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Abstract. Proper nutritional intake is essential for human wellbeing. To ensure effective nutrition, it is neces-
sary to follow a healthy diet; in order to provide all nutritional elements adequate to lifespan, it is important 
to take into account sex, gender and age. Particularly, sex refers to the sum of biological characteristics that 
determine whether an individual is female, male and/or intersex, gender includes the roles, behaviours, activi-
ties, and attributes that a given society, at a given time, considers appropriate for men and women. Climate 
changes, pollution and global socio-economic disparities can compromise food production, making healthy 
diet more expensive and less available. There are still large areas of food insecurity, mainly in low and middle-
income countries, where women are disadvantaged in term of access to healthy food. The eating habits of 
women and men are influenced by differences in body composition and energy expenditure, but also by 
stereotypes and psychological factors. Malnutrition, either for “defect” or for “excess”, has different effects in 
both sexes with important consequences on individual health, but can also damage the offspring with epige-
netic mechanism. 
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Socio-economic status and gender gap in nutrition

The second objective of 2030 Agenda for Sustain-
able Development includes ending hunger, achieving 
food security, improving nutrition and promoting sus-
tainable agriculture (Sustainable Development Goals, 
SDG). Socio-economic status has a strong impact on 
maintaining food security for populations but nowa-
days there is still a gender gap also in countries with 
the highest incomes. Food insecurity is more preva-
lent among adult women more than men all around 

the world; and the gender gap expanded considerably 
in 2020 and 2021 due to the COVID-19 pandemic as 
women were more affected by job and income losses. 
In 2021 the gender gap affecting women reached 3,8%; 
falling to 2,3% in 2022 as work and economic activi-
ties resumed and falling to 1,3% in 2024 (1). Accord-
ing to ISTAT (Italian National Institute of Statistics), 
the prevalence of moderate or severe food insecurity in 
Italy was 1,5% in 2023 (down 0.8% compared to the 
previous year), with a wide difference between South 
(2,7%) and the rest of the country (0.8% in the North, 
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1% in the Centre). No significative difference was 
found between women and men (2). Healthy diet is 
based on a wide range of fresh or minimally processed 
foods, balanced across food groups, while limiting the 
consumption of highly processed foods and beverages 
is limited. The most socio-economically disadvan-
taged population groups, and, women in general, are 
at greater risk of not following a healthy diet, which 
is more expensive than a “globalised” diet. Due to the 
economic crisis enhanced by ongoing war and climate 
events, FAO (Food and Agricultural Organization), 
with the support of World Bank Data Group, system-
atically monitors the Cost and the Accessibility of a 
Healthy Diet (CoAHD). In 2022, at power parity per 
person per day, the cost was 3,96 dollars, increased to-
wards 2021 (3,66$) (3). Food protein sources of high 
biological value, precious micronutrients and fresh 
vegetables are more expensive than carbohydrates and 
cereal based products. Mediterranean diet, one of most 
healthy for people and sustainable for the environment 
on our planet, is constantly threatened by the expo-
nential increase of the costs of its ingredients.

Eating behaviour, psychological factors and gender 
stereotypes

Nutritional adequacy consists of the stable 
achievement of energy and nutrients levels appro-
priate to gender, age, physiological and pathologi-
cal conditions through a healthy diet. In addition to 
biological factors (sex) several other conditions such 
as environmental, socio economic, cultural and psy-
chological factors also play a role in gender differences 
(4). Stereotypes about female body image lead women 
to adopt different eating habits. Although women are 
aware of the need to manage their own nutrition and 
that of their families, they tend to take care of their 
families’ nutrition and often, mainly in low-income 
countries, they eat last, in smaller quantities, and eat 
poorer quality food (5). Eating behaviour is acquired 
through a learning process that begins in childhood. 
This process is the result of complex biological and 
cultural mechanisms that have developed over cen-
turies and influence people’s eating habits in different 
ways. Woman has always been the main protagonist 

