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Introduction

Premenstrual syndrome (PMS) is a common disorder that af-
fects millions of women of reproductive age worldwide [1]. 
PMS is a series of physical symptoms (e.g., edema, weight 
gain, mastalgia, headache, nasal obstruction, and paresthe-
sia) and psychological complaints (e.g., irritability, anxiety, 
and depression) experienced by most women during the 
luteal phase of the menstrual cycle (7–14 days before the 
menstrual period) [2,3]. The symptoms of PMS can vary from 
person to person and, since physical, emotional, and be-
havioral symptoms may have different causes, the biological 
factors and symptoms of PMS should be separately evalu-
ated [4]. The incidence of PMS depends on the sociocultural 
conditions and characteristics of the studied women and the 
diagnostic methods applied. However, the prevalence of PMS 
has been estimated to be 30–40% among women of repro-
ductive age and 20–32% among premenopausal women [5].

The main cause of PMS is still unknown, and the syndrome 
is most likely multifactorial. Some researchers argue that hor-
monal agents and a lack of micronutrients might be involved 
in the development of PMS [6]. In consideration of the role 

that various factors can play in PMS, several therapeutic 
approaches have been proposed for symptom control that 
include the use of medications, particularly supplements 
and anti-depressants, dietary modifications, psychological 
approaches, exercise, and relaxation methods (e.g., yoga). 
However, researchers are always searching for more efficient, 
cost-effective, and safer therapies [7]. The World Health Or-
ganization and legislative institutions are also interested in 
the identification of accessible and inexpensive treatments 
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with minimal side effects to control PMS symptoms [8]. Ac-
cording to previous research, 80% of women suffering from 
PMS seek complementary and alternative therapies [9], and 
vitamin D and calcium have recently received special atten-
tion for the treatment/relief of PMS symptoms.

Vitamin D is a hormone involved in not only calcium and 
phosphorous metabolism, but also several other important 
metabolic functions [10,11]. In humans, 80% of the body’s 
daily requirement of vitamin D is usually fulfilled by 7-Dehy-
drocholesterol on ultraviolet B exposure, and the remaining 
20% is received through dietary intake. The role of vitamin 
D in reducing the risk of PMS is still being studied and seems 
primarily correlated with the modulation of calcium concen-
trations, certain neurotransmitters, and sexual steroids [12].

Vitamin D plays a role in the differentiation and prolifera-
tion of various cells [13]. Some previous studies reported 
changes in serum 25-hydroxyvitamin D3 ([25(OH)D3] or 
[25(OH)D]) during the luteal phase [12]. Ovarian sex hor-
mones induce enzymes that degrade [25(OH)D3]. Estradiol 
induces incremental catalytic activity of 1-α-hydroxylase and 
24-hydroxylase in the liver, which decrease serum [25(OH)D3] 
[14,15]. Ovarian hormones peak during the luteal phase, and 
this leads to the degradation of [25(OH)D3] and reduction of 
its serum levels. As a result, the cyclic disestablishment of se-
rum [25(OH)D3] metabolism by the ovarian hormones could 
worsen the symptoms of PMS [16]. Vitamin D deficiency is 
also associated with an increased renin angiotensin aldoste-
rone system function that contributes to increased fluid bal-
ance, blood pressure changes, and hypertension [17,18].

Some studies have shown that serum calcium levels in-
crease during different stages of menstrual cycle and are 
lower during the luteal phase than during the follicular phase 
[19]. Decreased serum calcium levels have also been reported 
during the premenstrual period in some women [16]. Differ-

ent studies suggest that calcium deficiency during the luteal 
phase of the menstrual cycle can exacerbate PMS symptoms 
by causing depression, hallucination, and restlessness [20,21]. 
Moreover, women who have diets rich in vitamin D and calci-
um are at a lower risk of developing PMS compared to other 
women [22].

Systematic reviews explicitly summarize the results of pre-
vious studies and provide the best form of evidence for an 
unbiased judgment. To the best of our knowledge, no sys-
tematic review has focused on the effects of vitamin D and 
calcium in the improvement of PMS symptoms, and therefore 
this study reviewed the role of vitamin D and calcium in PMS. 
The results of this study can be helpful in decision-making for 
the administration of alternative therapies to women who 
want to take advantage of low-risk treatments.

