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Abstract

Objectives: Premenstrual syndrome (PMS) is a common cyclic psychological and
somatic disorder which reduces women’s quality of life. Evidence regarding the
association between dietary patterns (DPs) and PMS is rare. The study aimed to
determine the relationship between dietary patterns and PMS.

Design: The case-control study was conducted among women with confirmed PMS
and healthy individuals recruited from healthcare centres.

Setting: Dietary data were collected using a validated semi-quantitative food
frequency questionnaire and DPs were derived using principal component
analysis. The association between DPs and likelihood of PMS was determined
using logistic regression.

Participants: In total, 225 women with PMS and 334 healthy participants aged
20~46 years took part in the study.

Results: Three major DPs were identified: () ‘western DP’ characterized by high
intake of fast foods, soft drink, and processed meats; (i) ‘traditional DP’ in which
eggs, tomato sauce, fruits, and red meat were highly loaded; and (iii) ‘healthy DP’
high in dried fruits, condiments and nuts. After taking all possible confounders into
account, individuals in the highest tertile of the western DP were more likely to
experience PMS (odds ratio (OR) =1:49; 95% CI: 1-01, 3:52), P<0-001), whilst
both healthy and traditional DP was inversely associated with the syndrome
(OR=0-31; 95% CI: 0-17, 0-72, P=0-02; OR=0-33; 95 % CI: 0-14, 0-77, P=0-01,
respectively).

Conclusion: The western dietary patterns were positively associated with PMS,
whilst the healthy and traditional dietary patterns were inversely associated with
it. Further longitudinal studies are required to confirm our findings.
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Premenstrual syndrome (PMS) is a common cyclic psycho-
logical and somatic disorder affecting a large number of
women, which consistently occurs during the luteal phase
of the menstrual cycle'”. It is characterized by emotional,
behavioural and physical symptoms and can manifest with
a wide variety of symptoms, including depression, mood
liability, irritability, breast tenderness and sleep disturb-
ances?. It has been indicated that 47-8 % of women are
diagnosed with PMS and the highest prevalence has been
reported from Iran, approximately 98% (95% CI: 97,
100)®. The high prevalence and great impact on quality
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of life of the women affected leaves PMS as an unresolved
yet important issue in women’s health. The pathology of
PMS has not yet been fully-understood. It is proposed
that the PMS results from ovulation and may be due to
ovarian steroid interactions relating to neurotransmitter
dysfunction”. The potential contributors include central
nervous system (CNS) sensitivity to reproductive hor-
mones, genetic background, nutritional indices and
psychosocial factors®. In this regard, nutritional factors
are the most modifiable parameters that can be taken into
account as a strategy in PMS management.
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Little information is available regarding particular
nutrients, foods or dietary patterns that might be associated
with this syndrome. It seems that the excess or deficiency
of certain nutrients might be due to hormonal and
neurotransmitter imbalances®. Furthermore, certain foods,
such as vegetables, and dietary patterns including low-fat
and high-fibre diets are related to decreased plasma
oestrogen level and the duration of premenstrual symp-
toms"”. Furthermore, studies assessing food-intake have
revealed that the excess consumption of sweet-tasting food
items, fast foods, deep-fried meals, coffee and alcohol are
significantly related to the development of PMS®.

According to our knowledge, studies regarding the asso-
ciation of empirically derived dietary patterns and the risk
of PMS are limited. Conceptually, assessing the association
between dietary patterns and the likelihood of PMS is very
close to reality, because foods are consumed as part of a
whole diet. On the other hand, dietary patterns might be
different based on cultures, geography and beliefs of
different populations®?. Limited data are available regard-
ing the association between major dietary patterns and risk
of PMS in Middle Eastern countries’?’. The purpose of the
current study was to investigate the association between
major dietary patterns and premenstrual syndrome among
Iranian women aged 20—45 years in the context of a case-
control study.

Methods

Study population

The current case-control study was conducted among
women with PMS and healthy women as a control group
referring to health centres in 2017. The study population
consisted of 225 women with PMS and 334 healthy controls
aged 20-45 years. The PMS patients included in the present
study were those with confirmed diagnosis of moderate/
severe PMS using the Premenstrual Symptoms Screening
Tool (PSST), Body Mass Index (BMD less than 39-9 kg/m?,
without specific habits such as smoking, alcoholism,
any chronic disease, specific diet, medication therapy or
vitamins and minerals supplementation. On the other hand,
participants who did not respond to more than 35 items of
the Food Frequency Questionnaire (FFQ) or reported total
daily energy intake outside the range of 3347-17 572KkJ
(800-4200 kcal) were excluded from the analysis. The
control group consisted of age-matched women without
premenstrual symptoms according to the PSST question-
naire. Similar exclusion criteria applied for the PMS case
were used for the control group.