in conservation, preparation and cooking of food. The 
“PASSI” surveillance project of Italian Istituto Superi-
ore di Sanità highlights how Italian women pay more 
attention to diet than man (6). In our country, women 
eat more fruits, vegetables, legumes and food rich in 
fibres, but have a clear preference for sweets than men. 
Men prefer foods rich of fat and proteins and drink 
more alcohol. This study also show that women are 
more prone to changing their diet, but less consistent 
in doing so. On the other hand, men find more difficult 
to change their diet, but are more constant to follow a 
new dietary style. Gender differences are also shown in 
physical activities, sports, works as well as alcohol and 
tobacco use. The response to both acute and chronic 
stress, can significantly impact eating behaviour. This 
impact is highly variable between individuals and it is 
also influenced by gender. According to epidemiologi-
cal studies, eating disorders occur worldwide in indi-
viduals of all racial and ethnic backgrounds and they 
are more prevalent in females (7). The pathogenesis of 
these disorders is extremely complex, but the exces-
sively thin aesthetic model imposed on women by the 
media is certainly a contributing factor to their onset. 
Restrictive diets applied to reduce weight, especially in 
adolescence, lead to food disinhibition, thus increasing 
the risk of triggering an eating disorder (ED). Accord-
ing to data from the Italian Society for the Study of 
Eating Disorders (SISDCA) the male-to-female ratio 
for both anorexia nervosa (AN) and bulimia nervosa 
(BN) is around 1:10, although some studies show a 
net increase among males, on the contrary binge eat-
ing disorder (BED) presents a more balanced male-to-
female ratio (1:2). The prevalence of AN is about 0.4% 
among adolescents and young women. BN is more 
widespread, affecting about 1–1.5% of the same pop-
ulation. The prevalence of BED in the general adult 
population is approximately 1.6% in females (8).

Eating behaviour and the influence of endocrine factors

The taste consists of a complex sensory frame-
work, which includes sensations caused by the excita-
tion of specific taste receptors and also those evoked by 
the receptors of touch, heat and cold, olfactory (smell), 
and visual sensations. This complex sensory frame-
work is processed by the brain and integrated with 
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knowledge, emotion, memory, and is modulated by the 
endocrine system, sex hormones, and a series of neuro-
mediators that detect the metabolic state of nutrients, 
thereby determining significant interpersonal and gen-
der differences in food choice and eating behaviour (9). 
During specific life stages in women complex mecha-
nisms, triggered by the predominant action of proges-
terone, create interactions with glucose metabolism, 
reducing insulin sensitivity. This makes women crave 
sweet foods during their premenstrual period, along 
with a reduction in endogenous opioid neuromedia-
tors and serotonin, leading to decreased mood tone, 
depression, and increased appetite. During pregnancy, 
so-called “cravings” are compulsive eating behaviours 
induced by sensations likely related to specific needs 
and modulated by hormonal changes and dopamine 
secretion through neurons expressing D2 dopamine 
receptors in the nucleus accumbens, which act directly 
on food cravings. In postmenopausal, the change in 
the estrogens to androgens ratio and the increase in 
adrenal hormones affect negatively glucose metabo-
lism and induce a state of insulin resistance, leading 
to a change in food intake and fat storage. Scientific 
studies also show a decrease in taste perception with 
increasing age, regardless of sex (10).

Impact of sex and gender on the physiology  
of nutrition

Women and men have different energy require-
ments, due to different body compositions. During 
physical exercise, women “burn” a mixture in which 
the fat/glucose ratio is higher. Women tend to lose less 
fat mass for the same energy deficit, a protective dif-
ference, related to the evolution process during which 
food insecurity was a constant factor. As they are in-
volved in the reproductive process, women benefit from 
the ability to store energy more efficiently in adipose 
tissue. The 2024 Reference Intake Levels for Nutrients 
and Energy (LARN) (11) estimate that women have 
a 10-15% lower basal energy requirement than men 
at the same weight, age class, and height. Maximum 
energy and essential nutrient requirements are reached 
in males at 18 years. The basal energy requirement 
and daily energy consumption for a moderate physical 

activity level (PAL) of 1.6 reach their maximum val-
ues of 1670 kcal/day and 2670 kcal/day respectively 
in an 18-year-old male of 1.70 m height, while in a 
girl of the same height and PAL level, both the basal 
requirement (1450 kcal/day) and the energy consump-
tion (2320 kcal/day) are lower. Over the years, these 
values gradually decrease, and the difference tends to 
disappear. Energy consumption and body composition 
are the result of lifestyle and physical activity, which 
are subject to strong gender stereotypes. It is assumed 
that women perform less heavy work, engage in less 
intense physical activity, and participate in competitive 
sports less frequently than men. The “gender” factor 
intersects with biological factors, and a gap exists not 
only between men and women but also between active 
and sedentary individuals.

