans. Moreover, women receiving a daily dose of 2·5mg
of riboflavin, as opposed to receiving 1·4mg of it, were 35%
less likely to developing PMS. This level of intake was supplied
with 1–2 servings/d of enriched grains(19). Meanwhile, accord-
ing to the National Food Consumption Survey, the total grain
intake among Iranian people is much lower than that recom-
mended by the US Food Department’s pyramid (6–11 servings/
d), that is, <2 servings/d(33).

The potential effects of vitamin supplements in the treatment
of PMS have also been evaluated in previous studies. Although
in the London et al.(34) study, the consumption of multivitamin–
mineral supplements including vitamins B, A, D, C and E as well
as minerals such as Mg, Mn, Fe and Cu reduced the severity of
PMS symptoms in the intervention group compared with that in
the control group, based on the results of the study performed
by Chocano-Bedoya et al.(19), an increase in the intake of these
vitamins through supplements was associated with an increase
in the risk of incidence of PMS. Due to biological interaction
between B vitamins, their concurrent consumption is important.
This can be explained through an example: for pyridoxine
hydrochloride to convert into its active form, that is pyridoxal
phosphate, it requires riboflavin. Therefore, when used con-
currently, there will not be a deficiency in B6 active level; and in
this way, the supplement will have a better effect on the
intensity of PMS symptoms(34).

Consuming wheat germ extract as a food source rich in
vitamins B, E and C, as well as minerals, such as Zn, Mg, Ca,
caused a significant reduction in the three categories of general,
physical and psychological symptoms of PMS in the wheat germ

Table 3. Comapring the anthropometric profiles in nurses with premenstrual syndrome following diet rich in whole grains or usual diet over 3 months
(Mean values and standard deviations)

Rich in whole grain group (n 38) Usual diet group (n 38)

Study onset Study outset Amount of change Study onset Study outset Amount of change

Variables Mean SD Mean SD Mean SD P* Mean SD Mean SD Mean SD P† P‡

Weight (kg) 64·2 10·2 63·7 9·9 –0·4 2·5 0·32 63·1 10·3 63·3 10·8 0·2 1·6 0·52 0·25
BMI (kg/m2) 25·6 3·8 25·3 3·7 –0·2 0·7 0·03 24·9 4·2 24·9 4·4 0·07 0·6 0·44 0·03
BFM (kg) 24·1 6·6 23·1 6·3 –0·1 1·3 <0·001 23·4 7·12 23·1 7·37 –0·4 1·25 0·08 0·05
SMM (kg) 21·6 2·8 21·8 2·8 0·2 0·7 0·14 21·4 2·6 22·00 2·8 0·6 1·8 0·05 0·19
PBF (%) 37·0 5·4 35·5 5·1 –1·5 2·9 0·003 35·7 7·0 35·6 6·0 0·00 3·9 0·99 0·11
WHR 0·9 0·05 0·9 0·04 –0·01 0·02 0·005 0·9 0·05 0·9 0·04 0·00 0·03 0·36 0·16
VFA (cm2) 116·4 38·4 110·7 37·1 –5·7 11·2 0·004 112·8 40·1 109·2 39·4 –3·6 7·04 0·003 0·39

BFM, body fat mass; SMM, skeletal muscle mass; PBF, percentage of body fat; WHR, waist:hip ratio; VFA, visceral fat area.
* Comparison between before and after values in the whole grain group applying paired t test.
† Comparison between before and after values in the usual diet group applying paired t test.
‡ Comparison between change values in the two groups of whole grain and usual diet groups by adjusting the base values applying co-variance analysis.
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group(20). Diets with low Mn levels (1mg/d), as opposed to
diets with higher Mn levels (5–6mg/d), were also associated
with an increase in mood symptoms and pain in the pre-
menstrual phase of menstrual cycle(35). Some other studies have
reported the beneficial effects of Zn, Mg, Ca and some other
micronutrients in relief of PMS symptoms as well(17,35–37).
Whole grains are food sources rich in soluble and insoluble

fibres such as inulin, β-glucan and resistant starch. Following a
diet rich in whole grains was associated with an increase in
receiving dietary fibres. In the study conducted by Houghton
et al.(38) on the relationship between dietary fibre and risk of
PMS, it was observed that the daily consumption of dietary
fibres and carbohydrates, except for maltose, had no effect on

PMS development. Meanwhile, in a cross-sectional study carried
out by Nagata et al.(39), after adjusting the age, age at menarche,
total energy intake and smoking, an inverse association was
observed between menstrual pain and dietary fibre in people
with dysmenorrhea.

In general, in this study, replacing refined grains with whole
grains, which have higher nutritional values, was associated
with the relief of PMS symptoms.

The greatest advantage of this study is the strong effect of
whole grain consumption on reducing the PMS scores. Of other
advantages, one can refer to the 5-month follow-up of the
participants in dietary patterns and lifestyle 2 months before
and 3 months after the start of intervention. One limitation of
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Time

P group = 0 .114, P time < 0 .001,
P group×time < 0 .001

P group = 0 .204, P time = 0 .004,
P group×time = 0 .015

P group = 0 .161, P time = 0 .001,
P group×time < 0 .001

P group = 0.190, P time = 0 .001,
P group×time = 0 .003

(a) (b)

(c) (d)

Fig. 2. Changes in general (a), mood (b), physical (c) and behavioural (d) scores of premenstrual syndrome (PMS) in nurses with PMS who received diet enriched with
whole grains or usual diet for 3 months. Values are means, with 95 % confidence intervals represented by vertical bars. P values represent the effect of time, group and
time×group interaction computed by analysis of general linear model ANOVA for repeated measurements after adjusting for baseline value of the outcome, marital
status; age; duration of a menstrual cycle; the mean change of physical activity; intake of energy, protein, carbohydrate, and fat across different times during the study;
and changes in BMI, body fat mass, skeletal muscle mass, percentage of body fat and waist:hip ratio. , Intervention group; , Control group.
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the study was it being open-label and the possibility of placebo
effect due to its nature and impossibility of blinding; although in
the study conducted by Freeman & Rickels(40), to evaluate the
effect of placebo on the treatment of PMS, the majority of
participants reported only partial improvement or no
improvement at all. The second limitation was its high dropout
rate of participants during the study due to high workload and
subsequent loss of their data and not using intention-to-treat
analysis. To overcome this problem, two models of adjusting
covariates, especially baseline values in statistical analysis were
used. In addition, dropout of non-compliant patients could help
to get definite results. Not including the nurses from hospitals’
operating rooms in the study due to the difficulty in entering
those sections was among other limitations of the study.
Although we lost data on nurses with high stress jobs, we
eliminated the effect of stress on PMS.

Conclusion

PMS affects the normal function of women in the workplace,
family and even sexual relationship. Pharmaceutical treatments,
especially with SSRI, which are at the head of the treatment, are
associated with some side effects, and women with less severe
symptoms are less likely to accept this treatment. To the best of
our knowledge, no randomised controlled trials had been carried
out until now to investigate the effect of diets enriched with
whole grains on PMS symptoms. In this paper, we showed that
following a diet rich in whole grains for 3 months led to statis-
tically and clinically significant improvements in the severity of
general, physical, mood and behavioural symptoms of PMS.
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