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A B S T R A C T   

Introduction: There is increasing evidence that vitamin D has widespread tissue effects. In addition to osteopo-
rosis, vitamin D deficiency has been associated with cardiovascular disease, diabetes, cancer, infections and 
neurodegenerative disease. However, the effect of vitamin D supplementation on non-skeletal outcomes requires 
clarification, especially in postmenopausal women. 
Aim: This position statement provides an evidence-based overview of the role of vitamin D in the health of 
postmenopausal women based on observational and interventional studies. 
Materials and methods: Literature review and consensus of expert opinion. 
Results and conclusions: Vitamin D status is determined by measuring serum 25-hydroxyvitamin D levels. Con-
centrations <20 ng/ml (<50 nmol/l) and <10 ng/ml (<25 nmol/l) are considered to constitute vitamin D 
deficiency and severe deficiency, respectively. Observational data suggest an association between vitamin D 
deficiency and adverse health outcomes in postmenopausal women, although they cannot establish causality. 
The evidence from randomized controlled trials concerning vitamin D supplementation is not robust, since many 
studies did not consider whether people were deficient at baseline. Moreover, high heterogeneity exists in terms 
of the population studied, vitamin D dosage, calcium co-administration and duration of intervention. 
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Concerning skeletal health, vitamin D deficiency is associated with low bone mass and an increased risk of 
fractures. Vitamin D supplementation at maintenance doses of 800–2000 IU/day (20–50 μg/day), after repletion 
of vitamin D status with higher weekly or daily doses, may be of benefit only when co-administered with calcium 
(1000–1200 mg/day), especially in the elderly populations and those with severe vitamin D deficiency. 
Concerning cardiovascular disease, vitamin D deficiency is associated with an increased prevalence of cardio-
vascular risk factors, mainly metabolic syndrome, type 2 diabetes mellitus and dyslipidemia. Vitamin D defi-
ciency, especially its severe form, is associated with an increased risk of cardiovascular events (coronary heart 
disease, stroke, mortality), independently of traditional risk factors. Vitamin D supplementation may have a 
modestly beneficial effect on lipid profile and glucose homeostasis, especially in obese individuals or those ≥60 
years old and at doses of ≥2000 IU/day (≥50 μg/day). However, it has no effect on the incidence of cardio-
vascular events. 
Concerning cancer, vitamin D deficiency is associated with increased incidence of and mortality from several 
types of cancer, such as colorectal, lung and breast cancer. However, the data on other types of gynecological 
cancer are inconsistent. Vitamin D supplementation has no effect on cancer incidence, although a modest 
reduction in cancer-related mortality has been observed. 
Concerning infections, vitamin D deficiency has been associated with acute respiratory tract infections, including 
coronavirus disease 2019 (COVID-19). Vitamin D supplementation may decrease the risk of acute respiratory 
tract infections and the severity of COVID-19 (not the risk of infection). 
Concerning menopausal symptomatology, vitamin D deficiency may have a negative impact on some aspects, 
such as sleep disturbances, depression, sexual function and joint pains. However, vitamin D supplementation has 
no effect on these, except for vulvovaginal atrophy, at relatively high doses, i.e., 40,000–60,000 IU/week 
(1000–1500 IU/week) orally or 1000 IU/day (25 μg/day) as a vaginal suppository.   

1. Introduction 

Vitamin D comprises a group of lipophilic hormones that regulates 
calcium homeostasis through its actions on the kidney, gastrointestinal 
tract, skeleton and parathyroid glands. It is pivotal in maintaining 
skeletal health [1,2]. The two major forms are vitamin D2 (ergo-
calciferol) and vitamin D3 (cholecalciferol). Vitamin D2 is produced 
from ergosterol by several organisms: phytoplankton, invertebrates and 
fungi in response to ultraviolet (UV) irradiation [1,2]. The major natural 
source of vitamin D3 is cutaneous synthesis from 7-dehydrocholesterol 
through exposure to sunlight, though a small amount is obtained from 
the diet, specifically animal-based foods such as fatty fish, eggs and milk 
[1,2]. There are wide individual variations in both cutaneous synthesis 
and gastrointestinal absorption of vitamin D. Two hydroxylations are 
needed to obtain the bioactive hormone 1,25-dihydroxyvitamin D, or 
calcitriol. In the liver, the first hydroxylation metabolizes vitamin D into 
25-hydroxyvitamin D [3], or calcidiol; in the kidneys and other tissues, 
the second hydroxylation produces calcitriol. Both vitamin D3 and 
vitamin D2 are synthesized commercially and found in dietary supple-
ments or fortified foods [1,2]. 