Nutritional requirements and recommended intake

LARN (rev. 2024) document (11) reports average 
requirement, adequate intake, recommended intake 
and maximum intake. In women, protein consump-
tion is lower than in men because the average weight 
is lower. The highest protein consumption is found in 
young males and in women during the third trimester 
of pregnancy. In the elderly, a higher protein intake 
of 1.1 g/kg/day is recommended compared to adults 
(0.9 g/kg of body weight), for the prevention of sar-
copenia. In athletes, the requirement can increase 
up to 1.5-2.0 g/kg/day in cases of extremely intense 
activity (PAL greater than 2). Gender differences in 
protein requirements are closely linked to the level of 
physical activity and muscle mass of the individual, 
factors that in turn depend on different lifestyles and 
favour males. Per capita protein intake is an indicator 
of well-being of the population; proteins are sources 
of high biological value but they are more expensive 
than carbohydrates. Omega-3 polyunsaturated fats 
and eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) are essential for fetal growth and neuro-
logical and visual development of the child. During 
pregnancy and breastfeeding, an intake of 100-200 
mg/day of DHA is recommended, in addition to the 
essential baseline intake of 200/250 mg of DHA and 
EPA, in order to ensure the proper development of 
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of brown adipose tissue is physiologically greater in 
women (neck, shoulders, mediastinum), but interper-
sonal variables are dictated by genetics, exposure to 
cold, and the level of physical activity (13). A higher 
amount of brown fat is correlated with better health 
status, regardless of overall adiposity. Total body water 
mass, maximum in childhood, decreases with age and 
is lower in women than in men. Knowledge the chemi-
cal composition of the human body allows the evalua-
tion of changes that occur in the organism in relation 
to sex, age, and various physiological and pathological 
conditions, and to accurately determine energy needs 
and nutritional requirements.

Impact of sex and gender on malnutrition

Malnutrition is the result of an inadequate nutri-
tional state, leading to altered body composition with 
a negative impact on health, potentially resulting in 
disease (14).

Global deficit of energy and nutrients or  
protein-energy malnutrition

Protein-energy malnutrition is a global deficit of 
energy relative to consumption, due to a lack of all ma-
cronutrients, primarily proteins. Worldwide, and nota-
bly in low-income countries, the gender gap is evident 
and works against women and girls (15). Women are 
more vulnerable to malnutrition than men due to their 
smaller size, greater need for essential nutrients dur-
ing pregnancy, breastfeeding, and menstrual cycles.  
Protein-energy malnutrition also exists in middle-high 
income countries, among vulnerable populations, such 
as elderly patients, those with chronic or debilitating 
diseases, and hospitalized patients, where the risk of 
malnutrition increases with the length of hospital stay. 
Elderly women are more affected by protein-energy  
malnutrition and are more susceptible to the acid load 
of the diet, compromising lean mass and increasing 
the risk of sarcopenia. The sex-specific predictors of 
malnutrition have been explored in “The Irish Longi-
tudinal Study of Ageing dataset” and are for women, 
cognitive deficits and lack of social support while for 

the offspring’s nervous system. The recommendation 
for polyunsaturated fat (PUFA) intake refers total en-
ergy relative to body weight (25-30% for total lipids, 
10% for saturated lipids, 5-10% for PUFA). For di-
etary fiber, at least 25 g/day is recommended for adults, 
equivalent to 12.6-16.7 g/1000 kcal, while in children 
and adolescents, the value is lower, at 8.4 g/1000 kcal. 
Excess fiber intake, more frequent in female, reduces 
the absorption of other elements. Higher levels of mi-
cronutrients (vitamin C, B6, A, E) and minerals (zinc, 
manganese, chromium, and fluoride) are recommended 
for males than for females, while the recommendation 
for iron intake reaches 18 mg/day in young women. 
In adults, the calcium requirement is 1000 mg/day for 
both sexes; in young people aged 11 to 14 years, it rises 
to 1300 mg/day, remaining at this level only in males 
up to the age of 18 years, and rising to 1200 mg/day in 
the elderly. During pregnancy and breastfeeding, the 
requirements for DHA, iron, iodine, and almost all 
micronutrients are higher than in adult women. In old 
age, the absorption and metabolism of many nutrients 
decrease, so periodic monitoring and supplementation 
in the diet are necessary.