Written informed consent was completed for each indi-
vidual. The study protocol was approved by the regional bio-
ethics committee (Project number: 395518, Ethical approve
number: IRMULREC.1395.3.518). This study is reported
based on Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines™.
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Data collection

Dietary intake assessment

Dietary intake was assessed using a validated, self-admin-
istered, semi-quantitative food-frequency questionnaire
(FFQ). Participants reported the frequency of 168 different
food and beverage items consumed during the last
year. The reliability and validity of the FFQ has been
previously reported in the Iranian population?. Trained
nutritionists filled in the FFQ through face-to-face inter-
views. Participants were requested to report the frequency
of usual food items consumed in the preceding year on a
daily, weekly or monthly basis, considering the standard
portion size for each food item. The frequency of foods
consumed was converted to gram per day using standard
household measures. Subsequently, energy and macro
and micronutrient intake was determined using the US
Department of Agriculture food composition database
using the Nutritionist IV programme. We categorized the
food items into 36 predefined food groups in order to
derive the dietary patterns (Table 1).

Case confirmation
In the current study, PMS was confirmed by the Premen-
strual Symptoms Screening Tool (PSST) questionnaire.
This tool is a simple, user-friendly screening tool with high
reliability and wvalidity for identifying women with
Premenstrual Syndrome (PMS)'® and comprises nineteen
items subdivided into two domains: the first domain con-
sists of fourteen items related to premenstrual symptoms,
whilst the second domain is composed of five items that
assess the functional impact of premenstrual symptoms.
In order to capture the criteria of premenstrual
symptoms, the following question was asked ‘Do you
experience some or any of the following premenstrual
symptoms, which start before your period and stop within
a few days of bleeding?” The symptoms listed were anger/
irritability, anxiety/tension, tearful, depressed mood/hope-
lessness, decreased interest at work, decreased interest at
home, decreased interest in social activities, difficulty in
concentrating, fatigue/lack of energy, overeating/food
cravings, insomnia, hypersomnia, feeling overwhelmed,
and physical symptoms (breast tenderness, headaches,
joint/muscle pain, bloating, weight gain). In order to assess
the functional impact of the premenstrual symptoms,
women were asked ‘Have your symptoms interfered with
the following five domains: relationship with your family,
work efficiency or productivity, relationship with co-workers,
social life activities or home responsibilities’™®. Each item
was rated according to a 4-point Likert scale (0= absent;
1=mild; 2=moderate; 3 =severe). In order to detect
moderate to severe PMS, the following three conditions must
have qualified. (1) From items 1 to 4, at least one of them
must be moderate or severe. (2) At least four items of 1 to
14 should be moderate or severe. (3) In addition to the
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Table 1 Food groups used in the principal component analysis

Food groups

Subgroups

Processed meat
Red meat
Organ meats

Fish

Skinless poultry
Poultry-skin
Eggs

Low fat dairy
High fat diary
Yogurt drink
Soft drink
Tea

Coffee

Fruits

Natural juices
Canned fruits

Sausage, Kielbasa

Lamp, Beef, Ground meat

Heart, Liver and Kidney, (Beef) Lamb-tongue, (Beef) Lamb-brain, (Beef) Lamb tripe, Meat of sheep head,
Leg of lamb

Fish, Canned fish

Chicken no skin

Chicken with skin

Egg

Low fat milk, Without fat milk, Yogurt, Kashk, Cheese

Milk high fat, Cocoa milk, Chocolate milk, Yogurt-plain-whole milk, Cream, Ice cream, Cheese-cream

Doogh*

Soft drink

Tea

Coffee

Cantaloupe, Melon, Watermelon, Pear, Apricot, Cherry, Apple, Peach, Nectarine plum, Fig, Grape, Kiwi,
Grapefruit, Orange, Persimmon, Tangerine, Pomegranate, Date, Black cherry, Strawberry, Banana, Sweet
lemon, Lemon Cranberry, Pineapple, Raisin, Mulberry

Grapefruit juice, Orange juice, Apple juice, Melon juice

Canned fruits, Canned pineapple
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Dried fruits Dried fig, Dried peach, Dried apricot, Dried mulberry

Vegetables Pea, String Bean, vegetable, Pumpkin, Squash, Eggplant, Celery, Cucumber, Lettuce, Tomato, Cauliflower,
Sweet peppers, Raw, Raw carrot, Cooked carrot, Raw onion, Fried onion, Cabbage, Mushroom, Maize
spinach, Cooked spinach, Turnip, Cooked

Nuts Seeds, Walnuts pistachios, Hazelnuts, Aimonds. (Pumpkin, Sunflower, Watermelon)

Legumes Lentils, Beans, Chick pea, Broad bean, Soya, Bean-mung, Pea

Whole grains Barbari bread, Sangak bread, Taftoon bread, Cooked barley, Oat

Refined grains Lavash bread, Baguettes, Toast, Rice, Spaghetti Vermicelli, Pasta, Wheat flour, Biscuits,

Fast foods Fried potato, Hamburger, Pizza

Mayonnaise Mayonnaise

Tomato sauce
Crackers, Cheese puffs, Chips
Olive seed, Olive oil

Tomato sauce

Salty snacks

Olive
Sugar-sweets-desserts
Hydrogenated fats

Vegetables oils Vegetable oil

Potato Cooked potato

Garlic Garlic

Condiments Juice lime, Pepper black
Salt Salt

Pickles Pickles

Broth Broth

Cake, Sugar, Honey, Jam, Sweets, Gaz, Candy Sohan, Chocolate, Caramel, Halva, Donuts,
Solid oil, Fat animal, Animal oil, Butter, Margarine

*Doogh is a cold yogurt-based beverage.

previous conditions, among the last five items, at least one of
them must be moderate or severe.

