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Abstract
Summary  A balanced and healthy diet during the menopausal transition and after menopause is crucial for women to reduce 
the risk for morbidities and chronic diseases due to deficiency of essential nutrients.
Purpose  The objective of this study was to conduct a systematic review of studies that analyzed the impact of vitamin and 
nutrient deficiencies in postmenopausal women in relation to increased morbidities and chronic conditions.
Methods  Observational studies were searched in the databases PubMed, UpToDate, and Google Scholar.
Results  We searched 122 studies, of which 90 were included in our analysis. The meta-analysis of the data could not be per-
formed because of the heterogeneity of the statistical methods in the included studies. In our study, we focused on the aspects 
of vitamin B6, vitamin B12, vitamin D, iron, omega-3-fatty acids, and lycopene, belonging to the family of carotenoids. 
Postmenopausal women with deficiencies of these nutrients are more vulnerable to comorbidities such as cardiovascular and 
cerebrovascular events, metabolic diseases, osteoporosis, obesity, cancer and neurodegenerative diseases such as Parkinson’s 
disease, Alzheimer’s disease, depression, cognitive decline, dementia, and stroke. We concluded that women after menopause 
tend to have a greater probability of suffering from deficiencies in various vitamins and nutrients, and consequently have an 
increased risk of developing morbidities and chronic diseases.
Conclusion  In conclusion, maintaining optimum serum levels of nutrients and vitamins, either through a balanced and healthy 
diet consuming fresh fruits, vegetables, and fats or by taking appropriate supplementation, is essential in maintaining optimal 
health-related quality of life and reducing the risk for women during the menopausal transition and after menopause. Never-
theless, more recent studies need to be assessed to formulate adequate recommendations to achieve positive clinical outcomes.

Keywords  Postmenopause · Vitamin deficiency · Chronic diseases · B-vitamins · Omega-3-fatty acids · Vitamin D · 
Lycopene · Iron · Micronutrients · Diet · Osteoporosis · Neurodegenerative and cardiovascular diseases

What does this study add to the clinical work 

Women during the menopausal transition and 
after menopause are at an increased risk of having 
deficiencies or changing levels of vitamins and 
nutrients. This article provides and overview of the 
possible consequences and recommendations to 
reduce risk of developing morbidities and chronic 
conditions due to unbalanced levels of nutrients.
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Introduction

Menopause is divided into three stages: (1) perimenopause 
or menopausal transition which is the time interval 
of decreasing ovarian function resulting in irregular 
menstruation cycles, (2) menopause, which is the permanent 
cessation of menstruation which is diagnosed after 
12 months of amenorrhea and can only be retrospectively 
detected, and (3) postmenopause, which begins 12 months 
after last menstruation [1].

Vitamins play a crucial role in human homeostasis; 
therefore, adequate levels of vitamins, ferritin, lycopene, and 
omega-3-fatty acids are important to preserve an optimal 
health-related quality of life [2].

While with increasing age in men and women, energy 
needs decrease, micronutrient requirements stay the 
same, and thus, menopausal women require specific 
food that provides a higher nutrient density to obtain an 
optimal level of vitamins and micronutrients. Therefore, 
through menopausal transition, levels of these nutrients 
are likely to change, thus bringing an imbalance into 
the woman's body and as a consequence, leading to an 
increased risk for morbidities. Consequently, women are 
more vulnerable to comorbidities such as cardiovascular 
events, metabolic diseases, osteoporosis, obesity, cogni-
tive decline, depression, dementia, and cancer  [3, 4] 
(Fig. 1).

As dietary supplements are over-the-counter medi-
cine and no prescription is needed, supplements such as 
vitamins, minerals, carotenoids, and omega-3-fatty acids 
are widely used in Western countries. 25 percent of Ger-
man women take supplements daily for the prevention of 
chronic diseases and the proportion of postmenopausal 
women taking supplements regularly is even higher [4] 
(Fig. 2).

Vitamin complexes, iron, lycopene, and omega-3-
fatty acids are essential nutrients that perform important 
functions in different body systems and are therefore 
crucial for maintaining optimal health [3, 5, 6] (Table 1).