Sex and gender differences in body composition

Substantial differences in body composition are 
related to sex, but the “gender” factor also influence 
the maintenance and modulation of body composi-
tion and adipose tissue. Levels of physical activity, 
work, and sports are important factors for muscle, 
bone, and fat composition; these factors have socio-
economic implications that significantly disadvantage 
women. On average, women are smaller and slimmer 
and therefore have lower energy and protein require-
ments than men. Women have a greater amount of 
adipose tissue, present more essential fat, and have a 
predominantly gluteo-femoral fat distribution. Men, 
despite having less adipose tissue, tend to accumulate 
it in the abdominal area, which is particularly active in 
producing inflammatory and atherogenic factors and is 
associated with a higher cardiovascular and metabolic 
risk (12). Postmenopausal women tend to take on an 
“androgenic” or “apple” shape with an increase in waist 
circumference and visceral adipose tissue. The amount 
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however, selective deficiencies of many nutrients con-
tinue to exist in our society, especially among women, 
children, and vulnerable population groups (20). There 
is a gender difference in the main selective micro-
nutrient deficiencies worldwide, linked to biologi-
cal differences and higher needs at certain ages and 
physiological states. The absorption and utilization 
of micronutrients depend on dietary patterns, and are 
subject to significant gender disparities. Substances in-
troduced through food or air, such as cigarette smoke, 
drugs, and environmental pollution, can negatively 
affect the absorption and metabolism of micronutri-
ents. Both smoking and excessive alcohol consump-
tion (more common in men) are antifolic agents, many 
pollutants are thyroid-static and harmful to gut flora, 
and photochemical smog reduces the cutaneous syn-
thesis of vitamin D. We are therefore faced with “new 
paradoxical deficiencies of today’s world,” where gen-
der differences are mainly dictated by environmental, 
socio-economic, and cultural factors.

Mineral and vitamin selective micronutrient deficiencies

According to WHO, the most widespread min-
eral micronutrient deficiencies are related to iodine, 
iron, calcium, and zinc. The most common vitamin 
micronutrient deficiencies include vitamin A, followed 
by vitamin D, folic acid, and the B complex (21). In-
creased needs due to menstrual losses, pregnancy, and 
breastfeeding make adolescents and pregnant women 
physiologically more vulnerable to global and selec-
tive micronutrient malnutrition. According to esti-
mates from the Global Dietary Database on nutrient 
intake from food, over 5 billion people do not con-
sume enough iodine (68% of the world’s population), 
vitamin E (67%), and calcium (66%). Over 4 billion 
people do not consume enough iron (65%), riboflavin 
(55%), folate (54%), and vitamin C (53%) (22). Within 
the same country and age groups, inadequate intake of 
iodine, vitamin B12, iron, and selenium is estimated to 
be higher in women than in men, and higher in men 
than in women for magnesium, vitamin B6, zinc, vita-
min C, vitamin A, thiamine, and niacin. A recent re-
view of the population in the Eastern Mediterranean 
from a gender perspective indicates that the prevalence 
of malnutrition in these regions is 19% and concerns 

men, previous hospitalization, falls in the last two 
years, and difficulty climbing stairs (16).

Deficiency malnutrition in oncology

Global energy and nutrients malnutrition in can-
cer patients has a negative impact on survival and qual-
ity of life, moreover it is associated with longer hospital 
stays, and higher hospital costs. Identifying malnutri-
tion status and planning early interventions to correct 
it, has a positive impact on quality of life, treatment 
tolerance, psychological stress and risk of death. A 
2021 review reports that 20-70% of cancer patients 
suffer from malnutrition and identifies malnutrition 
as a cause of death in 10-20% of cancer patients (17). 
Unfortunately, many cancer patients are currently not 
even assessed for malnutrition status using the screen-
ing tools recommended by the ESPEN (European So-
ciety of Parenteral and Enteral Nutrition) guidelines 
(18). The Italian PreMiO study - Prevalence of Mal-
nutrition in Oncology, involving about 2000 cancer pa-
tients evaluated at diagnosis with the MNA test (Mini 
Nutritional Assessment), shows that 51% had altered 
nutritional status, with 9% being frankly malnourished 
and 42% at risk for malnutrition (19). Clinical studies 
assessing nutritional status in cancer patients show no 
significant differences between men and women, while 
the prevalence of malnutrition seems more associated 
with the tumour site and disease stage. A major limita-
tion is that many studies do not report the gender of 
the evaluated subjects, and other studies report con-
flicting data. Attention to nutritional aspects in oncol-
ogy is a relatively recent topic, and the assessment of 
nutritional status is not always an integral part of the 
diagnostic-therapeutic pathways for all cancers.

