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Abstract: Premenstrual syndrome (PMS) continues to impact the health outcomes and emotional well-being of
reproductive-age women, globally. Several studies have provided conflicting evidence concerning the role of
dietary approaches in improving PMS symptoms. Accordingly, this study aimed to evaluate the possible
influence of a healthy diet and motivational strategies on PMS symptoms and health-related quality of life
among Omani adolescents. This open-label, randomized, prospective controlled trial was conducted in two
randomly selected secondary schools, in Al Seeb Willayah, in Muscat region. Adolescents with PMS symptoms,
who were at grade 10 or 11, aged 16 years or above, had regular menstrual cycles and not known to have
psychiatric disorder, were included in this study. Participants in the intervention group received an individual
face-to-face dietary consultation and motivational phone consultation. The health outcomes, including the PMS
symptoms in both groups, and quality of life, were recorded via a daily record of severity of problems
questionnaire (DRSP) and the 14-item Self-Reporting-Based Perceived Stress Scale tools, respectively. The
primary outcome was the differences in the mean premenstrual symptom scores between the two groups.
Secondary outcomes included the quality of life and stress levels of participants. The study period was from 1
February and ended 30 June 2021. SPSS was used to analyze the data and intention-to-treat analysis was
utilized.A total of 72 adolescents with PMS were randomized to the intervention and control groups (n=36 each).
Both groups were similar at baseline (P-value>0.05). No significant association was found between healthy-diet
and PMS symptoms (P-value>0.05). In addition, no significant association was found between healthy-diet and
quality of life at follow-up (P-value=0.216). The outcomes of this study refuted any possible relationships
between healthy diet and PMS symptoms. Accordingly, dietary consultations may not facilitate the clinical
management of PMS symptoms in adolescent females.

Keywords: Premenstrual syndrome; adolescent gynecology; diet; health-related quality of life; motivational
follow-up; Perceived Stress Scores (PSS)

1. Introduction

Reproductive-age women experience a high risk and incidence of premenstrual syndrome (PMS)
and its deleterious complications [1]. It is an admixture of health complications that impact women's
physical and emotional well-being during the late luteal phase of their menstrual cycle and gradually
subside with the beginning of menstruation [2]. Substantial variations in the incidence and prevalence
of PMS were reported across the globe, possibly due to differences in diagnostic approaches,
including instrumentation [1]. A systematic review revealed that about 47.8% of women were affected
with PMS and the prevalence ranges from 12% in France to 98% in Iran [1-4]. The premenstrual
dysphoric disorder (PMDD) diagnostic parameters were observed and met in 3-8% of reproductive-
age women with PMS [5]. The PMS symptoms include irritability and anger that gradually aggravate
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and worsen six days before the initiation of the menstrual cycle [6]. The predominant clinical
manifestations of PMS include breast tenderness, abdominal bloating, social withdrawal, depression,
and anxiety [7]. The etiology of PMS is based on disturbances in the secretion and function of
neurotransmitters, including gamma-aminobutyric acid (GABA) and serotonin [8, 9]. The
contemporary literature provides evidence substantiating the adverse impact of PMS manifestations
on the daily living activities of reproductive-age women. For instance, at least one in three women
with PMS were unable to independently manage their daily living activities in the absence of
caretaker support [10]. In addition, data suggests the negative influence of PMS symptoms on the
academic performance of university-level female students [11]. Data further indicate a strong
correlation between psychiatric comorbidities and PMS manifestations; these comorbid conditions
majorly include somatoform disorder, anxiety, and depression [12]. Interestingly, PMS complicates
the period of puerperium and adds to the risk and incidence of depression [13]. Such association
advocates that these two conditions share similar feature of vulnerability to changes in female
gonadal hormones [12, 13].