Criteria for considering studies for this 
review

1. Search strategy
This study was reported based on the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines. 
A number of key terms were searched including: ‘premen-
strual syndrome’ OR ‘premenstrual dysphoric disorder’ OR 
‘premenstrual tension’ OR ‘PMS’ AND ‘vitamin D’ OR ‘cho-
lecalciferol’ OR ‘hydroxycholecalciferol’ OR ‘vitamin D3’ OR 
‘25-hydroxyvitamin D3’ AND ‘Calcium’ OR ‘Ca’. In order to 
collect the data, valid databases (i.e., MEDLINE, ISI Web of 
Science, PubMed, EMBASE, Scopus, Google Scholar, and Sci-
ence Direct) were systematically searched (Table 1).

2. Inclusion and exclusion criteria
Studies were included if they were published in either English 

Table 1. Search strategy for PubMed and EMBASE

Search number Search term

#1 ‘premenstrual syndrome’ [tiab] OR ‘premenstrual dysphoric disorder’ [tiab] OR ‘premenstrual tension’ [tiab] OR ‘PMS’ 
[tiab]

#2 ‘vitamin D’ [tiab] OR ‘cholecalciferol’ [tiab] OR ‘hydroxycholecalciferol’ [tiab] OR ‘vitamin D3’ [tiab] OR 
‘25-hydroxyvitamin D3’ [tiab]

#3 ‘Calcium’ [tiab] OR ‘Ca’ [tiab]

#1 AND #2

#1 AND #3

#1 AND #2 AND #3
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or Persian during 1999–2018 and if they had a case-control, 
clinical trial, quasi-experimental, or cross-sectional design. 
Other inclusion criteria were menarche at least one year be-
fore the intervention, regular menstrual cycles, moderate to 
severe PMS symptoms in the second half of the menstrual 
cycle, no use of hormone therapy or other therapeutic ap-
proaches for the treatment of PMS, and no pregnancy.

The exclusion criteria were: chronic diseases; use of calcium 
and vitamin D supplements; use of other drugs such as anti-
diabetes and anti-inflammatory drugs during the six-month 
period before the intervention; mental disorders such as anxi-
ety, depression, and panic attacks; and migraine headaches.

3. Study selection
The initial search yielded 1,055 results. The eligibility of these 
articles was independently evaluated by 2 authors, and any 
disagreements were resolved through a consensus. During 
this evaluation, 828 articles were found to be irrelevant or 
duplicates and were excluded. After reviewing the titles and 
abstracts of the remaining articles, 173 additional articles 
were excluded. During the evaluation of the full texts, 26 
out of the remaining 54 articles were found ineligible and 
were excluded. As a result, a total of 28 eligible articles were 
finally reviewed (Fig. 1).

4. Quality assessment
Quality of the quantitative studies was determined by evalu-
ating their adherence to the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) checklist 
[23,24]. The studies that adhered to all 7 items, 6 items, and 
2 or more items of the STROBE checklist were classified as 
having high, medium, and low-quality, respectively.

5. Data extraction
Two authors independently performed the study selection 
and validity assessment and resolved any disagreements 
by consulting a third researcher. The first author’s name, 
publication year, country, study design, sample size, chief 
complaint or problem, intervention group, control group, 
measures, and outcomes were extracted and entered into 
the analysis.

Results

After the initial search, the titles and abstracts of the stud-
ies extracted from all the databases were examined. The 
full texts of the studies that were found eligible during the 
last review stage were then evaluated, and 28 articles were 
finally analyzed. All of these studies were eligible based on 
the inclusion criteria and had high-quality according to their 

Fig. 1. Search flow diagram.

Records identified through database search or articles' references
(n = 1055)

Records after the removal of duplicates (n = 828)

Records screened on the basis of title and abstract
(n = 227)

Studies included in quality appraisal
(n = 54)

Articles included in the review
(n = 28)

Articles excluded, with
reasons (n = 26)
- review articles: 4
- Letters and comments: 2
- Not in English or Persian: 3
- Inaccessibility of the full text: 11
- Other: 6

(Article excluded = 173)
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adherence to the STROBE checklist. The characteristics of the 
selected studies are presented in Table 2. The selected studies 
had different sample sizes (between 39 and 3,025 women) 
and examined a total of 8,576 women. The participants of 
the selected studies were of different ages and from differ-
ent geographical areas including Iran (n=15), India (n=4), the 
USA (n=4), Indonesia (n=1), Palestine (n=1), Jordan (n=1), 
Italy (n=1), and Egypt (n=1). The selected studies used clini-
cal trial (n=16), case-control (n=7), cross-sectional (n=4), and 
quasi-experimental (n=1) designs. The results of the quality 
assessment of the quantitative studies based on their adher-
ence to the STROBE checklist are detailed in Table 3.