Vitamin B complexes are crucial in energy production, 
mood and mental  stabil i ty,  cardiovascular and 
cerebrovascular, as well as neurodegenerative diseases. 
The fat-soluble vitamin D is a vitamin that the body 
can either synthesize on its own after sun exposure 
or is ingested with food or supplements. Vitamin D is 
responsible for many essential functions in the human 
body, including the maintenance of serum levels of 
calcium and phosphorus concentration, regulating 
intestinal calcium absorption, as well as bone and renal 
calcium resorption, and is also important for skeletal 
mineralization and the regulation of parathyroid hormone 
production [1, 5] (Table 2).

Iron is an essential trace element that the body requires 
for proper function and development and is involved in a 
wide range of physiological and pathological processes. 
Ferritin serves as the most widely used serum marker of 
total body iron stores [7, 8]. Iron is second to estrogen in 
terms of importance for a woman’s body development. 
Iron, an important growth nutrient, is needed for oxygen 
transport, DNA synthesis, and energy production [9].

Fatty acids are crucial for many systems in the body, 
such as the cardiovascular, pulmonary, immune and 
endocrine systems, as well as being involved in the brain 
and eyes. Furthermore, omega-3-fatty acids have anti-
inflammatory, cardio-protective and insulin-sensitizing 
effects, as well as bone-protective properties [1].

Carotenoids are biopigments that are synthesized by 
plants and microorganisms. Fruits and vegetables are the 
main sources of carotenoids in the human diet  [10, 11]. 
Carotenoids have many different beneficial and protective 
functions and therefore are helpful in preventing chronic 
diseases, including cardiovascular diseases, certain 
cancer types, and other chronic conditions [10, 12, 13].

The phytochemical lycopene plays a very important 
role in the carotenoid family. Lycopene is a lipid-
soluble antioxidant that is responsible for the red color 
of different vegetables and fruits, especially tomatoes. 
Lycopene is absorbed in the human body across the 
gastrointestinal tract via a chylomicron mechanism  [10, 
14]. Processed tomato products absorb lycopene more 
efficiently compared with raw tomato products [10, 15]
Tomatoes, watermelon, pink guava, pink grapefruit, 
papaya, and apricot are vegetables and fruits that are 
very rich in lycopene [10].

Materials and methods

Search strategy

This systematic review is based on database research of 
cross-sectional studies, randomized-controlled studies, 

Fig. 1   Distribution of Lycopene content in different tomato products 
[10]
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meta-analyses, and systematic reviews on micronutrient defi-
ciencies and their correlation with risk of chronic diseases 
in postmenopausal women. The data search was performed 
via PubMed, UpToDate, and Google Scholar databases. The 
systematic review was performed according to the PRISMA 
2020 Statement (Table 3).

Inclusion criteria

Studies carried out in women during the menopausal 
transition;
Studies carried out in women after menopause;
Studies published either in English or German languages;
Studies carried out with ethical approval;

Fig. 2   PRISMA flow chart of literature search

Table 1   Selected types of fruits and vegetables with the amount of 
Lycopene in µg/g wet weight [10]

Fruits and vegetables Lycopene 
(µg/g wet 
weight)

Tomatoes 8,8–42,0
Watermelon 23,0–72,0
Pink guava 54,0
Pink grapefruit 33,6
Papaya 20,0–53,0
Apricot  < 0,1

Table 2   Daily Recommendation of nutrients in postmenopausal 
women [16–19]

Nutrient Daily recommendation 
in postmenopausal 
women

Vitamin B6 1,5 mg/d
Vitamin B12 2,4 µg/d
Vitamin D 20 µg/d (800 IU)
Iron 8 mg/d
Omega-3-fatty acids 2–4 g/d
Lycopene  > 30 mg/d



2238	 Archives of Gynecology and Obstetrics (2024) 310:2235–2245

Dietary intervention applied within the studies while 
using either appropriate food products or supplementation.

Exclusion criteria

Studies carried out in a mixed population (female/male);
Studies carried out in a group of premenopausal women;
Studies carried out in animal models;
Studies with inaccurate descriptions of methodology and 
results.

Selection process

After the above-described search strategy, a total of 122 
publications with relevant titles were found. From the search 
results, the studies that met the mentioned criteria were 
selected for inclusion in the study.

Results

We identified 122 studies. Ninety met the inclusion criteria 
and were used for our study.