Calcitriol stimulates calcium and phosphate absorption and regulates 
the transcription of many genes. In humans, locally synthesized calci-
triol is involved in a wide range of non-calciotropic functions, including, 
among others: insulin production, myocardial contraction, immuno-
modulation, monocyte antimicrobial action, innate immunity, cell pro-
liferation and apoptosis [2]. Calcitriol exerts its biological actions 
primarily through the vitamin D receptor (VDR), a nuclear receptor, 
although non-genomic actions have also been described [2,4]. VDRs and 
1α-hydroxylase are expressed in many tissues, such as immune cells 
(macrophages, monocytes), cardiomyocytes, vascular smooth muscle 
cells, and β-cells in the pancreas and reproductive tract tissues [2,5]. 

This position statement sets out the best evidence regarding the as-
sociation between vitamin D deficiency and skeletal and non-skeletal 
aspects of menopausal health. The effect of vitamin D supplementa-
tion in this regard is also discussed. 

2. Methodology 

PubMed for English-language publications was searched to provide 
an update on the previous European Menopause and Andropause Soci-
ety (EMAS) statement [6]. The evidence-based medicine pyramid was 
followed, with priority given to data deriving from meta-analyses or 

randomized controlled trials (RCTs). Further references were identified 
by a manual search of key journals in the field of reproductive 
endocrinology. 

3. Evidence from epidemiological and interventional studies 

The role of vitamin D in bone metabolism is well established [6]. Risk 
factors for hypovitaminosis D after menopause include low UV-induced 
vitamin D synthesis in the skin, low exposure to sunlight, dark skin, skin 
aging, poor dietary intake, reduced ability to synthesize calcitriol in the 
kidneys, obesity, malabsorption, and certain medications (e.g., anti-
convulsants, antiretrovirals) [6]. 

The prevalence of vitamin D deficiency in postmenopausal women 
may reach up to 80% according to a European study (n = 8532) which 
used a threshold of 30 ng/ml (75 nmol/l) for 25(OH)D concentrations to 
designate deficiency [7]. This finding has been corroborated in further 
studies, emphasizing the global nature of vitamin D deficiency. In 
particular, Valladares et al., in their analysis of 21,236 women that also 
applied the 30 ng/ml (75 nmol/l) threshold, reported prevalence rates 
for hypovitaminosis D of 73.6%, 78.6%, 86.1%, 81.5%, and 90.4% in 
Europe, North America, Africa, Middle East, and Asia, respectively [8]. 
Furthermore, older women are at even higher risk of vitamin D defi-
ciency, as shown in a cohort study of 2000 women aged over 80 years 
from nine European countries; 88.6% and 53.4% of them suffered from 
vitamin D deficiency, applying the 30 ng/ml (75 nmol/l) and 20 ng/ml 
(50 nmol/l) thresholds, respectively [9]. 

3.1. Skeletal health 

3.1.1. Еpidemiological studies 
The negative association between 25(OH)D and fracture risk in the 

general population has been shown in several meta-analyses. In one that 
included 15 prospective cohort studies (51,239 participants; 3386 hip 
fracture cases), the adjusted relative risk (RR) was 1.58 [95% confidence 
interval (CI) 1.41–1.77] for the lowest compared with the highest 25 
(OH)D concentrations' categories. Notably, this association was statis-
tically significant only in subjects with 25(OH)D <24ng/ml (<60 nmol/ 
l) [10]. Concerning postmenopausal women, almost 50% with a fracture 
history or osteoporosis have 25(OH)D concentrations <15 ng/ml (37.5 
nmol/l) [11]. A similar finding was observed in the Women's Health 
Initiative (WHI) study, where the association was independent of the 
number of falls, physical function, frailty, renal function, and sex-steroid 
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hormone concentrations. Moreover, for each 10 ng/ml (25 nmol/l) 
decrease in 25(OH)D concentration, the fracture risk increased by 33% 
[12]. Moreover, vitamin D deficiency is also associated with decreased 
bone mineral density (BMD) in postmenopausal women, independently 
of ethnic origin [13,14]. 