Selective micronutrient deficiencies

Selective micronutrient malnutrition constitutes 
a historical chapter in medicine: pellagra, scurvy, beri-
beri, rickets were endemic diseases in the last centuries 
and caused millions of deaths. With improvements in 
economic and social conditions and food security, the 
prevalence of these diseases has significantly reduced; 
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calcium, due to a reduced intake of dairy products and 
fortified foods. Calcium has been particularly studied 
in women concerning the osteoporotic disease more 
common in females, related to the lower peak of bone 
mass in young age and especially to the significant 
reduction of estrogen levels after menopause. In low-
income countries, insufficient calcium intake during 
pregnancy can impact maternal-fetal health, leading to 
the onset of preeclampsia, preterm birth, and increased 
maternal mortality (26).

Zinc is a component of several hundred enzymes, 
found in many foods, mainly of animal origin. A diet 
high in fiber and phytates reduces zinc absorption. Se-
lective zinc deficiency is rare and difficult to diagnose, 
occurring in cases of global protein-caloric malnutri-
tion, to which females are more susceptible. Zinc de-
ficiency in mothers can cause fetal malformations and 
very low birth weight, while in children, it can lead 
to growth and sexual maturation arrest, and recurrent 
infections. In adolescent males, zinc deficiency can 
compromise sexual maturation and development (27).

Magnesium requirements do not vary between 
the sexes. Magnesium intake is inadequate in 56% 
of the adult population in the United States, with a 
higher prevalence among adolescents, women, and 
the elderly. Studies on a large female population aged 
between 18 and 79 years show that muscle mass and 
strength are lower in women with a reduced dietary 
intake of magnesium (28).

Vitamin A is a fat-soluble micronutrient that, 
along with its natural derivatives and synthetic analogs, 
constitutes the group of retinoids. It is found in meats, 
fish, eggs, liver, and red-orange vegetables. Vitamin A 
is the most multifunctional vitamin in the human body, 
involved in various essential physiological processes, 
from embryogenesis to adulthood, such as vision, 
immunity, cellular proliferation and differentiation, 
embryological development, antioxidant functions, 
intermediate metabolism, and insulin sensitivity. Ac-
cording to the World Health Organization, vitamin A 
deficiency, along with protein malnutrition, is the most 
common nutritional disorder worldwide (20). Vitamin 
A deficiency affects maternal and fetal health and in-
creases the risk of maternal mortality during pregnancy. 

Vitamin D, which is fat-soluble, is found in 
whole dairy products and fish, particularly in the liver 

caloric-protein deficiency but also micronutrients, es-
pecially iron and vitamin D deficiency in women (15).

Iron is necessary for haematopoiesis in synergy 
with vitamin C and the B complex. As is well known, 
the iron present in plants is less bioavailable than that 
found in animal foods bound to haemoglobin (heme 
iron). Iron-deficiency anaemia is a prevalent condition 
among women and girls, linked to menstrual losses 
after menarche and increased needs during pregnancy 
and breastfeeding. A large study conducted in four Eu-
ropean countries analysed gender differences in iron 
deficiency anemia, has confirmed that the condition is 
more prevalent in women of childbearing age and dur-
ing pregnancy, while in men it is more present after the 
age of 60 (23). 

Iodine is a micronutrient necessary for the syn-
thesis of thyroid hormones. It is introduced through 
animal foods, mainly of marine origin, and water. Dis-
tance from the sea and diets low in animal products, 
vegan or vegetarian diets rich in vegetables with anti-
thyroid properties (cruciferous vegetables) promote the 
onset of thyroid diseases, notoriously more prevalent 
in women: an adult woman has a 20% higher chance 
of developing thyroid disease. During pregnancy, there 
is an increased need for iodine. The prophylaxis cam-
paign with iodize salt has been effective in the adult 
Italian population, eliminating the endemic goitre, but 
to date pregnancy and breastfeeding are still at risk of 
iodine deficiency (24). 

Selenium is a component of the enzyme glu-
tathione peroxidase, which deiodinates thyroid hor-
mones, and is therefore involved in regulating thyroid 
activity. It also acts as an antioxidant and works to-
gether with vitamin E. Selective selenium deficiency is 
rare but generally associated with malnutrition, and a 
diet low in animal products promotes its deficiency. Its 
deficiency is implicated in the pathogenesis of thyroid 
disorders prevalent in women (25).