Assessment of other variables

Other required information such as age (years), marital sta-
tus (married/single or widow), education (lower than
diploma/diploma (12 years of formal education)/Basic
Sciences/post-graduate education), socio-economic status
and medication use were obtained using a pretested
questionnaire.

Socio-economic status (SES) of the study participants
was evaluated based on the following binary variables:
education level of both subjects and the family head (aca-
demic/non-academic), job of both subjects and the family
head (yes/no), family size (fewer than 4/higher than 4),
having a car (yes/no), home status (the owner/tenant),
and having foreign travel (yes/no) by using self-reported
questionnaire, and then a total score was calculated.

0.1017/51368980019002192 Published online by Cambridge University Press

Furthermore, physical activity was examined using the
International Physical Activity Questionnaire (IPAQ) and
expressed as metabolic equivalent-min/week. The validity
and reliability of IPAQ has been previously determined™®.
Participants were asked to recall their type of physical activ-
ity and its intensity as well as the duration of activity for the
past 7d. To estimate total daily physical activity level,
respective metabolic equivalents (MET) values (for instance,
walking = 3-3, moderate-intensity activity = 4-0, vigorous-
intensity activity =8-0) were multiplied by duration
time (min), and then summed. Data obtained from the
physical activity questionnaire were expressed as daily meta-
bolic equivalents (MET-min/d). Afterwards, continuous val-
ues were categorized into high, moderate, and mild levels©©.

Participants’ weights were measured using a balanced
digital scale (SECA, Model no: 710, Germany) to the nearest
0-05 kg. Height was recorded using a wall-mounted tape-
meter. Height was measured in a standing position with
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a tape measure to the nearest 0-5 cm in the normal position.
Participant’s weight and height were measured with light
clothing and barefoot. Body max index was calculated as
weight (kg) divided by the square of height (m?). Hip cir-
cumference was measured with a tape measure to the near-
est 1 mm at the widest point between hip and buttock.
Waist circumference was also measured to the nearest
1 mm at the midway level between the lower rib margin
and the iliac crest using a steel tape measure, and waist—
hip ratio (WHR) was estimated by dividing waist circumfer-
ence (cm) to hip circumference (cm).

Statistical analysis

Exploratory factor analysis with Principal component
analysis (PCA) as the extraction method was used for
extracting the dietary patterns from 36 food groups con-
sumed. Factor analysis is a statistical method used to
describe variability among observed, correlated variables
(in the current study, food groups) in terms of a potentially
lower number of unobserved variables, called factors (in
this study; dietary patterns). Factor analysis searches for
such joint variations in response to unobserved latent var-
iables (dietary pattern). The observed variables (food
groups) are modelled as linear combinations of the poten-
tial factors, plus ‘error’ terms™?.

Scree plot and eigenvalue greater than 1-5 was used for
determining the appropriate number of factors. An
orthogonal rotation method — i.e. Varimax — was used for
improving the interpretability of extracted factors. Finally,
three factors were considered as the major dietary patterns
and were labelled based on the interpretation of the highly
loaded food groups in each factor. For each participant, fac-
tor scores of dietary patterns were calculated by using a
regression method in which, by summing the intake of
food groups weighted by factor loading, each participant
received a factor score for each identified dietary
pattern. KMO and Bartlett’s tests were used to evaluate
the adequacy of sample size and the applicability factor
analysis method on our data. Participants were categorized
into tertiles based on each dietary pattern’s score. To assess
the association between dietary patterns and the chance for
developing PMS, the binary logistic regression was used in
crude and different multivariable adjusted models. An
adjustment for age, marital status, education and socio-
economic status (SES) was done in the first model.
Further adjustments were conducted for BMI and physical
activity in the second model. Energy plus those factors
mentioned in the second model were further adjusted in
the third model. The first tertile of the dietary patterns
scores was considered as the reference category in the
logistic regression models.

Quantitative data were compared between case and
control groups and across tertiles of dietary patterns using
independent t-test, one-way ANOVA and the analysis of
covariance (ANCOVA) with Bonferroni correction. The
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Chi-square test was also used for comparing categorical
data between the case and control groups. Statistical analy-
ses were performed using statistical package for social sci-
ences (SPSS) software version 16.0 (SPSS Inc., Chicago, IL,
USA). Also, P-values less than 0-05 was considered sta-
tistically significant.