Robust evidence supports the use of selective serotonin re-uptake inhibitors (SSRIs) as a first-
line treatment of PMS [14]. Data suggests that SSRIs are effective whether used during the luteal
phase or continuously [14]. However, side effects are frequent, with nausea and asthenia being the
most commonly described [14]. Several patient-reported surveys have revealed the non-
pharmacological treatment preferences of PMS-affected women, compared to medication-based
management [15]. Despite the notion of a positive health influence of dietary approaches on PMS
symptoms, the current evidence does not suffice for its inclusion in treatment prescriptions, in the
absence of pharmacological therapy [16]. Importantly, findings from a recent study revealed an
increased rate of negative affect and impaired performance with the higher consumption of
carbohydrates [17]. Contrarily, evidence also indicates a statistically insignificant association between
PMS symptom severity and consumption of a carbohydrate-rich diet [18]. Few studies have
demonstrated a significant change in the food consumption patterns of females before menstruation
and their high risk of PMS due to the higher intake of salts, saturated fat, carbohydrates, and sugar
[19, 20]. Although the American College of Obstetricians and Gynecologists advised women with
PMS to consume frequent small portions of complex carbohydrates and reduce the intake of sugar
and salt to help with reducing symptoms of PMS, such recommendation was based on limited
evidence [21]. Based on the contemporary evidence, this study hypothesizes the possible beneficial
role of a healthy, balanced diet in managing the clinical manifestations and overall health and
wellness of patients with PMS. This study aimed to investigate the role of face-to-face dietary
recommendation and the motivational follow-up protocol in minimizing the symptoms and
improving the health-related quality of life in adolescent females with PMS.

2. Materials and Methods

This is a prospective, open label, randomized controlled trial of two parallel groups. It was
conducted in two randomly selected secondary schools in Al Seeb Willayah, in Muscat region. The
consecutive sampling approach was used to recruit the study participants. The candidates who
qualified for the initial eligibility criteria were interviewed by the principal and co-principal
investigators. Subjects who had one symptom or more of PMS in accordance with the Diagnostic and
Statistical Manual of Mental Disorders Fifth Edition DSM5 [22], were advised to fill in the daily record
of severity of problems questionnaire (DRSP). As recommended by the DSM5, women were
instructed to fill in the DRSP for two consecutive months [22]. Then, those who fitted the criteria of
PMS were invited to participate in our study. The study was started on 1 February 2021 and ended
on 30 June 2021. The trial is registered with the WHO/Iranian

Registry of Clinical Trials # IRCT20201129049526N1.

Inclusion and exclusion criteria

Adolescents who were at grade 10 or 11, aged 16 years or above and had regular menstrual
cycles were included in this study. Exclusion criteria included those who were known to have
psychiatric disorder (such as depression, generalized anxiety disorder, post-traumatic stress disorder,
psychotic disorders), diabetes, and thyroid disease. In addition, those with a history of oral
contraceptive use, and those who were previously administered with or adhered to dietary
recommendations for PMS management or those who utilized herbal remedies were further excluded.
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Adolescents with a confirmed diagnosis of premenstrual dysphoric disorder (PMDD) were also
excluded and referred to the nearest local healthcare centre for urgent management by a well-trained
family physician.

Sample size

The sample size for the primary outcome was calculated based on difference in mean DRSP
scores for a two-group parallel clinical trial with equal allocation. The acceptable effect at which
superiority could be declared if there were a decrease in the summary DRSP score of six on the DRSP
tool in the intervention group compared to the control group was used. The true difference is thought
to be seven and the conservative estimate of expected standard deviation in the population in which
the trial is considered to be 1.5 resulting in effect at the size of 0.67. For a power of 80% and o of 5%,
the required sample size in each group is 28 subjects. Anticipating a dropout of 25%, the expected
sample size is 35 PMS subjects in each group. nMaster software was used for calculating the sample
size [23].

Recruitment and randomization

Consecutive sampling was used for the recruitment stage. Cluster randomization of schools was
carried to minimize contamination anticipated from recruiting subjects from the same school.
Notably, the study was conducted in two randomly selected secondary schools in Al Seeb Wilayat in
Muscat region. The participants in the intervention group (school A) and those in the control group
(school B) were recruited from two separate schools, which were located in different areas and were
maintained at an adequate distance from each other within Al Seeb Wilayat.

Treatment protocol

Participants in the intervention group received an individual face-to-face dietary consultation
by a well-experienced dietician, who educated the participants about the importance of healthy diet,
evaluated the baseline dietary habits of each participant and gave advice on how to modify them.
The food-based dietary guidelines (FBDs), customized for Omani adolescents, were used to generate
the healthy balanced diet recommendations for the participants [24]. These recommendations
included carbohydrates (330-450g), proteins (48-60g), fibres (19-48g), energy (2400Kcal), calcium (600-
960 mg), and salt (<5gm/day) [24]. Subjects were specifically advised to limit extra salt, caffeine and
sugar intake. Special weighted scoops were provided to each participant in order to estimate the
amount of specific food intake at certain meals (e.g., rice, pasta, etc.). Then, all the participants were
instructed to fill in an online form of their type and amount of food intake twice per week. The
dietician assessed the compliance to healthy diet and gave more advice where necessary. A
motivational phone consultation for each participant in the intervention group was carried out by the
principal and co-principal investigators once every two weeks throughout the study period. It
basically included motivating the participants to comply with the dietary advice given and explore
any challenges that they may have encountered which may impede their adherence. Moreover, one
parent was instructed by phone every two weeks to ensure the compliance of his/her daughter to
dietary advice. Subjects in the control group did not receive any dietary advice at baseline. However,
dietary counselling for each subject in the control group was provided at the end of the study by the
same dietician. Similar recommendations, regarding physical exercise, were provided to both
intervention and control groups at baseline.