Calcium is essential for bone growth and forma-
tion but also for other biological processes, acting syn-
ergistically with vitamin D. It is found in water and 
many foods, particularly concentrated in dairy prod-
ucts. Most adults have an inadequate intake of cal-
cium: according to the American Dietary Guidelines 
2020-2025, 30% of men and 60% of women over the 
age of 19 do not consume the appropriate amount of 



Progress in Nutrition 2025; Vol. 27, N. 4: 18056 7

latter are increased. Vitamin B9 (folate) plays a crucial 
role in pregnancy: requirements increase to prevent 
neural tube defects like spina bifida. Since these defects 
occur in the first month after conception, it is impor-
tant for women to start taking folate before becoming 
pregnant (35). Vitamin B12 deficiency is also com-
mon in women due to drug interactions with gender- 
specific medications such estrogen-progestin and 
anti-inflammatories drugs. Restrictive diets, especially 
vegan diets, are associated with B12 deficiency, more 
pronounced in women during pregnancy and breast-
feeding. Changes in nutritional status can alter nu-
trient levels in the blood and brain tissue, potentially 
affecting cognitive functions throughout life.

Vitamin C, water-soluble and highly sensitive 
to heat, is mainly obtained from fresh vegetables and 
fruits. Epidemiological studies have shown differ-
ent distribution patterns of vitamin C levels between 
women and men, linked to different pharmacokinetics. 
Therefore, brain distribution and utilization of ascor-
bic acid may vary by gender; several mechanisms have 
been proposed to explain these differences, including 
specific brain hormones, oxidative stress, permeability 
of the choroid plexus, and the distribution of transport 
protein. A retrospective study analysed the relationship 
between plasma vitamin C levels and cognitive func-
tions in a healthy adult group, both men and women, 
after adjusting for variables like age, prescribed medi-
cations, and vitamin C supplementation. The results 
show a significant difference between plasma vitamin 
C levels and gender cognitive functions. Older women 
appear more vulnerable to decreases in plasma vitamin 
C concentrations, which are associated with impaired 
brain regulation of this vitamin (36).

Overnutrition or global energy excess malnutrition: 
overweight and obesity

Common polygenic obesity is a multifactorial 
disease whose prevalence is increasing exponentially 
worldwide (37). The prevalence of obesity is higher in 
women than in men in many countries, and it is also 
rising in childhood. The gender gap has its roots in nu-
merous and complex etiological factors. Biological fac-
tors, genetic risk, and psycho-social-economic factors 

of North Sea fish and in the fatty-tissue of fish like 
salmon and bluefish, but it is also synthesized in the 
skin through sunlight exposure. Vitamin D deficiency 
is currently a global public health issue; over 50% of the 
elderly population of both sexes in Europe and in USA 
has a deficiency or insufficiency. Vitamin D levels dif-
fer between women and men, with females being more 
vulnerable to deficiency. Vitamin D plays an important 
role in growth and bone metabolism, and is able to im-
prove the intestinal absorption of calcium consumed 
in our diet, approximately of 80% (29,30). In peri-
menopausal women, vitamin D requirements increase 
compared to men: visceral adipose tissue sequesters 
this fat-soluble vitamin, reducing its circulating levels. 
Some studies show that low levels of vitamin D are 
found even in postmenopausal women without osteo-
porosis and/or musculoskeletal disorders (31). Low 
vitamin D levels contribute to increase parathyroid 
hormone levels, with excessive bone remodeling lead-
ing to bone weakening. The resulting osteopenia/os-
teoporosis, combined with decreased muscle strength 
and sarcopenia, increases the risk of falls and fractures. 
Sex significantly influences vitamin D status, with 
lower levels observed in women compared to men, 
play a more important role in determining the severity 
of cardiovascular risk (32). The main proposed mecha-
nism to explain the relationship between vitamin D 
deficiency and predisposition to metabolic syndrome 
and type 2 diabetes consists of increased insulin re-
sistance and pancreatic β-cell dysfunction. Vitamin D 
supplementation may help to prevent abnormalities in 
glucose metabolism, but its effect is less pronounced in 
women. In addition, many studies highlight the effects 
of vitamin D on the immune system, as a regulator 
of macrophages and certain T-cell types, as well as its 
potential role in cancer prevention (33). Moreover, a 
recent review analyzed the role of sex hormones on vi-
tamin D levels and on intestinal microbiome, suggest-
ing gender differences in the presentation of allergic 
and immune-mediated diseases (34).