Result

Major dietary patterns

The three major dietary patterns identified according to the
factor loading are (Table 2): () ‘western dietary pattern’,
which was highly loaded by fast foods, soft drinks, proc-
essed meats, salt, salty snacks, sugar-sweets-desserts,
organ meat, broth, poultry-skin, hydrogenated fats, mayon-
naise, high fat diary, vegetables oil, tea and red meat; (i)
‘traditional dietary pattern’, which was high in eggs, tomato
sauce, fruits, red meats, refined grains, vegetables, pickles,
coffee, natural juices, mayonnaise, skinless poultry, vege-
tables oils, salty snacks, whole grains and high fat diary;
(iiD) ‘healthy dietary pattern’, which was high in dried fruits,
condiments, nuts, canned fruits, legumes, vegetables,

Table 2 Factor loadings matrix for dietary patterns identified by
using factor-analysis

Western Healthy Traditional

Food groups pattern pattern pattern
Fast foods 0-71 - -
Soft drink 0-68 - -
Processed meats 0-67 - -
Salt 0-54 - -
Salty snacks 0-52 - 0-22
Sugar-sweets-desserts 0-5 - -
Organ meats 0-49 - -
Poultry-skin 0-44 - 0-24
Broth 0-44 - -
Mayonnaise 0-43 - 0-3
Hydrogenated fats 0-43 - -
High fat diary 0-26 - 0.2
Vegetables oils 0-25 - 0.22
Tea 0-2 - 0-18
Red meats - - 0-44
Fish - 0-3 -
Skinless poultry - - 0-25
Eggs - - 0-57
Yogurt drink - 0-23 -
Coffee - - 0-35
Fruits - 0-36 0-46
Natural juices - 0-33 0-33
Canned fruits - 0-4 -
Dried fruits - 0-54 -
Vegetables - 0-39 0-4
Nuts - 0-48 -
Legumes - 0-39 -
Whole grains - - 0-21
Refined grains - - 0-42
Tomato sauce - - 0-53
Olive - 0-47 -
Potato - - 0-11
Garlic - 0-38 -
Condiments - 0-52 -
Pickles - 0-26 0-36

Loading factors less than 0-2 are not reported for simplicity.
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Table 3 General characteristics of participants with and without premenstrual syndrome
Controls (n 334) Cases (n 225)

Variables Mean SD % Mean SD % P-value*
Age (year) 28-90 6-92 27-96 6-22 0-09
Body mass index (kg/m?) 22.04 2.54 24-80 2.57 <0-001
Waist-circumference (cm) 78-41 7-34 85-39 9-04 <0-001
Hip-circumference (cm) 101-06 7-76 109-47 9-90 <0-001
Waist to hip ratio 0-77 0-07 0-78 0-06 0-58
Physical activity (MET-min/week) 1806-97 1459.-64 403-18 334-50 <0-001
Socio-economic status (score) 312 143 3-36 1-40 0-05
Marital status

Married 180 53-9 86 38-3

Widowed/Divorced 11 33 30 133 <0-001

Single 143 42-8 109 484
Education

Lower than diploma 38 114 15 6.7

High school diploma (12 year of formal education) 100 299 52 321 0-04

Bachelor of sciences 136 40-7 111 49.3

Postgraduate 60 18 47 209

Values are presented as mean + standard deviation (sp) for continuous and number (%) for categorical variables.
*Resulted from independent samples t-test for quantitative variables and chi-square test for categorical data.

garlic, fruits, natural juices, fish, pickles and yogurt drink. In
total, the identified dietary patterns explained 44-8 % of
dietary food intakes in this population.

General characteristics and dietary intake of
participants

According to the exclusion criteria, 559 subjects (225 cases
and 334 controls) remained for the current analysis. The
general characteristics of the study population are shown
in Table 3. Individuals in the case group were more likely
to be overweight, single, and highly educated, compared
with those in the control group. Also, they had greater
waist-circumference and hip-circumference and less physi-
cal activity (P < 0-05).

The comparison of the demographic and lifestyle factors
of the study population in different levels of the three major
dietary patterns is summarized in Table 4. Distribution of
participants in terms of age, weight, physical activity level,
waist, hip, WHR, BMI, SES marital status and education was
significantly different across western dietary pattern cat-
egories. In addition, there were significant differences in
WHR, physical activity, marital status and education in
the healthy dietary pattern category. Furthermore, across
different levels of the traditional dietary pattern, partici-
pants were significantly different according to age, weight,
waist, hip, WHR, BMI and marital status (P < 0-05). In com-
parison to those in the lowest tertile, individuals in the high-
est tertile of the western dietary pattern were younger, and
had higher mean BMI, waist-circumference, hip-circumfer-
ence and less physical activity. Comparison of food items in
the healthy dietary pattern showed that individuals in the
highest tertile were more likely to have physical activity
and less WHR. Furthermore, individuals with the highest
adherence to traditional dietary pattern were older, and

0.1017/51368980019002192 Published online by Cambridge University Press

had higher BMI, waist-circumference, hip-circumference
and WHR (P<0-:05). Also, 81-4% of participants with
PMS and 18:6 % of healthy subjects were adherent to the
western dietary pattern (P < 0-05).