Vitamin B6

The study by Dennehy and Tsourounis shows that high levels 
of homocysteine caused by vitamin B6 deficiency can be 
seen in postmenopausal women [5]. In 2006, Ramakrishnan 
et al. revealed elevated homocysteine levels in vitamin B6 
deficiencies [20]. Elevated homocysteine levels found by 
Boushey increase the risk of cardiovascular and cerebro-
vascular diseases [21]. These results are confirmed by the 
study of Shenoy et al. for the severity of coronary diseases 
[22]. Fasting serum homocysteine levels were significantly 
elevated in patients with coronary artery disease compared 
to patients without coronary artery disease (p < 0.001) [23]; 
additionally, Shenoy et al. stated that the level of elevated 

homocysteine is correlated with the severity of coronary 
artery disease (p < 0,001) [22].

As vitamin B6 is involved in the synthesis of certain 
neurotransmitters, such as serotonin and dopamine, it 
plays a crucial role in the regulation of mood and mental 
function. Therefore, studies by Hvas et al. and Dennehy and 
Tsourounis, as well as a meta-analysis and systematic review 
by Wu et al. suggest that a decreased level of vitamin B6 
might contribute to the development of depressive symptoms 
[5, 24, 25]. Supplementation of vitamin B6 decreases the 
level of circulating homocysteine [5, 26, 27].

Dietary sources of vitamin B6 include whole unprocessed 
foods including beans, meat, fish, and certain fruits and 
vegetables as well as fortified cereals [5].

Vitamin B12

One of the major risk factors for coronary artery disease 
is endothelial dysfunctional atherosclerosis. As vitamin 
B12 and folic acid are involved in the metabolic processes 
of homocysteine, hyperhomocysteinemia may lead to a 
deficiency in folic acid and vitamin B12 and result in an 
increased risk for cardiovascular diseases, stroke, and 
Alzheimer’s [5, 28, 29].

These statements are reinforced by Selhub et al., Dennehy 
and Tsourounis, and Butola et al. [5, 29, 30].

Selhub explains that a deficiency of vitamin B12 over 
a constant period might consequently lead to cognitive 
dysfunction [30]. These investigations are reinforced by 
Boushey, Seshardri et al. and Butola et al. who suggest that 
in postmenopausal women, low levels of vitamin B12 and 
high levels of homocysteine cause oxidative stress which 
over time lead to silent injuries in the brain, thus resulting 
in calcium inflow and apoptosis [21, 29, 31]. Therefore, 
prolonged low levels of vitamin B12 can lead to serious 
cognitive dysfunction [30].

Butola et  al. provided evidence for the associations 
between vitamin B12 deficiency and decreased bone mineral 
density, leading to increased elderly fragility and disability 

Table 3   The applied criteria for a population, intervention/exposure, comparator, outcome and study design (PICOS)

PICOS Inclusion criteria Exclusion criteria

Population Women in menopausal transition/ postmenopausal women Women before menopause/ mixed populations
Intervention/Exposure Vitamin and micronutrient deficiency after menopause Vitamin and micronutrient deficiency concerning not the 

appropriate population
Comparison Effectiveness of dietary intervention/ supplementation in 

relation to increased morbidity after menopause compared 
to non-adapted dietary habits

Effectiveness of dietary intervention/ supplementation 
influenced by interfering variables

Outcome Decreased risk of developing morbidities due to insufficient 
vitamin and micronutrient levels related to menopause

Outcomes concerning mixed populations

Study design Cross-sectional studies, randomized controlled studies, 
meta-analyses, and systematic reviews

Studies not published in either English or German 
languages
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[29]. They highlighted the relationship between low levels 
of vitamin B2, B12, folic acid, and homocysteine.

High levels of homocysteine affect bone blood flow, 
increase the metalloproteinase matrix, and interfere with 
the cross-linking of collagen, which is essential as collagen 
cross-linking provides stability and strength to the bone 
matrix collagen network [29, 32].

Reynolds, Penninx as well as Hanna, Lachover and 
Rajarethinam [33–35], and Butola et  al. [29] showed 
associations between vitamin B12 deficiency and anemia, 
neuropathy and neuropsychiatric diseases. Butola et  al. 
mentioned the association between low B12 levels and 
neurological symptoms such as tingling sensations in the 
hands and feet and possible peripheral nerve damage leading 
to problems in movement and coordination [29].