3.1.2. Іnterventional studies 
Evidence from RCTs suggests that vitamin D supplementation may 

reduce fracture risk only when combined with calcium [15]. An um-
brella review of meta-analyses of RCTs showed that calcium at doses of 
500–1200 mg/day, combined with vitamin D at doses of 400–1600 IU/ 
day (10–40 μg/day), reduced the risk of hip fractures in eight of 12 meta- 
analyses (RR from 0.61 to 0.84) and the risk of any fractures in seven of 
11 meta-analyses (RR from 0.74 to 0.95) with a follow-up of 1–7 years. 
However, no fracture risk reduction was noted in meta-analyses evalu-
ating community-dwelling individuals exclusively [16]. This was also 
confirmed in the recent Vitamin D and Omega-3 Trial (VITAL), the 
largest and most holistic RCT so far in this context, in which vitamin D 
monotherapy, at a dose of 2000 IU/day, had no effect on fracture risk, in 
men >50 and women >55 years of age [17]. In any case, the anti- 
fracture benefit of the combination of vitamin D with calcium is 
mostly evident in the elderly populations [15]. 

A U-shaped effect of vitamin D supplementation on fracture risk 
should also be considered, since high vitamin D doses, at monthly 
(60,000–100,000 IU) or daily intervals (>4000 IU), tend to increase 
fracture risk, mainly in individuals without vitamin D deficiency [15]. 
This may be attributed to the functional decline of lower extremities and 
increased risk of falls [18]. On the other hand, a meta-analysis of 11 
RCTs for the primary prevention of fractures in adults without vitamin D 
deficiency, osteoporosis or prior fracture did not find any benefit of 
vitamin D supplementation, in doses ranging between 300 IU/day and 
100,000 IU/month [19]. 

Calcium can also be provided through the consumption of dairy 
products (a supplement of 500 mg is equivalent to eating 2 - 3 portions of 
dairy products). Interestingly, increased consumption of dairy products 
is associated with a reduced risk of hip fractures [20]. Calcium supple-
mentation at daily doses of up to 1000 mg/day is safe regarding car-
diovascular risk [21,22]. However, excessive calcium supplementation 
(>1000 mg) may be associated with gastrointestinal complaints and 
urinary calculi [19]. 

Studies have been inconsistent in the findings concerning an asso-
ciation between vitamin D and BMD [23,24]. Nevertheless, vitamin D 
(100–1600 IU/day), when combined with protein (10–44 g/day), may 
improve muscle strength in patients with sarcopenia, according to a 
recent meta-analysis of eight RCTs. This effect was pronounced in pa-
tients with severe vitamin D deficiency [<12 ng/ml (<30 nmol/l)] [25]. 

3.1.3. Summary recommendations 
There is no evidence for an anti-fracture benefit of vitamin D sup-

plementation in postmenopausal women without vitamin D deficiency 
or at low fracture risk. In contrast, vitamin D supplementation combined 
with calcium should be considered in postmenopausal women of any age 
with low serum 25(OH)D concentrations (<20 ng/ml or <50 nmol/l) 
suffering from osteoporosis and/or at high fracture risk, according to the 
FRAX model. A tailor-made approach that takes account of BMI, 
adherence and compliance with treatment is recommended, with regu-
lar assessment (3–6 monthly intervals) to check that 25(OH)D concen-
trations exceed the threshold of 20 ng/ml (50 nmol/l) and maintain it. 
This is usually achieved by daily doses of 2000–4000 IU (4000–6000 IU 
in obese patients) [4]. In parallel, 1000–1200 mg of calcium, either from 
dietary sources or from supplements, should be encouraged for at least 
3–5 years to obtain the optimal benefit for skeletal health. This daily 
allowance of calcium does not increase the risk of cardiovascular disease 
or nephrolithiasis. 