Table 5 illustrates the comparison of macro and micro-
nutrients intake in different categories of major dietary pat-
terns. Greater adherence compared with lower adherence
to western dietary pattern was significantly associated with
higher intake of energy, fat, saturated fatty acid (SFA),
MUFA, PUFA, linoleic fatty acid, linolenic fatty acid, oleic
fatty acid and Vitamin E, and lower intake of iron,
Calcium, Magnesium, Vitamin B1, Vitamin B6, Folate,
Vitamin C, and Vitamin D. In addition, participants in the
different tertiles of the healthy dietary pattern had signifi-
cantly different intakes of energy, fat, MUFA, PUFA, linoleic
fatty acid, linolenic fatty acid, oleic fatty acid, DHA, Iron,
Calcium, Vitamin E, Vitamin B6, Vitamin C, and Vitamin D.

A similar comparison of nutrients intake in the tradi-
tional dietary pattern category showed a prominent differ-
ence in terms of energy, fat, SFA, MUFA, PUFA, linoleic fatty
acid, linolenic fatty acid, oleic fatty acid, Magnesium,
Vitamin E, Vitamin B6, Vitamin C and Vitamin D intake.

The relationship between dietary patterns and
PMS

Crude and multivariable adjusted odds ratio with 95 % CI
are represented in Table 6. In all fitted models, the lowest
categories of adherence to dietary patterns (tertile 1) was
defined as the reference. Those in the top tertile of adher-
ence to western dietary pattern had significantly, 1-77 times,
more chance of developing PMS compared with those
in the bottom tertile of the crude model (OR: 1-77;
95% CI: 1-05, 2:93). After adjusting for potential important
confounding variables, there was a positive significant
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Table 4 General characteristics of the study participants across tertiles of the major dietary patterns
Western dietary pattern Healthy dietary pattern Traditional dietary pattern
™ T2 T3 T T2 T3 T T2 T3
Variable Mean SD % Mean sbD % Mean sD % P Mean sD % Mean sD % Mean sD % P* Mean sb % Mean sD % Mean sbD % P
Age (year) 2980 714 2863 6-78 2715 5.84 <0-001  29-02 7-05 2822 6-30 28-33 669 0-46 28-03 616 2756 6-68 2998 6-97 0-001
Weight (Kg) 59.52 8.67 60-36 8-43 64.93 8-16 <0-001 61.27 923 61.95 8-64 61.58 835 0.75 5879 874 6253 8-31 63.49 8-49 0-001
Body mass index (kg/m?) 22.37 2.88 22.77 282 24.34 2.58 <0-001 23-18 3-18 2331 2.75 23 270 0-59 22:26 2.82 23-.33 259 23-89 2:99 <0-001
Waist-circumference (cm) 7943 8-61 80-68 8-61 83-66 8-59 <0-001 8228 9.50 8119 8.65 8023 8.04 0-10 78-66 8-19 81.31 8.27 838 9-10 <0-001
Hip-circumference (cm) 101-34 7-88 102.73 8-68 109-53 9.94 <0-001 103:79 10-19 10484 925 10498 921 043 102.74 8-83 10521 965 10565 9-94 0-007
Waist to hip ratio 078  0-08 0-78 0-06 0-76 0-04 0-002 079 0-08 0-77 0-06 076  0-05 <0-001 0-76 0-07 0-77 0-06 079 0-06 <0-001
Physical activity 1286-64 1234 1635-53 1421 738-22 1116 <0-001 1103-68 1103 978-45 1181 157726 1545 <0-001 132223 1279 123976 1335 1098-59 1325 0-25
(MET-min/week)
Socio economic status 3:42 1.43 285 1-38 3-37 139 <0-001 301 1.37 3:30 1.52 3:35 1.35 0-05 310 144 324 145 3:32 1.37 0-34
Marital status
Married 101 555 91 497 68 372 0.007 90 495 74 40-4 96 52.:5 0-04 97 533 65 355 98 53.6 0-001
Widow 13 71 14 77 13 71 13 71 20 10-9 7 38 14 77 1 6 15 82
Single 68 374 78 426 102 55.7 79 434 89 48-6 80 43.7 7 39 107 585 70 38-3
Education
Lower than diploma 13 71 25 137 12 66 <0-001 18 99 24 131 8 4.4 <0-001 22 121 10 55 18 98 0-20
High school diploma 39 214 67 366 41 22:4 68 374 39 213 40 219 44 242 50 273 53 29
Basic sciences 85 467 64 35 96 52.5 71 39 84 45-9 90 492 82 451 91 497 72 393
Post graduate 45 247 27 14.8 34 186 25 137 36 197 45 246 34 187 32 175 40 219
Premenstrual syndrome
No 146 80-2 146 79-8 34 186 <0-001 105 57.7 93 50-8 128 69-9 <0-001 123 676 112 612 91 49.7  0-002
Yes 36 198 37 202 149 814 77 423 90 492 55 301 59 324 71 388 92 50-3

Values are presented as mean + standard deviation (sp) for continuous and number (%) for categorical variables.