The results indicated that low serum levels of vitamin D 
and calcium during the luteal phase of the menstrual cycle 
could contribute to the incidence and exacerbation of PMS 
symptoms. Moreover, the mean severity and number of PMS 
symptoms decreased after calcium and vitamin D supple-
mentation.

Discussion

This systematic review analyzed the results of high-quality 
studies regarding the role of calcium and vitamin D in PMS 
while considering the effects of PMS on the physical and 
psychological aspects of women’s health. The results indi-
cate that low levels of vitamin D and calcium during the 
luteal phase of menstrual cycle can cause and/or intensify 
the symptoms of PMS. Calcium and vitamin D supplementa-
tion can increase serum levels of these 2 micronutrients and 
may eliminate or reduce the severity of PMS symptoms. Less 
severe PMS symptoms were also observed in women using 
diets rich in vitamin D and calcium.

The positive relationship reported between [25(OH)D3] and 
PMS symptoms is in contrast to Bertone’s hypothesis [49]. 
Their study showed that [25(OH)D3] levels increased in cases 
of PMS, due to differences in supplementation methods, and 
that such results arise from errors in the findings [48]. Al-
though the exact cause of this finding is unclear, the possible 
use of supplements or multivitamins containing calcium and 
vitamin D by women with PMS can be one explanation [49].

This finding is consistent with those of Thys-Jacobs et al. 
[50] who reported insignificantly higher use of calcium sup-
plements (46% vs. 32%) and vitamin D supplements (41% 
vs. 30%) among women with premenstrual dysphoric disor-

der (PMDD) than among symptom-free controls. The differ-
ent doses of calcium supplementation during the interven-
tion support the hypothesis that women experiencing PMS 
may be self-medicating with dietary supplements. Similarly, 
the associations of vitamin D with specific symptoms may 
vary. Bertone-Johnson et al. [48] studied women not yet di-
agnosed with PMS at the time of blood collection and found 
[25(OH)D3] levels to be associated with a significantly lower 
risk of developing breast tenderness, diarrhea/constipation, 
fatigue, and depression (P<0.05) and a possible lower risk of 
swelling of the extremities and bloating (P≤0.11).

In addition, the inverse relationship between [25(OH)D3] 
levels and PMS confirms previous findings that indicated the 
possible role of vitamin D in decreasing the risk of unipolar 
depression [51]. Low serum levels of Mg++ and [25(OH)D3] 
during the luteal phase have also been observed in women 
suffering from PMS [45]. The findings of the mentioned 
study are inconsistent with previous research [52-54], and 
this inconsistency can be justified by differences in the study 
populations, geographic regions, sample sizes, and sample 
size estimation methods [45].

Another case-control study analyzed serum Mg++ and 
[25(OH)D3] levels after supplementation in a cohort of 1,057 
females and reported less severe PMS symptoms in the case 
group than in the controls [46]. Serum Mg++ and [25(OH)
D3] levels are low during the luteal phase of menstrual cycle 
due to cyclical changes in the release of hormones from the 
hypothalamic-pituitary-ovarian axis [45]. Calcium supple-
mentation reduced the severity of the mentioned symptoms 
and changed the frequencies of severe, moderate, and mild 
symptoms to 7%, 33%, and 47%, respectively [40].

A high dose of vitamin D3 (50,000 IU/weekly) is recom-
mended for the prevention and treatment of vitamin D 
deficiency [55]. Bahrami et al. [25] administered high-dose 
vitamin D pearls (50,000 IU cholecalciferol/weekly) during 
a period of 9 weeks and observed a significant relationship 
between vitamin D therapy and improvement of PMS symp-
toms and dysmenorrhea among adolescents.