3.2. Cardiovascular disease 

3.2.1. Epidemiological studies 
Cross-sectional and cohort studies support an association between 

vitamin D deficiency and the prevalence of cardiovascular risk factors, 
such as hypertension, dyslipidemia, hyperglycemia and metabolic syn-
drome in the general population [26]. A meta-analysis of 10 prospective 
(n = 58,262) and 19 cross-sectional studies (n = 90,535) showed a lower 
risk of hypertension with 25(OH)D concentrations in the highest 
compared with the lowest category [RR 0.76 (95% CI 0.63–0.90) and 
0.79 (95% CI 0.73–0.87), for prospective and cross-sectional studies, 
respectively]. However, this was evident for women ≤55 years, but not 
for older ages [27]. This finding was replicated in a cross-sectional 
analysis of the National Health and Nutrition Examination Surveys 
(NHANES) 2007–2010, where no association was observed in post-
menopausal women [28]. A meta-analysis of 57 cross-sectional (n =
210,575) and two cohort studies (n = 8494) confirmed the protective 
effect of highest vs. lowest 25(OH)D concentrations on triglycerides 
[odds ratio (OR) 0.81, 95% CI 0.74–0.89], irrespective of age. This was 
also the case for high-density lipoprotein cholesterol (HDL-C) (OR 0.82, 
95% CI 0.76–0.89). There was no association between 25(OH)D con-
centrations and total (TC) or low-density lipoprotein cholesterol (LDL-C) 
[29]. Concerning glucose metabolism, an inverse association exists be-
tween vitamin D status and insulin resistance [30]. Meta-analyses have 
also demonstrated an increased risk of type 2 diabetes in patients with 
vitamin D deficiency compared with those with sufficiency [31,32]. 
Furthermore, vitamin D deficiency is also associated with an increased 
risk of metabolic syndrome in postmenopausal women, irrespective of 
estradiol concentrations [33]. 

A growing body of evidence shows an inverse association between 25 
(OH)D concentrations and the prevalence of CVD, including coronary 
heart disease and stroke, and CVD mortality. This is most evident in the 
case of severe vitamin D deficiency [25(OH)D <10 ng/ml (<25 nmol/l)] 
[34]. A meta-analysis confirmed a higher incidence of major adverse 
cardiovascular events (OR 1.92, 95% CI 1.24–2.98) for patients with 
vitamin D deficiency [35]. Severe vitamin D deficiency is associated 
with increased cardiovascular mortality in older adults, according to 
another meta-analysis (RR 1.47, 95% CI 1.15–1.81) [36]. This was 
confirmed in a prospective study from the UK Biobank, which examined 
307,601 participants of White European ancestry (aged 37–73 years at 
enrolment) [37]. 

3.2.2. Іnterventional studies 
Vitamin D supplementation may have a modestly beneficial effect on 

lipid profiles in postmenopausal women. A meta-analysis of RCTs 
showed a decrease in triglyceride concentrations [weighted mean dif-
ference (WMD) -3.55 mg/dl, 95% CI -5.34 to − 1.76] with vitamin D 
supplementation (300–4000 IU/day). HDL-C increased when the treat-
ment duration was <26 weeks (WMD 2.67 mg/dl, 95% CI 0.66–4.68), as 
did TC (WMD 6.56 mg/dl, 95% CI 0.78–12.35). Moreover, vitamin D 
decreased LDL-C when the dose was ˃400 IU/day (WMD -1.89 mg/dl, 
95% CI -2.47 to − 1.31) [38]. Vitamin D supplementation has no effect 
on systolic or diastolic blood pressure, independent of age, baseline 
vitamin D status or vitamin D dose [39]. On the other hand, vitamin D 
supplementation may improve the metabolic syndrome profile in post-
menopausal women, especially triglycerides and insulin resistance [40], 
although it has no effect on body composition and weight [41]. It may 
also reduce the incidence of type 2 diabetes in patients with prediabetes 
by 11% (RR 0.89, 95% CI 0.80–0.99), according to another meta- 
analysis [42], especially in non-obese patients and with daily doses 
≥2000 IU [42]. However, vitamin D supplementation (from 400 to 
100,000 IU/month) does not reduce the risk of total cardiovascular 
events, myocardial infarction, stroke, and cardiovascular or all-cause 
mortality, according to several meta-analyses [43–45] and the VITAL 
study [17]. 
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3.2.3. Summary recommendations 
Vitamin D deficiency is associated with increased prevalence of 

cardiovascular risk factors, mainly metabolic syndrome, type 2 diabetes 
and atherogenic dyslipidemia, and increased incidence of CVD events, 
independently of these risk factors. However, vitamin D supplementa-
tion does not decrease this risk, despite a modestly beneficial effect on 
glucose metabolism, triglyceride and HDL-C concentrations. 