*Result from Analysis of Variance for quantitative variables and chi-square test for categorical data.
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Table 5 Comparison of macro- and micro-nutrients intake across tertiles of major dietary patterns

Western dietary pattern Healthy dietary pattern Traditional dietary pattern
T T2 T3 T T2 T3 T T2 T3
Mean SE Mean SE Mean SE P* Mean SE Mean SE Mean SE P Mean SE Mean SE Mean SE P
Energy (kJ)t 894527 44.84 9338-69 4444 11 317.72 44.76  <0-001 928220 47.06 9656-67 4690 10665-01 46-89 <0-001 844277 41.92 9442.74 41.92 1167763 42-11  <0-001
Protein (g) 89.05 1.44 8158 1-41 77-08 149  <0-001 7951 1.45 8301 1.43 85-14 145 0-024 7842 1.52 8353 144 85.71 1.57 0-005
Carbohydrate (g) 360-07 3.87 354-40 3.78 31927 3:99 <0-001 352:63 3.97 336-80 3:93 344.27 3:98 0-018  346-47 415 332-83 3.93 354-36 4.30 0-001
Fat (g) 67-19 1.65 74.24 1.61 92.35 1.70  <0-001 75-02 1.76 81.56 1.74 77-08 1.77 0-031 79-09 1.83 82.83 1.74 71-93 1.90 <0-001
Saturated fatty acid (g) 21-31 0-83 24.03 0-81 2873 0-85 <0-001 24.88 0-83 25.97 0-83 23-24 0-84 0.07 24.62 0-87 26-61 0-83 22-86 0.91 0-011
Mono-unsaturated fatty acid (g) 21-14 0-54 23-94 0-52 29-28 0-55 <0-001 23-62 0-57 25-49 0-57 25-26 0-58 0-043 25.78 0-59 26-21 0-56 22-48 0-61  <0-001
Poly-unsaturated fatty acid (g) 15.22 0-54 17.27 0-53 23-26 0-56 <0-001 17-08 0-58 19-94 0-57 1874 0-58 0-002 18-67 0-60 20-22 0-57 16-88 0-63 0-001
Linoleic fatty acid (g) 18-39 0-56 19.76 0-55 23-33 058 <0-001 19:37 0.57 20-68 0-56 21.44 0.57 0-039 20-96 0-60 21.34 0-56 19:19 0-62 0-04
Linolenic fatty acid (g) 12.76 0-53 1501 0-52 20-71 054  <0-001 14.82 0-56 17-30 0-56 16-37 0-56 0-008 16-36 0-59 17.77 0-56 14.37 061  <0.-001
Eicosapentaenoic acid (g) 0.003 0.002 0-006 0-002 0-007 0-002 0455 0.007 0-002 0-007 0-002 0-002 0-002 0-167 0-004 0-002 0-006 0-002 0-006 0.002 0.733
Docosahexaenoic acid (g) 0.010 0-004 0-022 0-004 0-011 0.005 0-112 0.023 0-004 0-14 0.004 0-006 0-004 0-017 0-012 0-005 0-012 0-004 0-019 0.005 0-517
Iron (mg) 18-81 0-42 1942 0-41 16-75 0-44  <0-001 19-30 0-42 1728 0-41 18-40 0-42 0-003 1878 0-44 18:16 0-42 18-04 0-46 0-486
Calcium (mg) 1198-16 23-80 106390 23-25 736 2449 <0-001 94815 26-61 97673 26-34 1071-81 267 0-003 956-45 28-13 990-66 26-68 1049-62 29-15 0-096
Magnesium (mg) 348-21 18:96 399-53 18:53 26270 1951  <0-001 34816 19 31785 18-81 34442  19.07 0-463  400-25 1973 315-62 1871 294-85 20-44 0-001
Zink (mg) 11.25 0-28 11.04 027 10-35 0-28 0-082 1089 027 1063 027 11.12 0-27 0-46 11.12 0-28 11.01 0-27 10-52 0-30 0-354
Vitamin E (mg) 1013 0-60 861 0-59 17.75 062 <0-001 12.39 0-64 13-54 0-64 10-39 0-65 0-003 9.57 0.67 1382 0-63 12.92 069 <0.-001
Vitamin B4 (mg) 2.06 0.03 1.93 0.03 1.66 0-03 <0-001 1.95 0.03 1.85 0.03 1.84 0-03 0-059 1.87 0-03 1.83 0-03 1.94 0.03 0-106
Vitamin Bg (mg) 2:.07 0-04 1-89 0-04 163 0-04  <0-001 1.73 0-04 1.83 0-04 2-02 0-04 <0-001 1.73 0-04 1.84 0-04 2.01 004 <0-001
Folate (mcg) 37219 9-48 38917 9-26 31864 975 <0-001 375.03 9-49 345.54 9-:39 359-45 9-52 0-087 362-19 9-99 348-23 9-48 369-52 10-35 0-298
Vitamin B4, (mcg) 4-34 0.97 4.29 0-94 712 0-99 0-083 416 0-95 6-62 0-94 4.97 0-95 0-175 4-81 1.00 6-41 0-95 4.54 1.08 0-332
Vitamin C (mg) 201-42 8-46 176-80 8:26 88-70 870 <0-001 122.62 8:59 142.47 8:51 201-41 8:62 <0-001 144.29 9:30 141.05 8.82 181.27 9-64 0.007
Vitamin D (mcg) 2.74 012 1.72 012 1.76 013  <0-001 1.73 012 218 012 2.03 012 0-036 1.58 013 2.05 0-12 2:31 013 0.-001
Values are reported as means + standard errors (SES).
*P-values were obtained by using analysis of covariance; adjustment was made for age and energy intake.
TAdjusted for age.
Table 6 Crude and multivariable adjusted odds ratios (95 % CI for OR) premenstrual syndrome across tertiles of dietary patterns
Western dietary pattern Healthy dietary pattern Traditional dietary pattern