As dementia, depression and mental impairment are 
associated with a deficiency in vitamin B12, Hanna, 
Lachover, and Rajarethinam mentioned the involvement of 
vitamin B12 and folic acid in the synthesis of monoamines, 
such as dopamine and serotonin, that are implicated in 
the pathophysiology of neuropsychiatric disorders such 
as depression and psychosis [35]. Furthermore, Butola 
et al. stated that age-related macular degeneration results 
from vitamin B12 deficiency [29]. Zampatt et al. in the 
Blue Mountain Eye study, compared the levels between 
homocysteine, vitamin B12, and folic acid and concluded 
that serum homocysteine levels > 15 µmol/l are associated 
with a greater risk for age-related macular degeneration, 
which accounts for one of the major causes for disability 
due to loss of vision. They mentioned a randomized trial of 
5442 females in which participants who were supplemented 
with vitamin B12, B9, B6, and folic acid daily showed a 
decreased risk of age-related macular degeneration [36].

Vitamin D

In 2020, Pérez-López, Chedraui, and Pilz identified that 
postmenopausal women are at an increased risk for vitamin 
D deficiency [37]. Ko and Kim found an association 
between vitamin-D-deficient postmenopausal women and 
an alteration in lipid profile [1]. This was also shown by 
Pérez-López, Chedraui, and Pilz, who provided evidence 
suggesting that low levels of vitamin D are linked to 
metabolic syndrome, high triglyceride levels, and low HDL 
cholesterol levels. Pérez-López, Chedraui, and Pilz as well 
as Ko and Kim highlighted the inverse relationship between 
serum levels of 25(OH)D and fat mass, and in 2007, Holick 
proved that obesity diminishes the bioavailability of serum 
vitamin D levels [1, 37, 38]. Ko and Kim referred to a 
cross-sectional study suggesting that obese postmenopausal 
women are more vulnerable to vitamin D deficiency because 
high serum 25(OH)D levels inversely correlate with BMI, 
adiposity and waist–hip ratio [1]. Pérez-López, Chedraui, 

and Pilz reinforced this statement by referring to a double-
blind RCT suggesting that daily supplementation of 1000 IU 
of vitamin D in postmenopausal women positively affects 
metabolic risk profiles and increases serum 25(OH)D levels. 
Vitamin D deficiency increases the risk for the development 
of secondary hyperparathyroidism, high bone turnover, 
bone loss, mineralization defects, muscle weakness, and 
postmenopausal osteoporosis resulting in higher fracture 
risk [2].

Menopause is the biggest risk factor for osteoporosis 
[39] and more than 50% of postmenopausal women take 
medication due to suboptimal levels of 25(OH)D to prevent 
osteoporosis [38]. Dennehy and Tsourounis suggested in 
their study that daily supplementation of 700–800 IU of 
vitamin D3 and 500–1200 mg of calcium may significantly 
increase the BMD of the total body, spine, femoral neck, 
and hip, promote stability and muscle strength, and prevent 
postmenopausal osteoporosis, thus reducing fracture risk in 
postmenopausal women [5].

Rizzoli et al. referred to recommendations posed by the 
European guidance for the diagnosis and management of 
osteoporosis in postmenopausal women, i.e., daily intake 
of 800 IU of vitamin D, 1000 mg/day of calcium, and 1 g/
kg body weight of protein for all women aged over 50 years 
[39]. With increasing age, vitamin D3 concentration is much 
lower and less efficient in elderly women compared with 
young adults. This is due to insufficient sunlight exposure 
and a decrease in the functional capacity of the skin to 
synthesize vitamin D3 under the influence of UV light [40].

The studies by Lee et al., Anderson et al., Dennehy and 
Tsourounis, as well as Mozos and Marginean showed that 
low vitamin D levels in postmenopausal women are linked 
to increased risk of cardiovascular events [5, 41–43].