In a placebo-controlled study of the effects of calcium 
(500 mg) plus vitamin D (200 mg) supplementation on PMS, 
Khajehei et al. [30] showed that supplementation decreased 
the severity of PMS symptoms. They compared the mean 
severity of symptoms between groups before and after the 
intervention and found that dydrogesterone and calcium 
plus vitamin D had the same effects on decreasing symptom 
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severity (P<0.05). The improvement in symptom ratings was 
less in this study than in others, but the differences between 
the scores before and after the intervention were statistically 
significant.

Bertone-Johnson [56] claimed that low dietary vitamin D 
was related to the development of PMS. Additionally, high 
dietary vitamin D intake was suggested to reduce the risk 
of PMS by affecting calcium levels and oscillation of the cy-
clic sex steroid hormone, and/or neurotransmitter function 
[57,58].

Bahrami et al. [21] reported that calcium levels had a sig-
nificant relationship with the incidence of irritability. Saeed-
ian Kia et al. [47] compared dietary intake and serum levels 
of calcium, Mg, and vitamin D in students with PMS to those 
of healthy controls. No significant differences were found be-
tween the 2 groups in terms of serum vitamin D levels. The 
serum concentrations of Ca and Mg were lower in some cas-
es, but the levels were within the normal range in all cases.

Bendich [59] showed lower levels of calcium in participants 
without PMS and concluded that an increase in dietary cal-
cium intake could help maintain normal calcium levels and 
prevent the manifestation of PMS symptoms. There was a 
high prevalence of vitamin D deficiency in their population 
sample of healthy girls. However, the prevalence of PMS 
symptoms did not differ significantly in relationship to the vi-
tamin D status. Another study in Iran indicated no significant 
difference in the vitamin D serum status between the PMS 
and control groups [21,47]. In a study on dysmenorrheic col-
lege students, Obeidat et al. [44] reported that PMS had no 
relationship with the levels of parathyroid hormone and vita-
min D, or intake of dairy products.

Bertone-Johnson et al. [22] performed a nested case-con-
trol study and suggested that a high dietary intake of vitamin 
D and calcium could lower the risk of PMS symptoms. They 
also observed a significantly lower risk of developing PMS 
in women with a high intake of vitamin D and calcium from 
food sources, equivalent to about 4 servings per day of skim 
or low-fat milk, fortified orange juice, or low-fat dairy foods 
such as yogurt.

In a clinical trial, Bharati [41] compared yoga exercises and 
calcium supplements, and observed a considerable reduction 
in the number of PMS symptoms in the yoga group. Calcium 
and vitamin D might affect the occurrence of PMS through 
their associations with endogenous estrogens.

Dadkhah et al. [26] investigated the impacts of vitamins D 

and E on PMS. Two months after the intervention, they de-
tected a significant improvement in the PMS symptom scores 
and reported vitamin E to be slightly more effective in reduc-
ing PMS symptoms than both vitamin D and the placebo. 
However, there were no significant differences between the 
3 groups. Kermani et al. [29] assessed the effects of calcium, 
vitamin E, and a placebo and reported that, after 3 months 
of intervention with 1,000 mg of calcium plus 400 IU of vi-
tamin E, the severity of symptoms was significantly lower in 
the intervention group than in the placebo group. In a study 
by Ghalwa et al. [46], PMS was strongly related with calcium 
and magnesium. Dietary changes and natural treatments 
were also linked with the pain and discomfort of women 
with PMS. PMS also had significant relationships with life-
style, smoking status, physical activity, and sleep. The effects 
of dietary behaviors with different types of foods on PMS 
were also considerable.

Ghanbari et al. [27] performed pre- and post-tests and con-
cluded that depression and anxiety significantly decreased in 
women treated with calcium compared to the placebo group 
(27% vs. 7%; P<0.002). Similar results were reported by 
Bertone-Johnson et al. [22]. Bohrer and Krannich [60] found 
that calcium supplements effectively improved depressive 
symptoms.