T1 T2 95% Cl T3 95% Cl Pfortrend T1 T2 95% Cl T3 95% ClI Pfortrend T1 T2 95% ClI T3 95 % Cl P for trend
Crude 1 102 061,171 177 1.05,293 <0-001 1 096 072129 043 031,058  <0-001 1 1.32 086,203 211 1.37,322 0.002
Model 1* 1 1.22 069,214 2:39 1.34,4.26 <0-001 1 115 075179 054 034,085 0002 1 127 081,200 225 143,355 0-001
Model 21 1 143 067,305 1.92 1.03,442 <0-001 1 093 048,180 059 029,117 0-205 1 0-58 0-29,1.16 096 0-47,1.97 0-222
Model 3f 1 1.36 063,294 149 1.01,352 <0-001 1 075 038,149 031 0-17,0.72 0.02 1 045 022,095 033 0-14,0.77 0-017

*Model 1: adjusted for age, marital status, education, and socio-economic status.
tModel 2: adjusted for age, marital status, education, socio-economic status, BMI and physical activity.
fModel 3: adjusted for age, marital status, education, socio-economic status, BMI, physical activity and energy intake.
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relationship observed between the chance of PMS and
adherence to western dietary pattern in the first model
(OR: 2:39; 95% CI: 1-34, 4-26), second model (OR: 1-92;
95 % CI: 1-03, 4-42), and after adjustment for all confounding
variables (OR: 1-49; 95 % CI: 1-01, 3-52).

On the contrary, individuals in the highest tertile of
adherence to healthy dietary pattern were 43 % less likely
to have odds of PMS compared with those in the lowest cat-
egory in the crude model (OR: 0-43; 95 % CI: 0-31, 0-58).
This association remained significant even after taking poten-
tial confounders into account in model 1 (OR: 0-54; 95 %
CI: 0:34, 0-85), and model 3 (OR: 0-31; 95 % CI: 0-17, 0-72).
But there was insignificant association in model 2 (OR:
0-59; 95 % CI: 0-29, 1.17).

Furthermore, a similar finding for traditional dietary pat-
tern was shown in the crude model (OR: 2:11; 95 % CI: 1-37,
3.22). In model 1, after adjustment for different confound-
ers, those in the top category had 2-25 times higher odds of
PMS (OR: 2:25; 95 % CI: 1-43, 3-55). However, these effects
were the reverse in model 2 (OR: 0-96; 95 % CI: 0-47, 1-97)
and model 3 after adjustment for all confounding variables
(OR: 0-:33; 95 % CI: 0-14, 0-77).

Discussion

In the current study three major dietary patterns including
western, healthy and traditional dietary habits were identi-
fied. Among the dietary patterns obtained, the western
dietary pattern — which was characterized by high loading
of fast foods, soft drink, processed meats, salt, salty snacks,
sugar-sweets-desserts, organ meat, broth, poultry-skin,
hydrogenated fats, mayonnaise, high fat diary, vegetables
oil, tea and red meat — was significantly associated with a
higher likelihood of PMS. In contrast, we found a significant
association between a healthy dietary pattern high in dried
fruits, condiments, nuts, canned fruits, legumes, vegeta-
bles, garlic, fruits, natural juices, fish, pickles and yogurt
drink and PMS in the multi-variable adjusted models. In
addition, individuals with highest adherence to the tradi-
tional dietary pattern high in eggs, tomato sauce, fruits,
red meats, refined grains, vegetables, pickles, coffee, natu-
ral juices, mayonnaise, skinless poultry, vegetables oils,
salty snacks, whole grains and high fat diary also had lower
odds for PMS.