3.3. Cancer 

3.3.1. Еpidemiological studies 
Evidence from case-control and prospective cohort studies supports 

an association between vitamin D deficiency and cancer. In particular, 
25(OH)D concentrations in the highest category [>25–30 ng/ml 
(62.5–75 nmol/l)] are associated with a reduced risk of colorectal and 
lung cancer by 48% and 84%, respectively, compared with the lowest 
category [46,47]. Concerning breast cancer, according to a meta- 
analysis, women with 25(OH)D concentrations in the highest category 
(>20 ng/ml or >30 ng/ml; >50 nmol/l or >75 nmol/l) are at 15% and 
35% lower risk compared to those with 25(OH)D in the lowest category 
(<10 ng/ml or <20 ng/ml; <25 nmol/l or <50 nmol/l) [48]. Interest-
ingly, the overall and cancer-specific mortality rates are increased in 
postmenopausal women with 25(OH)D concentrations in the lowest 
compared with the highest tertile [HR 1.52 (95% CI 1.22–1.88) and 1.74 
(95% CI 1.23–2.40), respectively], according to a meta-analysis [49]. 
Nevertheless, vitamin D deficiency is not associated with an increased 
risk of ovarian cancer [50] and no firm conclusions can be drawn con-
cerning other gynecological cancers [51–53]. In the prospective UK 
Biobank study, severe vitamin D deficiency was associated with 
increased all-cause and cancer-related mortality compared with 25(OH) 
D concentrations >20 ng/ml (50 nmol/l) [37]. 

3.3.2. Interventional studies 
Heterogeneity among studies exists concerning the effect of vitamin 

D supplementation on the incidence of cancer and cancer-related mor-
tality. Vitamin D supplementation (400 IU/day to 100,000 IU/4 months, 
mostly 2000 IU/day) may reduce the incidence of colorectal cancer (OR 
0.87, 95% CI 0.82–0.92) and prolong the survival of patients with the 
condition [54,55]. Furthermore, it has no effect on the incidence of lung 
[56,57], breast or ovarian cancer [58]. However, the updated systematic 
review by the US Preventive Services Task Force did not show any 
beneficial effect of vitamin D on cancer incidence (vitamin D dosage 
ranging from 400 IU/day to 100,000 IU/month or 150,000 IU/3 
months) [45]. A Cochrane meta-analysis reported a slight decrease in 
cancer-related mortality (RR 0.88, 95% CI 0.78–0.98), although this was 
not demonstrated in studies conducted solely in female populations 
[44]. An updated meta-analysis confirmed this reduction in cancer- 
related mortality [59]. This was also demonstrated in the VITAL 
study, where vitamin D supplementation at a dose of 2000 IU/day 
tended to decrease cancer-related mortality after 5.3 years of follow-up 
(HR 0.83, 95% CI 0.67–1.02), and this effect became significant if the 
first two years of follow-up were excluded (HR 0.75, 95% CI 0.59–0.96) 
[60]. 

3.3.3. Summary recommendations 
Vitamin D deficiency may be associated with increased incidence 

and mortality of several types of cancer, such as colorectal, lung and 
breast cancer. No effect on cancer outcomes has been shown with 
vitamin D supplementation, except for a modest decrease in cancer- 
related mortality. 

3.4. Infections - inflammation 

3.4.1. Epidemiological studies 
Vitamin D deficiency may adversely affect the immune system and 

increase the risk of infections, including acute respiratory tract 

infections [61,62], and many autoimmune diseases, including rheuma-
toid arthritis, type 1 diabetes, inflammatory bowel disease and auto-
immune thyroid disease [63]. According to the study mentioned above 
from the UK Biobank [37], severe vitamin D deficiency is associated 
with increased mortality from respiratory diseases. 