Iron

In 2000, Zacharski et  al. (according to NHANES III) 
detected an inverse relationship between decreasing estrogen 
levels and increasing iron levels during the menopausal 
transition [44]. As estrogen decreases due to the cessation 
of ovarian functions, ferritin levels increase in concentration 
when comparing pre- and postmenopausal women as the 
result of decreasing menstrual periods and, therefore, 
elevated ferritin levels are very likely to affect the health of 
postmenopausal women. The massive decline in estrogen 
during the menopausal transition is the main causative factor 
for climacteric symptoms [44–46]. Jian, Pelle, and Huang 
in the NHANES III study demonstrated that women who 
experience hot flashes during the menopausal transition 
also have elevated serum ferritin levels [46]. In 2009 Jian, 
Pelle and Huang, in 2015 Ma et al., and in 2018 Zhang et al. 
described a two-to-three-fold increase in serum ferritin 
levels during the menopausal transition [8, 46, 47].
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Ma et al. showed an association between high serum 
ferritin levels and increased cardiovascular events in 
postmenopausal women [8]. This was likewise confirmed 
by Zacharski, Shamayeva, and Chow [48]. Excess iron 
most often accumulates in the heart and the liver, leading 
to injury due to chronic free radicals and eventually 
causing progressive heart and liver failure [7]. Elevated 
iron levels in postmenopausal women contribute to an 
increased risk of cardiovascular events, breast cancer via 
oxidative-stress pathways and osteoporosis [49–51]. This 
was shown by Jian et al. who provided evidence suggesting 
that high levels of iron and estrogen are crucial in the 
incidence of low-grade estrogen-receptor-positive breast 
cancer [52].

While iron increases during menopause, the skin is 
exposed to a greater amount of iron therefore leading to 
oxidative stress that consequently makes the skin more 
vulnerable to UV damage and expedites the aging process 
[46].

Yamasaki and Hagiwara demonstrated that osteoporosis 
can be caused by high iron levels due to its inhibitory effect 
on osteoblastic proliferation and differentiation [53]. In 
2012, Li et al. presented the same outcome—iron overload 
being linked to increased bone resorption, oxidative 
stress, and altered bone microarchitecture, consequently 
causing bone density loss [51]. The study by Chen et al. 
provided evidence suggesting that postmenopausal women 
with fractures have decreased bone mineral density and 
increased serum ferritin levels [54]. Chen et al. referred 
to their retrospective study in which they analyzed women 
aged older than 70 years with a hip fracture who showed 
elevated serum ferritin levels together with significantly 
reduced bone mineral density. They pointed to a team of 
scientists in Seoul that analyzed a 3-year longitudinal health 
promotion center-based study, in which they assessed 789 
middle-aged men and 940 postmenopausal women. They 
found a linear association between increased serum ferritin 
levels and vertebral fracture prevalence in postmenopausal 
women, whereas these correlations could not be detected in 
the male control group. They also highlighted other studies 
that demonstrated that in healthy women, aged older than 
47 years, an association between elevated serum ferritin 
levels and an accelerated rate of bone loss was found, 
therefore suggesting that women are at an increased risk 
of osteoporosis during their menopausal transition and that 
their serum ferritin levels should be regularly checked [54].

Several studies show the crucial role of hepcidin, a 
regulator of iron homeostasis, in the development of 
postmenopausal osteoporosis. Li et  al. explained that 
through the binding of hepcidin to the iron transport protein, 
ferroportin, and the consequent reduction in ferroportin 
activity, iron uptake and transport from the gastrointestinal 
system to the circulatory system could be reduced and 

inhibited [51]. He referred to the study by Rivera et al. 
that showed a 70% reduction of serum iron levels that 
lasted for 3 days in mice that received injections of human 
hepcidin [51, 55]. Li et al. demonstrated that hepcidin could 
play a promising role in the prevention and treatment of 
osteoporosis and referred to deferiprone, as hepcidin is 
not a drug [51]. Zhang et al. also provided evidence for 
the beneficial effects of hepcidin in the management of 
osteoporosis [47].

Omega‑3‑fatty acids

In 2014 Koren et al. and Shen et al. provided evidence 
supporting the effect of omega-3 fatty acids on bone health 
due to their anti-inflammatory characteristics [56, 57]. 
Omega-3 fatty acids are involved in the suppression of 
bone resorption and prevention of bone loss [57, 58]. As 
postmenopausal women are susceptible to osteoporosis, 
which is characterized by decreased bone mineral density, 
increased bone turnover, and therefore a higher risk of 
fractures, omega-3 fatty acids may have a slight decreasing 
effect on bone turnover markers [57]. Kruger and Horrobin 
showed a positive effect of fatty acids in the absorption of 
calcium and the prevention of urinary calcium loss [59]. 
This was also evidenced in 2007 by Griel et al. and Shen 
et al. [57, 60].

Studies by Fenton et al., Shen et al., and Griel et al. all 
demonstrated beneficial health effects of omega-3 fatty acids 
on cognitive performance, prevention of cardiovascular 
and cerebrovascular diseases, and support of the immune 
system [57, 60, 61]. A study in 2013 by Luchtman and Song 
likewise evidenced that sufficient intake of omega-3 fatty 
acids restores cognitive function [62].