Determining dietary patterns allows holistic identifica-
tion of diet and disease relations and provides further infor-
mation beyond associations found by the analysis of
individual foods and nutrients. To our knowledge, studies
evaluating the association of dietary patterns and PMS risk
are limited. Previous studies have mostly focused on the
relationship between particular foods or nutrients and
PMS. They have supported the positive relationship
between unhealthy food items, which are highly loaded
in the western dietary pattern, such as fast foods"®, and
sweet foods and beverages and PMS"®. In contrast, certain
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healthy food items such as fish might be inversely associ-
ated with PMS induced by athletic disturbance®®.
Likewise, specific nutrients such as omega-3 fatty acids
have been positively related to the relief of psychiatric
and somatic symptoms of PMS®?Y,

The results of the current study with 559 participants
demonstrated that habitual dietary patterns might contrib-
ute to the risk of PMS, despite the complex and vague
pathogenesis of PMS. Our findings are in concordance with
the results obtained from a previous study”, which found
that the western dietary pattern was associated with an
increased risk of PMS. However, it did not identify any
significant relationship between either the healthy or tradi-
tional dietary patterns and PMS. The emerging evidence
has found that higher adherence to the western dietary
pattern is associated with inadequate nutrient intake; on
the other hand, reports have revealed an association
between risk of PMS and low level of nutrients®??. The
western dietary pattern is also positively related to higher
level of inflammatory biomarkers, while healthy diets with
high antioxidant content, vitamins and phytochemicals
results in reduced inflammatory indices®»?*_ On the other
hand, PMS symptoms have been positively associated with
some inflammatory markers®”. Therefore, the effect of
western dietary pattern on the risk of PMS might be linked
to the induction of inflammation. In addition, the imbalance
of oxidant/antioxidant systems may be due to consumption
of an unhealthy diet, which eventually enhances the symp-
toms of PMS@?**” Moreover, adherence to unhealthy
dietary patterns might have obesogenic results®, which
may contribute to the development of PMS symptoms®”,

As mentioned before, the earlier study that evaluated the
relationship between dietary patterns and PMS did not
show any relationship between both the healthy or tradi-
tional dietary patterns and PMS. Participants in the top
tertile of the healthy eating plan were 57 % and 46 % less
likely to have odds of PMS compared with those in the bot-
tom tertile in the crude and first model, respectively.
Interestingly, such associations remained significant in
the third model. This finding highlights the beneficial role
of healthy food items associated with PMS symptoms.

In the current study, protective association of traditional
dietary pattern against PMS was also observed. Although
the traditional dietary pattern was shown to be a risk factor
for PMS in the crude model, this effect was reversed in the
final adjusted model. Therefore, it seems that adjusted fac-
tors have a higher contribution to the risk of PMS. Taken
together, despite a few unhealthy food items such as red
meat, the traditional dietary pattern could be considered
as a healthy diet for PMS development.

The current study has several strengths. Although stud-
ies examining the association between dietary patterns and
PMS are rare, the current study is one of the comprehensive
studies with a large number of participants in this
field. Second, subjects in this study were selected from
individuals referring to healthcare centres, with different
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socio-economic status. Thus, variability in women’s dietary
intakes could cover a wide range of eating habits. In addi-
tion, we were able to consider a wide range of confounders
for adjustment to reach an independent association in the
current study.

There are a number of limitations that should be taken
into account. Like all case-control studies, the inherent
methodological limitations of such studies make it impos-
sible to draw a causal link between dietary patterns and the
risk of PMS. Although case-control studies are efficient in
terms of studying the association between diet and disease,
the selection and recall biases of such study design must be
kept in mind. An additional concern is that women
diagnosed with PMS change their diet choices, and this
might change the risk estimates. Furthermore, although
we assessed energy-adjusted intake of all food groups
for extracting dietary pattern scores, the possibility of sub-
ject misclassification is unavoidable when using FFQ to
assess the long-term dietary intakes.

In conclusion, our results indicated that the western
dietary pattern — which includes fast foods, soft drink, proc-
essed meats, salt, salty snacks, sugar-sweets-desserts,
organ meat, broth, poultry-skin, hydrogenated fats, mayon-
naise, high fat diary, vegetables oil, tea and red meat —
might be associated with increased odds of PMS. In addi-
tion, a protective association of both healthy and traditional
dietary pattern against PMS was observed. This study pro-
vides important insights into the association between diet
and the risk of PMS, and shows that changing diet quality
and avoiding unhealthy diets might have desirable effects
in reducing the risk of PMS symptoms. However, further
studies are needed to confirm these associations and pro-
vide the evidence needed to translate these findings into
clinical practice.
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