Numerous studies have been conducted to assess the association 
between vitamin D status and the severity of coronavirus disease 2019 
(COVID-19) infection. Evidence from meta-analyses suggests higher 
mortality and hospitalization rates for people with vitamin D deficiency 
compared with those with sufficiency [64], although without any effect 
on the risk of COVID-19 infection [65]. 

3.4.2. Interventional studies 
The data on the effect of vitamin D supplementation on the risk of 

acute respiratory infections are inconsistent. A meta-analysis showed a 
modest benefit (OR 0.92, 95% CI 0.86–0.99), independent of baseline 25 
(OH)D concentrations, but only with doses of 400–1000 IU/day and for 
a duration of ≤12 months and among participants aged <16 years at 
enrolment [66]. Another recent meta-analysis failed to show such a 
benefit [67]. 

Regarding autoimmune diseases, a reduced risk was demonstrated 
with a dose of 2000 IU/day (VITAL study; HR 0.78, 95% CI 0.61–0.99). 
However, there was no effect on individual autoimmune diseases, 
including rheumatoid arthritis, polymyalgia rheumatica, psoriasis and 
autoimmune thyroid disease [68]. 

Concerning COVID-19, vitamin D supplementation may decrease the 
risk of admission to the intensive care unit by 54–65% (bolus dose of 
50,000–200,000 IU and maintenance dose ranging from 800 IU/day to 
10,000 IU/week or 50,000 IU/month) [69–71]. Evidence on the risk of 
infection and COVID-19-associated mortality is inconsistent [69–71]. An 
ongoing RCT evaluating the effect of vitamin D supplementation (3200 
IU/day) or placebo on COVID-19 severity and/or mortality will shed 
light on this [72]. 

3.4.3. Summary recommendations 
Vitamin D deficiency is associated with an increased risk of in-

fections, including COVID-19. Vitamin D supplementation may 
modestly decrease this risk, particularly the risk of admission to an 
intensive care unit. However, the high heterogeneity in design, duration, 
population and vitamin D dosage among studies must be underscored. 

3.5. Menopausal symptoms 

3.5.1. Еpidemiological studies 
Few studies have focused on the association between vitamin D 

deficiency and menopausal (i.e., vasomotor) symptoms. A cross- 
sectional analysis of 530 women (mean age 66.2 ± 6.8 years) from the 
WHI Calcium and Vitamin D (CaD) trial showed no association between 
25(OH)D concentrations and menopausal symptoms, including hot 
flashes, night sweats, racing heart, sleep disorders, emotional well-being 
and energy/fatigue, after adjustment for age [73]. Another cross- 
sectional study in postmenopausal women (n = 210) showed a higher 
prevalence of vitamin D deficiency in women with hot flashes compared 
with those without, after adjustment for age and menopause duration 
[74]. Vitamin D deficiency in postmenopausal women has also been 
associated with an increased prevalence of sleep disturbances (including 
poor sleep quality, short sleep duration and sleepiness) [75], depression 
(especially for women aged ≤60 years) [76] and sexual dysfunction 
[77]. 

3.5.2. Іnterventional studies 
Few studies have examined the effect of vitamin D supplementation 

on menopausal symptoms (vasomotor, neurocognitive, phycological, 
sexual, and genitourinary). Data from the WHI CaD trial, in which 
17,101 postmenopausal women (50–79 years old) were randomized to 
calcium carbonate 1000 mg plus vitamin D 400 IU daily and 17,056 to 
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placebo, did not show any difference between groups in terms of post-
menopausal symptoms, either overall or individually, such as sleep 
disturbances, emotional well-being, energy/fatigue, hot flashes or night 
sweats [78]. A more recent RCT showed an improvement in the vaso-
motor, sexual and physical domain scores of women taking a combi-
nation of isoflavones (40 mg/day), calcium (500 mg/day), vitamin D 
(300 IU/day) and inulin (3 g/day) compared with placebo after 12 
months of treatment [79]. Furthermore, no effect of vitamin D supple-
mentation on depression has been shown, either in general or specif-
ically among postmenopausal women (dosage ranging from 400 IU/day 
to 500,000 IU/year) [80,81]. Concerning sleep quality, RCT data have 
also shown no improvement with vitamin D supplementation [82,83]. 
Moreover, the VITAL study found that vitamin D at 2000 IU/day had no 
effect on cognitive decline [84]. However, vitamin D supplementation 
can benefit postmenopausal genitourinary syndrome, in comparison 
with placebo, either as a vaginal suppository at daily doses of 1000 IU or 
orally at 60,000 IU weekly doses (data from the two RCTs). [85]. This 
favorable effect on vulvovaginal atrophy symptoms was also shown in 
an RCT after 12 weeks of oral ergocalciferol at 40,000 IU/week [86]. 