Lycopene

Studies have established the positive link between a 
balanced diet and higher tissue concentration of carotenoids, 
consequently lowering the risk of developing chronic 
diseases and certain types of cancer [14, 63, 64].

The major functions of the potent antioxidant lycopene 
are to remove free radicals, alleviate oxidative stress, 
modulate immune function, prevent cardiovascular 
diseases, improve bone health, and prevent postmenopausal 
osteoporosis and hypertension [65–70]. Several reports show 
that lycopene can prevent cardiovascular diseases [10, 69]. 
Epidemiological studies highlight the inverse association 
between low levels of lycopene and the incidence of 
coronary heart diseases. Fuhrman, Elis, Aviram as well as 
Rao, Ray, L.G. Rao and Rao, Rao reported that lycopene 
can reduce oxidized LDL and serum total cholesterol levels 
thus lowering the risk of cardiovascular diseases [10, 65, 
69]. Furthermore, associations between hypertension and 
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oxidative stress are recognized; thus, several studies have 
reported that lycopene significantly reduces elevated blood 
pressure [10, 67, 68].

Lycopene has anti-tumor effects and decreases the 
risk of certain cancer types through its protection of cells 
from oxidative stress and damage [69–71]. Additionally, 
Palozza et al. in 2011 and Peng et al. in 2017 provided 
evidence for lycopene’s protective features by regulating 
growth factor signaling, cell cycle arrest, induction of cell 
cycle apoptosis, and inhibition of cell invasion, angiogen-
esis, and metastasis [71, 72]. Some types of cancer in 
which lycopene might have a protective role are breast, 
cervical, ovarian, liver, lung, and prostate [10]. Levi et 
al., Hultén et al., and Sato et al. provided evidence for 
strong inverse associations between serum lycopene levels 
and breast cancer risk [72–74]. Peng et al. concluded that 
lycopene has a positive effect on MCF-7 human breast 
cancer cells. They treated MCF-7 cells with lycopene at 
different concentrations and for different durations. The 
number of MCF-7 cells showed a significant decrease as 
well as shrinkage and breakage after lycopene treatment 
with significant results while increasing concentration and 
prolonging treatment duration. They concluded that lyco-
pene arrests cells at the G0/G1 phase, causing inhibition 
of MCF-7 cell proliferation and inducing cell apoptosis, 
thus giving evidence that lycopene has anti-tumor effects 
on estrogen receptor-positive breast cancer cells [75]. In 
2015 and 2017, respectively, Asbaghi et al. and Peng et al. 
stated that patients with pulmonary cancer showed signifi-
cantly lower serum lycopene levels compared with healthy 
individuals [75, 76].

Studies report that lycopene has a positive effect 
on bone health due to its stimulatory effect on cell 
proliferation, on differentiation marker alkaline 
phosphatase of osteoblasts, and on its inhibition effect 
on osteoclast formation as well as resorption [77–79]. 
Rao et al. presented a direct correlation between serum 
lycopene levels in postmenopausal women and oxidative 
stress and bone turnover markers; therefore, antioxidants 
may counteract oxidative stress that is associated with 
the development of osteoporosis [77–79]. Walallawita 
et al. suggested that lycopene shows positive properties 
in preventing bone loss in postmenopausal women and 
referred to the beneficial effect of proper lycopene intake 
and the reduction of bone resorption markers [19].

Oxidative stress is a causative agent that plays a 
crucial role in the pathogenesis of neurodegenerative 
diseases, such as Parkinson’s disease, Alzheimer’s 
disease, depression, and stroke. Different studies report 
that significantly low levels of lycopene are seen in 
patients with Parkinson’s disease and vascular dementia 
[80]. Low levels of lycopene increase the risk of 
cerebral microangiopathy [81] and indicate the possible 

protective role of lycopene concerning the development 
of amyotrophic lateral sclerosis [82]. The studies by 
Chen et al. and Saini et al. provided evidence suggesting 
that inhibiting oxidative stress, neuroinflammation, and 
suppressing neuronal apoptosis have therapeutic and 
prophylactic effects on various neurogenerative diseases 
and can restore mitochondrial function [83, 84]. As an 
antioxidant, lycopene is essential in the prevention of 
many diseases and contributes to an improvement in 
quality of life [70].