Assessment approach

At baseline, the sociodemographic questionnaire was administered to both study groups, which
included basic sociodemographic features such as age, marital status, chronic conditions such as
thyroid disease, medications use, smoking, alcohol status and substance use. In addition, at baseline
and by the end of the study, the DRSP (Arabic version) was disseminated across participants of the
control and intervention groups. The DRSP tool is known for its high sensitivity, specificity, and
validity in calculating the PMS and PMDD incidence rates [25]. Moreover, it is a highly reliable
instrument based on its capacity to track PMS symptoms and their alterations during menstruation.
It is also known to evaluate treatment responses in PMS-affected patients [25]. A 24-item DRSP tool
collects data regarding overall impairment as well as physical and emotional symptoms. Each DRSP
item needs to be rated by the participants per day and is guided by a six-point scale to determine the
symptom severity. DRSP also collects data concerning the dates and duration of menstrual bleeding
[25]. PMDD is diagnosed if the women meet all of the following criteria: i) scores at least four in one
of more symptoms of depression (items 2—4), anxiety (item 5) , liability (item 6) and anger (items 7
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and 8) for two days or more before menses; ii) scores at least four in at least five of the symptoms
listed in items 9-22 for two days or more before menses; iii) scores at least four in at least one of the
three impairment items (items 23-25). If the woman does not meet one or more of the above criteria,
then she will be diagnosed as having PMS. Neither PMS nor PMDD will be diagnosed if the woman
denies any symptoms. The Arabic version of DRSP has been already validated and considered as a
sensitive and reliable tool [11]. Notably, as women will be diagnosed to have PMS based on their
response to DRSP over a two-month period, the second month’s response will be considered as the
baseline response. Difference in the mean value of DRSP during the one week before menses between
the two groups at the end of the study is considered as a primary outcome for this study.

Moreover, a PSS was filled by the participants at baseline and by the end of the study. It is a self-
reporting instrument that assesses the degree to which the individual perceives his/her situation as
stressful [26]. It consists of 14 items related to the thoughts and feelings a person had during the last
month. The Arabic version has already been validated [27] and the differences in mean score between
the two groups at the end of the study will be considered as the secondary outcome of this study.
Supplementary figure 1 presents the screening and the randomization processes, while
supplementary figure 2 illustrates the study procedures and equipment.

Statistical analysis:

The trial was reported using the intention-to-treat analysis method. The difference in the DRSP
scores (primary outcome) and PSS scores (secondary outcomes) from baseline to the end of
intervention was compared between randomized groups using analysis of covariance (ANCOVA),
and differences in scores reported as adjusted mean differences and 95% confidence intervals (i.e.,
adjusted for the baseline score as the covariate). Categorical outcomes were compared between
groups using Chi-square tests. All tests were two-tailed and a p value less than 0.05 was considered
statistically significant.

3. Results

The screening process was initiated after the initial interviews of candidates by the principal and
co-principal investigators (Figure 1).
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having one symptom or more of
PASS (2=180)

Declined to participate (a=26)
. Lack of time (2=19)
Inability to comply withstudy
procedures (2=7)

154 students were invited to fill inDRSP
for two consecutive momths

98 students were found tohave PMS

Excluded (2=26):
- PADD (a=13)
Declined to participate (a=13)

|
Randomized (n=72)
\l ]

v
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Follow up

|

«  Lostto follow-up of primary outcome (n=0)
«  Lostto followup of secondary outcomes (a=0)

«  Lostto follow-up of primary outcome (2=0)
*  Lostto followup of secondary outcomes (2=0)

Primary outcome: 3636 Primary outcome: 36/36
Secondary outcome: 3636 Secondary outcome: 363§

Figure 1. Flow chart.