 Vitamin B group are water-soluble micronutri-
ents found in many foods of both animal and plant 
origin (such as legumes, cereals, and leafy greens), and 
they are affected by cooking and preservation pro-
cesses. Deficiency occurs due to an imbalance between 
dietary intake and requirements, especially when the 
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Malnutrition, epigenetics and fetal-placental unit 
health

It is well known that a woman’s nutrition dur-
ing pregnancy affects the future health of the new-
born. In light of advances in scientific research in 
epigenetics and molecular biology, the nutritional 
status before conception has a profound impact on 
maternal health, fertility, and pregnancy outcomes 
but also on the health of the newborn. It affects the 
development and function of the fetal-placental unit 
and the so-called “fetal programming” (41). Nutri-
ents, bioactive substances of dietary or metabolic 
origin, exogenous toxic substances, and pollutants 
are able to modulate gene expression by activating 
or repressing genes responsible for the regulation 
of organs and systems, metabolism, adipogenesis, 
the immune system, and mechanisms of protection 
against toxins and stress resistance. Gene expression 
modulation occurs in both male and female gametes, 
but current literature mainly studies manifestations 
in the female. Micronutrient deficiency before and 
during pregnancy can alter the development and 
function of the fetal-placental unit and organogen-
esis. Crucial nutrients for the proper completion 
of these processes and for genetic methylation are 
methyl donors: vitamin B12, folic acid, vitamin B6, 
sulphur amino acids, bioactive compounds (choline, 
phosphatidylcholine, betaine), and metabolic inter-
mediates such as homocysteine.

The impact of gender on factors modulating 
nutritional effectiveness

“Exposome” is an innovative concept for the study 
of gender differences in nutrition. It can be defined as 
the set of environmental factors and pathogenic agents 
to which each individual is exposed throughout life, 
starting from conception (42). Different susceptibil-
ity and responses to these exposures create gender 
differences in nutritional status and human health. 
Therefore, we will analyse two key elements in this in-
novative chapter: the environmental pollution and the 
microbiota.

interact with each other and differently influence eat-
ing behaviour, caloric intake, and nutritional adequacy. 
Although excess calories consumption remains the pri-
mary cause of obesity, there is also the involvement of 
“obesogenic” foods and molecules—foods that stimu-
late food intake and increase triglyceride storage in adi-
pocytes and adipogenesis through various mechanisms. 
These substances can also alter the gut microbiota and 
intestinal wall permeability. Some authors studied the 
relationship between women’s participation in the la-
bour market and overnutrition, highlighting an inverse 
relationship between female employment and obe-
sity prevalence in some countries (38). In just over 30 
years, the percentage of obese children and adolescents 
worldwide has more than quadrupled, predominantly 
among males. Conversely, among adults, women now 
have the highest prevalence (39). The European Of-
fice of the WHO ranked Italy fourth among European 
countries for the number of obese adults. According to 
the Italian Obesity Barometer Report 2024 (40), there 
are almost 6 million obese in Italy, representing 10,3% 
of the adult population, with slight differences be-
tween men (10,8%) and women (9,0%). The “PASSI” 
surveillance site of the ISS confirms this data and 
highlights other aspects: higher obesity rates among 
people with economic difficulties and those with lower 
education levels (6). Therefore, we can state that adult 
obesity is a gender-related disease with a significant 
gap between men and women. Obese women expe-
rience reduced fertility due to abnormal secretion of 
gonadotropins, higher androgen levels, decreased sex 
hormone-binding globulin, increased peripheral aro-
matization of androgens into estrogens, and abnormal 
insulin secretion and response. Women with polycystic 
ovary syndrome tend to have central obesity, and dur-
ing menopause, there is a “androgenization” of the fe-
male figure with a tendency to accumulate abdominal 
fat. Gender differences also influence the treatment of 
obesity. The 2020 International Congress on Obesity 
highlighted the existence of significant differences in 
approach and management of obesity care. Women are 
more likely to follow weight loss programs (average 
4.6 vs. 3.1) and to undergo pharmacological or surgical 
treatments, although 75% tend to regain weight after  
6 months, compared to just over half of men.
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as simple fatty infiltration and metabolic dysfunction 
(metabolic dysfunction associated steatotic liver dis-
ease, MASLD) (46) or with inflammatory damage 
to hepatocytes, meaning metabolic dysfunction asso-
ciated with steatohepatitis (metabolic-dysfunction– 
associated steatohepatitis, MASH). This is a new and 
more comprehensive definition of non-alcoholic fatty 
liver disease that includes the association with at least 
one cardiometabolic risk factor: overweight, obesity, 
type 2 diabetes, hypertension, and dyslipidemia. A 
gender difference in susceptibility to metabolic liver 
steatosis has been documented, with a lower preva-
lence in females until menopause, after which the gap 
narrows. In animal models, this condition is induced 
by high-fat diets; activation of the estrogen receptors α 
gives in females a limited capacity for metabolic adap-
tation by reducing lipid accumulation, a response not 
seen in males.

