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ABSTRACT
Vitamin D being a key nutrient also considered as a steroid prohormone, can be acquired by sun exposure and 
food sources with enhanced Vitamin D. Earlier, the function of Vitamin D was being restricted to maintenance of 
calcium and phosphorus levels and bone health. In this review, the focus is reflected on the Hypovitaminosis D and 
harmful consequences in the health of females and the disorders which are associated with Hypovitaminosis D among 
women aged 15 years and above. The advantage of Vitamin D to pregnant women is of major significance to fetal 
programming as well as to the mother’s health. Hypovitaminosis D, a great pandemic issue, is of great interest and 
concern among researchers, clinicians, and nutritionists as it is prevalent in almost all age groups- infants, girls, 
pregnant and lactating women, adult women, and elderly women. The effective and inexpensive approach of Vitamin 
D utilization being a therapeutic agent is of great importance in treating Vitamin D deficiency-associated disorders 
and increasing the Vitamin D statuse.
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INTRODUCTION

Vitamin D, known as a ‘sunshine vitamin’ as it is obtained from sunlight exposure and foods and supplements fortified 
with Vitamin D. It performs remarkable and important functions in women’s health. Various newer therapies are 
emerging with new concepts as a topic of great interest [1-3]. 

Vitamin D is considered a steroid prohormone as well as an indisputable nutrient. It can be synthesized by the skin. 
Poor dietary intake or absorption and poor sunlight exposure can lead to inadequate serum 25-OHD levels. Vitamin 
D was discovered as an important nutrient as a remedy for rickets-a disorder that weakens the bones, highly prevalent 
in the United Kingdom. It was noted that rickets can be treated/prevented when cod liver oil and sunlight exposure 
is provided [4,5]. For a prolonged period, Vitamin D’s purpose is thought to be restricted only in maintaining bone 
health metabolism and Calcium and phosphorus levels. As the Vitamin D Receptors (VDRs) are present on various 
body organs such as the brain, skin, pancreas, breast, colon, and prostate cancer cells and immune cells; so it acts as 
a hormone and the new functions of Vitamin D, associated with these organs, are emerging which are beyond bone 
health [6].

About 1 billion people are suffering from Hypovitaminosis D, have serum Vitamin D concentrations low in the blood. 
Beyond 40% of the reproductive age women found to have inadequate levels of Vitamin D. Hypovitaminosis D occur 
due to fat malabsorption syndromes, use of anticonvulsants and glucocorticoids, chronic kidney disease, obesity, 
elder women having a medical record of falls or fractures, musculoskeletal disease, hepatic failure and cancer [7]. 
Hypovitaminosis D is an important pandemic matter of problem and can be defined as when serum 25-(OH) D levels 
are found below 20 ng/m1 in the blood. It is highly observed in almost all age groups-infants, girl children, pregnant 
and lactating women, adult women, and elderly women [8].

LITERATURE REVIEW

Classification of Vitamin D Deficiency

It is categorized into three groups: Vitamin D deficiency, Vitamin D insufficiency, and Vitamin D sufficiency. Vitamin D 
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insufficient is when serum Vitamin D levels are found to be in between (20-30) ng/ml (Table 1). Vitamin D sufficiency 
group found to have serum Vitamin D levels above 30 ng/ml in blood [9].

Table 1 Vitamin D deficiency categorization depending upon 25-hydroxyvitamin D concentration

25-(OH)D concentration (ng/m1) Vitamin D status

Lower than 20 Deficiency

Between 20-30 Insufficiency

Above 30 Sufficiency

Above 150 Risk of toxicity

Incidence

About 80% of the healthy population is turned as Vitamin D deficient i.e. below 20 ng/m1 serum 25-(OH) D is found 
whereas approx. 40% are severely deficient i.e. less than 9 ng/ml serum 25-(OH) D is found. Hypovitaminosis D 
can be found in almost one out of three infants of age 1-6 months due to the lower levels of 25-hydroxyVitamin D in 
mothers [10].

Causes of Hypovitaminosis D

Deficiency can be highly observed in people with dark pigmentation, women who use sunscreen lotions as they are 
getting more aware of skin cancer, people suffering from milk allergies or are lactose intolerant, and restricted to a 
vegan diet. Preference for cold drinks and juices over milk makes children Vitamin D deficient. People living in urban 
areas spend more time working and are involved in less physical activity get inadequate sun exposure and become 
obese or overweight and in turn, become Vitamin D deficient [11]. Dark-skinned individuals are usually more Vitamin 
D deficient than light-skinned people due to the presence of more melanin in dark-skinned people, which acts as a 
natural sun protector and leads to less generation of Vitamin D by the skin. Hypovitaminosis D is also affected via. 
seasonal changes as during winter Vitamin D levels are observed to be low in individuals as compared to summers. 
Poverty and illiteracy are also some of the reasons as people are not much aware of Vitamin D sources and the 
importance of a balanced diet. Social and religious customs also play a role as women and their infants usually stay 
indoors, so they are less exposed to the sun and susceptible to be Vitamin D deficiency. Individuals who wear more 
clothing such as burqas are also susceptible to Vitamin D deficiency as they receive less sunlight exposure [12].

Vitamin D has two major forms-Vitamin D2 i.e. (ergocalciferol), which is acquired by intake of food of plant origin, 
and Vitamin D3 i.e. (cholecalciferol) which is acquired by intake of food of animal origin. We can get Vitamin D by 
intake of food sources such as fish oil, some fish includes salmon, tuna, sardines, cod liver oil, fortified food with 
Vitamin D supplemented milk, yogurt, biscuits, egg, soy products, orange juice, cereals, and infant formula [13].