3.5.3. Summary recommendations 
Vitamin D deficiency may be associated with an increased risk of 

menopausal symptoms (hot flashes, sleep disorders, depression, sexual 
dysfunction), but the evidence is not robust. It does not derive from 
studies conducted exclusively in postmenopausal women or those with 
documented deficiency. Vitamin D supplementation has no effect on 
menopausal symptoms, either as a whole or as individual symptoms, 
except for a modest effect on vulvovaginal atrophy. 

A summary of the effect of vitamin D deficiency on skeletal and non- 
skeletal menopausal health is presented in Table 1. 

4. Critical appraisal of the literature and future perspectives 

Explanations for the apparent discrepancy between RCTs and 
observational studies include the following:  

• The vast majority of RCTs were conducted in individuals who were 
not vitamin D deficient, but were generally of good health and at 
relatively low cardiovascular and fracture risk. 

• The duration of studies demonstrating a beneficial effect on out-
comes, such as CVD and cancer, was relatively short. 

• The role of potential fluctuations in 25(OH)D and parathyroid hor-
mone concentrations in studies that gave high intermittent doses 
cannot be estimated.  

• The association between vitamin D deficiency and adverse health 
outcomes may have been driven by confounding or reverse causality: 
chronic conditions or conditions at a preclinical stage or other factors 
may have contributed to vitamin D deficiency rather than vice versa 
(e.g., physical inactivity due to illness or obesity could reduce sun-
light exposure) [87–89]. 

25(OH)D concentrations ≥20 ng/ml (≥50 nmol/l) are essential for 
the maintenance of optimal skeletal health. However, the evidence 
suggests a modest anti-fracture and anti-fall efficacy of vitamin D sup-
plementation at doses of 800–2000 IU/day, and only when it is co- 
administered with calcium (1000–1200 mg/day) in the elderly with 
severe vitamin D deficiency [25(OH)D <10–12 ng/ml (<25–30 nmol/l)] 
[15]. High compliance and a duration of >3 years are required for such a 
benefit [15]. There is no firm evidence for the benefits of vitamin D 
supplementation in postmenopausal women with 25(OH)D concentra-
tions >20 ng/ml (>50 nmol/l) and at low risk of fracture. 

Higher 25(OH)D concentrations [>30 ng/ml (>75 nmol/l)] may be 
needed for non-skeletal effects, although the evidence from RCTs is 
weak. Vitamin D supplementation is not recommended for managing 
postmenopausal symptoms (i.e., hot flashes, night sweats, depression, 
sleep disorders, sexual dysfunction), CVD or cancer prevention. 

The vehicle substance combined with the vitamin D in tablet for-
mulations may affect vitamin D bioavailability. According to a system-
atic review, an oil vehicle induces higher 25(OH)D concentrations (>4- 
fold) compared with a powder or an ethanol vehicle [90]. Furthermore, 
the effect of the gut microbiome on vitamin D bioavailability should be 
considered [91]. Finally, the potential interaction of seasonal changes in 
25(OH)D concentrations with skeletal and non-skeletal outcomes may 
be another confounder [92]. 

Future studies should elucidate unresolved issues, such as: 

• The need for universal screening for vitamin D deficiency in post-
menopausal women 

• The optimal 25(OH)D threshold at which to initiate vitamin D sup-
plementation [<10 ng/ml (<25 nmol/l), <20 ng/ml (<50 nmol/l) or 
<30 ng/ml (<75 nmol/l)]  

• The discrimination between vitamin D replacement and vitamin D 
supplementation 

Table 1 
Effect of vitamin D deficiency and vitamin D supplementation on skeletal and 
non-skeletal postmenopausal health.  