Ninety participants from each school were notified and invited to register and participate in the
screening process (n=180). However, 26 students (12 from school A and 14 from school B) did not
provide their consent for the screening process, due to time constraints and unwillingness to adhere
to the study protocols. These were subsequently excluded. In addition, PMS was confirmed in 48
school A and 50 school B students, following their DRSP inputs for two consecutive months. Six
students from school A and seven from school B were diagnosed with PMDD and were referred to
the nearest local health centre. Finally, 42 and 43 students from school A and school B, respectively,
were found to be eligible to participate in this randomized controlled study. Furthermore, six
students from school A and seven from school B could not participate in the study due to a time
deficit. Eventually, 36 students from school A and equal numbers from school B were categorized
into the control and intervention groups, respectively. No loss to follow-up was reported within the
study tenure.

Table 1 presents the baseline attributes of both intervention and control groups (n=36, each); their
comparative analysis revealed no statistically significant differences (all p>0.05). Additionally, no
statistically significant differences between the study groups were reported for menstrual cycle length
(p=0.493), bleeding amount (p=0.326), dysmenorrhea (p=0.54), and absenteeism from school (p=0.430).
No statistically significant differences between the study groups were reported for the dietary intake
variables, including fish, legumes, vegetables, fruits, refined carbohydrate-rich diet, sugar, caffeine,
carbonated drinks, chocolate and related food items, and fat-rich diets (all p>0.05). Differences in
other variables, including mother’s education, father’s education, and exercise also lacked statistical
significance (all p>0.5).
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Control Intervention
(n=36) (n=36) p-value
Mean (SD) Mean (SD)
Age 1592 (0.44)  15.97 (0.38) 0.566
BMI 20.80 (3.22)  21.17(3.71) 0.661
Age at 1256 (0.77)  12.26 (1.36) 0257
menarche
Family size 5.09 (1.98) 5.65 (3.08) 0.377
Depressive
symptoms  79.06 (29.77)  79.62 (26.61) 0.932
@baseline
Physical
symptoms  50.94 (17.96) 49.86 (17.79) 0.797
DRSP @baseline
Anger and
Irritability  29.67 (12.53)  27.78 (11.05) 0.498
@baseline
Total 326.86
@baseline (111.10) 321.08 (100.35)  0.816
PSS PSS .at 28.03 (7.69)  27.44 (7.81) 0.750
baseline

The Analysis of Covariance (ANCOVA) of subsections (depressive symptoms; physical
symptoms and anger and irritability) and also the total scores of Daily Record of Severity of Problems
questionnaire (DRSP) in the two groups (Table 2) revealed no significant differences at the end of the
first and second month’s follow-ups, as compared to the baseline scores (all p >0.05) (Table 2).

Table 2. Analysis of Covariance (ANCOVA) of subsections and total scores of Daily Record of Severity of
Problems questionnaire (DRSP).

Control Intervention p-value
Depressive symptoms @baseline 79.06 (29.77) 79.62 (26.61)
Depressive symptoms @1 month 73.58 (4.05) 71.68 (4.17) 0.744 *
Depressive symptoms @2 months 74.24 (3.68) 65.59 (3.75) 0.103 **

Physical symptoms @baseline 50.94 (17.96) 49.86 (17.79)

Physical symptoms @1 month 46.43 (2.81) 49.42 (2.90) 0.462 *
Physical symptoms @ 2 months 47.46 (2.72) 45.90 (2.80) 0.691 **
Anger and Irritability @baseline 29.67 (12.53) 27.78 (11.05)

Anger and Irritability @1 month 26.27 (1.54) 25.78 (1.59) 0.825 *
Anger and Irritability @2 months 26.16 (1.45) 23.56 (1.50) 0.218 **
Total @baseline 326.86 (111.10) 321.08 (100.35)
Total @1 month 295.32 (14.99) 292.36 (15.42) 0.891 *
Total @2 months 298.23 (13.26) 268.55 (13.64) 0.124 **

* Change from baseline to end of 1 month

** Change from baseline to end of 2 months
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With regards to the PSS outcomes at baseline and after two months between the control and
intervention groups; the findings were also devoid of any statistically significant change (p=0.216)

(Table 3).

Table 3. Analysis of Covariance (ANCOVA) of Perceived Stress Scores (PSS).

Control Intervention p-value
PSS @baseline 28.03 (7.69) 27.44 (7.81)
PSS @ 2 months 26.42 (0.671) 27.61 (0.67) 0.216 **

** Change from baseline to end of 2 months.

4. Discussion

Our study revealed no significant association between healthy and well-balanced dietary intake
and symptoms of premenstrual syndrome based on the daily record of severity of problems
questionnaire (DRSP). Additionally, no significant association was found between a healthy diet in
adolescents with premenstrual syndrome, and quality of life as measured by the PSS.