Discussion

Women during the menopausal transition and after 
menopause are at an increased risk of having deficiencies or 
changing levels of vitamins and nutrients. Due to unbalanced 
levels of these nutrients, postmenopausal women are more 
vulnerable to developing morbidities and chronic conditions 
compared with premenopausal women.

B vitamins

Studies by Dennehy and Tsourounis as well as Ramakrishnan 
et al. suggested that in postmenopausal women, vitamin B6 
deficiency can lead to elevated levels of the amino acid 
homocysteine [5, 20].

Selhub et al. referred to a case–control study of 164 
patients confirmed with dementia of the Alzheimer’s type in 
which patients showed a significant increase in homocysteine 
and low levels of vitamin B12 and folic acid [30].

Osteoporosis affects one-third of postmenopausal 
women; therefore, menopause is the biggest risk factor for 
osteoporosis in women aged over 50 years [39]. Butola et al. 
analyzed an association between low levels of vitamin B12 
and decreased bone mineral density and a consequently 
increased risk of fragility and elderly disability [29].

Vitamin D

Postmenopausal women are at an increased risk of 
developing vitamin D deficiency, which is linked to diet, 
lifestyle, changes in body composition, insulin sensitivity, 
and reduced physical activity [37].

Pérez-López, Chedraui, and Pilz referred to a double-
blind RCT from a Brazilian research group, which showed 
that daily supplementation of 1000 IU of vitamin D3 in 
50–65 year old postmenopausal women in a time interval 
of 9 months positively affected metabolic risk profile and a 
significant increase (+ 45.4%) of serum 25(OH)D levels in 
women that had a regular intake of vitamin D supplement 
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compared with the placebo group, which showed a decrease 
(− 18.5%) in serum levels of vitamin D (p = 0.0049) [37]. 
Ko and Kim reported a cross-sectional analysis of 292 
postmenopausal women, which suggested that higher 
serum 25(OH)D levels are inversely correlated with BMI, 
adiposity, and waist–hip ratio; thus, obese postmenopausal 
women are more vulnerable to low serum vitamin D 
levels [1]. Pérez-López, Chedraui, and Pilz reported that 
postmenopausal women are highly vulnerable to develop a 
Vitamin D deficiency [37].

Regarding a relationship between vitamin D deficiency 
and breast cancer or cognitive decline, the results are either 
very controversial or show no association [1, 85, 86]. 
Wiacek et al. concluded in their study that an age-dependent 
rise in serum levels of vitamin D is not significant enough to 
prevent age-dependent diseases including postmenopausal 
osteoporosis and/or Alzheimer’s disease [2, 86].

Iron

High levels of serum ferritin are associated with several 
health problems. Therefore, postmenopausal women 
are at an increased risk of cardiovascular events. The 
study by Ma et al. investigated a total number of 1178 
Chinese postmenopausal women and they concluded 
elevated serum ferritin levels have a relatively strong 
positive correlation with cardiovascular events, such 
as carotid atherosclerosis. They highlighted that the 
deposition of ferritin in the blood vessels can be involved 
with the oxidation of lipids and formation of oxidized 
LDL-cholesterol, thus contributing to the development 
of foam cells and the progression of atherosclerosis 
[8]. Nevertheless, the theory of association between 
elevated serum ferritin levels and the risk of developing 
cardiovascular diseases remains controversial. Ma 
et al. referred to some studies that point out contrasting 
statements. A randomized, controlled, single-blinded 
clinical trial with 1277 participants proved no statistical 
significance in the reduction in mortality, nonfatal 
myocardial infarction, or stroke when reducing ferritin 
levels in patients with symptomatic peripheral artery 
disease [8, 87]. In contrast to the theory by Zacharski 
et  al., Zacharski, Shamayeva, and Chow provided 
evidence that a reduction in serum ferritin levels can 
reduce cardiovascular risk and a low ferritin burden 
predicts improved outcomes [8, 48]. Ma et al. suggested 
that postmenopausal women with increased serum ferritin 
levels should receive management of cardiovascular risk 
factors to prevent cardiac-related health problems [8].

Besides the potential increased cardiovascular risk in 
relation to elevated serum ferritin levels, Huang suggested 
that increased concentrations of iron contribute to increased 
vulnerability to breast cancer via the oxidative-stress 

pathway in postmenopausal women [50]. This statement is 
strengthened by a study from Jian et al., in which enhanced 
cell proliferation in estrogen-receptor-positive cells was 
shown due to high levels of estradiol and ferritin; therefore, 
he concluded that high levels of iron in postmenopausal 
women together with estrogen levels might play a crucial 
role in the incidence of low-grade but estrogen-receptor-
positive breast cancer [52].