Outcome Association with 25 
(OH)D 
concentrations 

Effect of vitamin D 
supplementation 

Fracture risk Negative ↓ only with calcium, 
evidence for a U-shaped 
effect 

BMD Negative ↑/⟷ 
Postmenopausal symptoms (as 

a whole) 
No association ⟷a 

Individual menopause-related 
symptoms (hot flashes, night 
sweats, heart racing, 
emotional well-being, 
energy/fatigue) 

No association ⟷ 

Joint pain Negative ⟷a 

Sleep disorders Inconsistent results ⟷ 
Depression Negative ⟷ 
Sexual dysfunction Negative ⟷ 
Vulvovaginal atrophy No association ↓ 
Arterial hypertension No association ⟷ 
Triglycerides Negative ↓ 
HDL-cholesterol Positive ↓ 
Total cholesterol No association ⟷ 
LDL-cholesterol No association ⟷ 
Metabolic syndrome Negative ↓ 
Blood glucose Negative ↓ 
Insulin resistance Negative ↓ 
T2DM/prediabetes Negative ↓b 

CHD Negative ⟷ 
Stroke Negative ⟷ 
CVD mortality Negative ⟷ 
Colorectal cancer Negative ⟷ 
Lung cancer Negative ⟷ 
Breast cancer Negative (?) ⟷ 
Ovarian, endometrial or 

cervical cancer 
No association ⟷ 

Cancer mortality Negative ↓ 
ARIs Negative ↓/⟷ 
Autoimmune diseases Negative ↓/⟷ 
COVID-19 Negative ↓c 

Abbreviations: 25(OH)D: 25-hydroxyvitamin D; ARIs; acute respiratory tract 
infections; BMD: bone mineral density; CHD: coronary heart disease; COVID-19: 
coronavirus disease 2019; CVD: cardiovascular disease; HDL: high-density li-
poprotein; LDL: low-density lipoprotein; T2DM: type 2 diabetes mellitus; ↓: 
decrease; ⟷: no effect. 

a Benefit with vitamin D3 18,400 IU/day in combination with lycopene, 
astaxanthin and citrus bioflavonoids. 

b Evidence for a favorable effect exists for those with BMI <30 kg/m2 or ≥60 
years old and with a vitamin D dose of ≥1000–2000 IU/day. 

c Vitamin D supplementation may reduce the risk of hospitalization but not 
the risk of infection or mortality from COVID-19. 
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• The optimal dosage (weekly or daily) and duration  
• The distinct benefit of the combination of calcium and vitamin D  
• The optimal 25(ΟН)D range (lower and upper thresholds) to obtain 

skeletal and non-skeletal benefit. 

5. Summary key points  

• Vitamin D deficiency, especially the severe form, compromises 
menopausal skeletal health, and is associated with low BMD and 
increased risk of fractures.  

• Vitamin D deficiency may worsen menopausal symptoms, although 
the evidence is not robust and does not derive from studies con-
ducted exclusively in postmenopausal women.  

• Vitamin D deficiency is associated with increased cardiovascular risk 
factors, mainly metabolic syndrome, type 2 diabetes and 
dyslipidemia.  

• Vitamin D deficiency, especially the severe form, is independently 
associated with increased risk of cardiovascular events (coronary 
heart disease, stroke, mortality), cancer (i.e., colorectal, lung and 
breast) and infections, including COVID-19.  

• Concerning vitamin D supplementation, heterogeneity exists among 
studies in terms of the population studied, baseline vitamin D status, 
the dose of vitamin D, the co-administration of calcium and the 
duration of intervention.  

• Vitamin D doses of 800–2000 IU/day (20–50 μg/day) may provide 
anti-fracture benefits only when co-administered with calcium 
(1000–1200 mg/day), especially in the elderly populations and those 
with severe vitamin D deficiency.  

• No effect of vitamin D supplementation on menopausal symptoms 
has been shown by RCTs, except for vulvovaginal atrophy.  

• Vitamin D supplementation may have a modestly beneficial effect on 
lipid profile and glucose homeostasis.  

• No effect of vitamin D supplementation has been shown on the risk of 
CVD events or cancer outcomes, except for a modest decrease in 
overall cancer-related mortality.  

• Vitamin D supplementation may decrease the severity of COVID-19 
infection (inconsistency exists regarding the risk of infection and 
mortality). 
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