Karimi et al. [28] investigated the effects of cognitive be-
havioral therapy (CBT) and calcium plus vitamin D supple-
mentation on the reduction of PMS symptoms. In a trial, 
Mandana and Azar [31] showed that vitamin E, vitamin B6, 
calcium, and omega-3 had significant effects on enhancing 
the physical and mental symptoms of women with PMS. 
Rajaei et al. [20] observed no relationship between the level 
of 25OHD during the luteal phase and the presence of PMS. 
The high prevalence of vitamin D deficiency among the 
case and control groups might justify this finding. In fact, 
their study was conducted among young women in Tehran 
[20], and several studies have indicated a high prevalence 
of vitamin D deficiency in different parts of Iran [61-63]. Sa-
mieipour et al. [32] highlighted significant reductions in the 
mean total severity of PMS symptoms following both calcium 
and vitamin B1 supplementation compared to the placebo 
group (P<0.001). This reduction was more profound in the 
calcium group. In a randomized and quadruple-blind study, 
the same authors found calcium plus vitamin B1 supplemen-
tation to be more effective on the severity of PMS symptoms 
than other supplements [33].
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In a double-blind randomized placebo-controlled trial, She-
hata [34] indicated that combined oral contraceptive (COC) 
pills were superior to calcium in reducing the scores of PMS 
symptoms. However, the difference was only significant in 
women who had moderate PMS in the 2 months before 
treatment, and this can be explained by the mechanisms of 
action of COC and calcium. If calcium affects PMS through 
its relationship with endogenous estrogen, it will never be as 
effective as COCs, which prevent endogenous estrogen more 
effectively. Another mechanism of COC action is related to 
neurotransmission.

In a double-blind randomized clinical trial, Shobeiri et al. 
[35] documented the significant effects of low-dose calcium 
(500 mg) on the reduction of PMS symptoms. A review study 
in 2015 evaluated numerous non-pharmacological treat-
ments but only found calcium supplements effective [7]. In 
a double-blind clinical trial, the same authors observed that 
calcium intake had significant effects on all physical symp-
toms (cramps, headache, depression, irritability, general pain, 
and abdominal pain) of PMS in the first and second months 
after the intervention [36].

In a prospective, randomized controlled interventional 
study, Sutariya et al. [37] showed that calcium supplementa-
tion effectively mitigated the symptoms of PMS during the 
luteal phase. The calcium treatment resulted in an approxi-
mate 50% reduction in total mean symptom scores with sig-
nificant beneficial effects on symptoms including depression, 
mood swings, headache, irritability, and breast tenderness. 
Calcium was not effective during the menstrual or intermen-
strual phase of the cycle. Tartagni et al. [38] reported that 
calcium intake, both alone and in combination with vitamin 
D, was able to reduce the intensity of PMS. In a pilot parallel 
clinical trial study, Yonkers et al. [39] compared fluoxetine, 
calcium, and a placebo as a treatment for moderate to se-
vere PMS and PMDD over the course of 4 menstrual cycles. 
Their findings suggested small benefits of calcium. However, 
the estimated effect for fluoxetine was much higher than 
that of calcium. The placebo response in this study (17–33% 
depending on the measure) was in line with the range of 
placebo response rates (11.8–50%) reported in similar stud-
ies [64]. In a cross-sectional study, Bertone-Johnson et al. [42] 
showed that vitamin D consumption was inversely associated 
with the prevalence of PMS, and perhaps with menstrual 
symptom severity in general. In contrast, late luteal phase 
serum [25(OH)D3] levels were not associated with either out-

come.
The review of the selected studies indicates that vitamin 

D and calcium supplementation, or the use of a diet rich in 
these two micronutrients, could improve serum levels during 
the luteal phase, and thus eliminate or improve PMS symp-
toms.

There has been no unanimously accepted therapeutic 
method to improve PMS symptoms to date. Vitamin D and 
calcium, when compared to the treatments mentioned in the 
studies, such as yoga, CBT, medications like Fluoxetine, COC, 
etc., can be a safe, effective, acceptable, low cost, and con-
venient method for reducing the intensity and frequency of 
PMS symptoms, and thus improving women’s quality of life.

One of the limitations of this study was the role of con-
founding factors, such as age, educational and economic 
status, geographical area, and mental and physical status 
of the participants, which were considered in most of the 
reviewed studies. Since PMS symptoms are recalled by the 
participants, recall bias was another limitation. Other limita-
tions that were found in some of the studies were lack of 
control groups, short-term treatments, and low sample size. 
Moreover, differences in the participants’ diets might have 
affected serum levels of vitamin D and calcium in the studies 
that did not evaluate and control the women’s diet.
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