Omega‑3‑fatty acids

As omega-3 fatty acids have many different beneficial 
health effects, the positive effect on bone health shows 
conflicting evidence [57]. Omega-3 fatty acids have 
beneficial effects on bone health due to their anti-
inflammatory actions [56]. Nevertheless, statements 
concerning the positive effect on bone turnover markers 
are very controversial. Several RCTs which were 
included in the meta-analysis by Shen et  al. provide 
evidence that the intervention of omega-3 fatty acids 
significantly reduces bone formation marker osteocalcin, 
but the efficacy in affecting serum bone-specific alkaline 
phosphatase, a bone formation marker, and collagen 
type-I cross-linked C-telopeptide, a bone resorption 
marker, did not show statistical significance [57]. 
Controversially, Kajarabille et al. demonstrated in the 
systematic review evidence for the supporting benefits 
of omega-3 fatty acids on bone turnover markers and bone 
health [58]. Kajarabille et al. and Shen et al. highlighted 
that omega-3 fatty acids are involved in the suppression 
of bone resorption and prevention of serious bone loss, 
because omega-3-fatty acids decrease prostaglandin 
E2, which in turn decreases nuclear factor-κ B ligand 
(RANKL) expression and increases osteoprotegerin 
production [57, 58]. Besides the effects on bone health, 
omega-3 fatty acids play a crucial role and have numerous 
beneficial health effects on cognitive performance and the 
prevention of cardiovascular and cerebrovascular diseases 
and are also involved in the immune system [57, 61]. A 
sufficient supply of omega-3 fatty acids may help to 
restore cognitive function [62]. Therefore, it is important 
to consume proper levels of omega-3 fatty acids regularly 
due to their numerous beneficial health effects [57].

Lycopene

Several studies provide evidence for the positive correlation 
between higher dietary intake as well as tissue concentration 
of carotenoids and lower risk of chronic diseases [10, 14, 63]. 
As lycopene is a potent antioxidant, it can protect cells from 
oxidative stress and damage, thus reducing the risk of several 
types of cancer. Positive associations between increased serum 
levels of lycopene and significantly reduced risk for cancer 
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have been demonstrated by different studies [14, 69, 71]. The 
effect of lycopene in reducing the risk of breast cancer remains 
controversial. Some studies show no positive effect [88–90], 
while other studies establish a positive correlation between 
lycopene intake and reduced risk of developing breast cancer 
[90]. A Swiss case–control study with 289 cases by Levi et al 
[72], a case–control study of 295 U.S. women by Sato et al. [74], 
and a nested case–control study of Swedish postmenopausal 
women [73] all reported a strong inverse association between 
serum lycopene levels and breast cancer risk.

Conclusion

In conclusion, maintaining optimum serum levels of 
nutrients and vitamins, either through a balanced and 
healthy diet consuming fresh fruits, vegetables, and fats 
or by taking appropriate supplementation, is essential 
in maintaining optimal health-related quality of life 
and reducing the risk for women during the menopausal 
transition and after menopause. Confirmed evidence of 
the benefit of the supplementation of vitamin B6, vitamin 
B12, and vitamin D exists regarding the improvement of 
cardiovascular and cerebrovascular diseases, neurological 
symptoms, metabolic risk profiles, and osteoporosis. 
Appropriate levels of iron positively improve climacteric 
symptoms, decrease the risk of cardiovascular diseases, 
including heart failure and liver failure, and decrease risk 
of breast cancer and osteoporosis. Supplementing omega-
3-fatty acids benefits the immune system and improves 
cognitive performance and outcomes for osteoporosis 
and cardiovascular/cerebrovascular disease. Lycopene 
removes free radicals, alleviates oxidative stress, benefits 
bone health, prevents postmenopausal osteoporosis and 
hypertension, and decreases the risk of certain cancer 
types.

However, the importance and effect of optimal dietary 
habits and nutritional supplements in menopausal women 
or women in menopausal transition needs to be explored 
further and should be addressed in future studies.

Maintaining an optimal level of daily nutritional intake 
should be considered as an important topic for further 
research, as decreasing the risk of developing chronic 
diseases plays, by implication, a significant role in the 
economic health system.
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