Microbiota, nutrition and gender

The microbiota is a universe inside our body that 
affects our health and shows some gender-specific 
differences linked to biological and gender factors: 
ethnicity, age, body mass index, and eating behaviour 
(47). The microbiota works in harmony with its host 
in a symbiotic relationship, subject to external factors 
that can modify itself throughout different life stages. 
Diet significantly influences the colonization of mi-
crobiota across all our mucous membranes and tissues. 
The most beneficial diet for a symbiotic microbiota 
is a healthy, varied diet rich in nutraceutical value, 
such as the Mediterranean diet (48). Bacterial Phyla 
develop and proliferate differently depending on the 
dietary composition, positively affected by prebiotic 
fibers and polyunsaturated fatty acids, and negatively 
affected by excess energy and macronutrients, includ-
ing proteins. At birth, the female microbiota, develops 
in parallel with the increase of sex hormones in the 
newborn, diverging between sexes after puberty (49). 
In adult women, a group of microorganisms called 
the “estrobolome” transforms estrogen into its active 
form, playing an important role in the development 
of primary and secondary sexual characteristics and 

Environmental pollution, nutrition and gender

Endocrine disruptors are a broad, heterogeneous, 
not fully understood, and increasing group of persis-
tent pollutants of various nature. According to the Eu-
ropean Union, they are “substances or mixtures able 
to alter the endocrine system, causing adverse effects 
on the health of an organism or its progeny (43).”En-
docrine disruptors introduced with food, interfere 
with the synthesis, secretion, transport, binding, and 
catabolism of natural hormones in both humans and 
animals, with significant effects on growth, develop-
ment, sexual maturation, and reproductive health. 
Some types of endocrine disruptors, such as Bisphenol 
A, have an estrogenic effect, but recently, various com-
pounds have shown anti-estrogenic, androgenic, and 
anti-androgenic actions in various compounds, both in 
vivo and in vitro. Their toxic action primarily impacts 
reproductive health, reducing fertility in both women 
and men, and altering the timing of puberty and meno-
pause (44). Endocrine disruptors can also induce insu-
lin resistance, promote obesity and increase the risk of 
type 2 diabetes, cardiovascular diseases, and osteopo-
rosis. Many of these substances affect thyroid function 
by disrupting mechanisms involved in the synthesis, 
transport, and metabolism of thyroid hormones, in-
terfering with thyroid hormone receptor binding and 
iodine uptake. The higher prevalence of thyroid dis-
eases in women highlights the greater impact of these 
substances on the female gender. The dietary intake of 
various endocrine disruptors widely used in the chemi-
cal industry, such as pesticides, heavy metals, micro- 
and nano-particles poses a risk for developing fatty 
liver disease, especially in highly urbanized contexts 
and in combination with other risk factors. The liver 
also appears to be the primary target of nano- and 
microplastics, produced through degradation via mul-
tiple mechanisms: physical erosion, biodegradation, 
and photo-oxidation. Micro- and nano-particles can 
induce damage by activating inflammatory cytokines, 
oxidative stress, and altering lipid metabolism in the 
liver, leading to increased apoptosis of liver cells (45). 
Liver steatosis disease has a high prevalence (30% in 
the general population) and is caused by excessive ac-
cumulation of lipids in hepatocytes, which can present 
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Conclusion

Nutrition is closely linked to sex and gender. Body 
composition, energy consumption and hormonal fac-
tors in addition to eating behaviours and exposure to 
environmental factors, modulated by socioeconomic 
status, are the main determinants of sex and gender 
differences in nutrition. Health policies should focus 
on research into sex and gender differences in nutri-
tion and on disseminating scientific findings to pro-
mote actions that strengthen the culture of healthy 
eating and women’s economic independence, with 
positive implications for nutritional status and the 
protection of both current and future health of gen-
eral population.
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