Our results support the outcomes of several studies that demonstrate an insignificant
relationship between PMS symptoms and carbohydrate intake [18, 28]. Furthermore, evidence
refuted any significant association between PMS and fat intake, including
trans/polyunsaturated/monounsaturated fats [29]. However, findings from some studies predicted
the possible role of saturated fat in minimizing PMS predisposition in women [29, 30]. Outcomes
from some other studies further negate any significant relationship between PMS risk and total
protein/amino acid intake in females [31]. Besides, few studies demonstrate an inverse relationship
between PMS symptoms and high coffee consumption or increased carbohydrate intake [32, 33].

Findings from a UAE-based study by Hashim et al. advocated the detrimental effects of salt-
based diets, high sugar intake, fat-based food intake, high-calorie diets, and smoking on physical
symptoms of PMS [19]. Alternatively, they revealed a statistically significant inverse relationship
between PMS-related behavioural symptoms and fruit consumption. Another Korea-based cross-
sectional study revealed no significant relationship between PMS risk and consumption of alcohol,
meat, or traditional diets [34]. A recent review paper by Simini and Turcanu provided substantial
evidence indicating no statistically significant association between PMS and the intake of
macronutrients, including fibres, carbohydrates, fat, and proteins [30]. Contrarily, the outcomes
indicate the impact of micronutrients on PMS symptoms; these micronutrients include herbal
supplements, vitamin B complex, vitamin D, magnesium, and calcium [30]. Another qualitative study
by Quaglia et al. indicated a strong association between PMS symptom burden and total energy
intake, based on food items, including micro/macronutrients [35]. Overall, most studies in the
literature supported our findings concerning the absence of a statistically significant relationship
between PMS symptoms and a healthy, balanced diet.

The pathology of PMS and the diversity of its symptoms appear to impact these results, which
require further evaluation via prospective studies. To date, no clinical study can explain and elaborate
on the multifactorial symptomatology of PMS [36]. Rare evidence is available on the possible impact
of psychosocial complications and hormonal imbalances on PMS symptoms, including their severity,
risk, and incidence. The pathophysiology of PMS is based on the activity of catecholamine, serotonin,
opioids, GABA, and progesterone [37]. Importantly, increased progesterone sensitivity with a
preexisting serotonin deficiency is also considered responsible for PMS symptom severity [37]. Other
potential PMS-triggering factors include genetic factors, electrolyte deficiency, insulin resistance,
improper hypothalamic—pituitary—adrenal axis activity, abnormal glucose metabolism, and elevated
prolactin. The sympathetic activity, amplified by the stress levels potentiates uterine contraction,
which eventually increases the severity and frequency of menstrual pain [37]. Several comorbid
conditions, including hyperprolactinemia and Cushing syndrome, disturb the normal levels of
cortisol, thyroid stimulating hormone, estradiol, and follicular stimulating hormone in women,
thereby predisposing them to PMS [38].

Limitations

This study has some limitations. Firstly, the small sample size impacts the generalizability of the
findings. In addition, the lack of blinding despite its randomized controlled design increases the risk
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of selection bias. Moreover, the use of self-reported questionnaires might have further impacted the
reliability of results. Lastly, the lack of an objective scale to measure the adherence to dietary advice
might have a negative impact on the final results.

Recommendations

Despite that a variety of cross-sectional studies to date have evaluated the relationships between
PMS and dietary patterns, the paucity of evidence substantiated the need to conduct prospective
randomized studies with larger sample sizes to understand the potential factors impacting the PMS
manifestations. These randomized studies should also explore the possible role of geographical
variations and culture-based diets on PMS progression and its clinical manifestations in adolescent
and adult females. Clinical trials should further explore the interactions between diets and
medications and their possible influence on PMS development in females of various age groups.

5. Conclusions

The overall findings from this study revealed a nonsignificant association between healthy
balanced diet, motivational follow-ups, and PMS symptom improvements. Although our research
did not find statistically significant results supporting the effectiveness of dietary modifications and
motivational support as treatments for PMS, it is crucial to recognize the study's limitations, including
the small sample size. Future prospective studies with larger and more diverse sample sizes are
needed to allow for a more robust analysis of the relationships between dietary habits, motivational
interventions, and PMS symptomatology.
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