Activation of Vitamin D

Vitamin D3 is formed in the body by absorbing UV-B rays from sunlight exposure. Vitamin D3 formation occurs 
between 10 AM to 3 PM. Vitamin D3 which is obtained from sunlight exposure is not biologically active. It gets 
activated due to the presence of 7-Dehydrocholesterol (7-DHC) in human skin which converts it into pre-Vitamin D3. 
It is transported to the liver and undergoes a hydroxylation reaction, where it gets converted to 25-hydroxy Vitamin 
D [25-(OH) D]. Further, it is carried to kidneys and undergoes another hydroxylation reaction, gets converted to 1, 
25-dihydroxyvitamin D [1,25-(OH)2 D3), biologically active form, gets transported to different target tissues upon 
binding with its VDRs (Figure 1).

Vitamin D testing can be done by measuring the serum 25-hydroxyVitamin D [25-(OH) D] concentration in the blood, 
which is the best indication of Vitamin D levels.
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Figure 1 Vitamin D activation

Vitamin D Requirement

According to the Institute of Medicine (IOM), Recommended Dietary Allowances (RDA) specified for different age 
groups is varied. For infants: 400 IU (10 µg), for children and adults (up to 70 years): 600 IU (15 µg) and for elders 
(over 70 years): 800 IU (20 µg) is recommended [14-16]. According to Endocrine Society, RDA for children is 600-
1000 IU (15 µg-25 µg) and for adults: 1500-2000 IU (37.5 µg-50 µg) is recommended (Table 2). 

Table 2 Vitamin D intake requirements (by Institute of Medicine and Endocrine Society)

Age

Institute of Medicine (IOM) 
Recommendations Endocrine society Recommendations

RDA (IU/day) Upper limit (IU/
day)

Daily recommendations  
(IU/day)

Upper limit  
(IU/day)

Infants (0-12 months) 400 IU (10 µg) 1000-1500 400-1000 2000

Children and adults (up to 70 years) 600 IU (15 µg) 2500-4000 600-1000 4000

Pregnant and lactating women 600 IU (15 µg) 4000 1500-2000 4000

Elders (>70 years) 800 IU (20 µg) 4000 1500-2000 4000

Vitamin D Toxicity/Hypervitaminosis D 

It can occur if the use of Vitamin D supplements is in excess i.e. above 4000 IU. According to the Institute of Medicine 
(IOM) the Upper Level (UL) intake for infants is 1000 IU/day-1500 IU/day, for children, adults, pregnant women, and 
elders: 2500 IU/day-4000 IU/day [17-19]. If serum Vitamin D level is above 150 ng/m1, it can lead to further problems 
in the body such as-Hypercalcemia (increased concentration of calcium in the blood) and can cause Hypercalciuria 
and Hyperphosphatemia (increased level of phosphorus in blood). In the long term, it can lead to the hardening of 
vessels and tissues and harm to the heart, blood vessels, and kidneys. In WHI, postmenopausal women who consumed 
Ca (1000 mg/day) and Vitamin D supplements (400 IU) consumed for seven years, were found to be a 17% greater 
possibility of renal stones [20-24].

Vitamin D controls the Ca levels in the body. But the new functions are coming forward with the knowledge of various 
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functions performed by Vitamin D on different body organs [25-27]. Its inadequate level might lead to problems such 
as osteoporosis, Rheumatoid arthritis, Multiple sclerosis, Hypertension, Cardiovascular Diseases, obesity, psoriasis, 
psychiatric disorders, and problems in pregnancy-which is related to Hypovitaminosis D [28-32].

Classical Roles

Vitamin D regulates growth and development in the body. From the beginning of pregnancy till late pregnancy, 
absorption of intestinal calcium doubles but a very low amount gets transferred to the fetus. For fetus development, 
calcium requirement is met by biological changes in the mother’s body with an increased level of calcium. It increases 
calcium absorption to accelerate the blood calcium levels during the growth and pregnancy period by acting on the 
intestine. It works with parathyroid hormone to boost calcium reabsorption in the kidney and to release calcium from 
bones if this elevated intestinal absorption is inadequate in restoring the normal calcium levels. Vitamin D is involved 
in the skeletal system as it acts on the intestine, kidney, and skeleton to maintain calcium homeostasis. In extra-skeletal 
effects, its roles are emerging as it acts on skin, pancreas, placenta, prostate, breast, and colon cancer cells, heart, 
gonads, and the cells involved in maintaining the immune system [33].

Non-Classical Roles in other Disorders

Problems in pregnancy: Vitamin D levels are elevated during pregnancy and it is one of the vital nutrients in the 
development of the child. Hypovitaminosis D is highly prevalent in pregnant and lactating women [34-36]. In the 
United States, around 33% of the pregnant ladies are found to have reduced levels of Vitamin D. During pregnancy, 
calcium level gets reduced and hormones such as parathyroid hormone and lactogenic hormone get increased, as 
calcium is required by offspring and Ca is also get eliminated in the urine, which leads to deficiency both in mother and 
baby [37]. Parathyroid hormone acts as a calciotropic hormone that helps to regulate calcium levels during pregnancy. 
Vitamin D aids in the growth and maturation of the placenta, baby’s implantation, and prenatal programming. Infants 
are susceptible to the threat of rickets and other birth abnormalities in the baby. It helps in restoring the skeletal 
functions of the mother and in the production of skeletal functions in newborns. Deficiency can abruptly damage these 
functions. Deficient mothers are prone to pain in muscles and bones [38].

In a preterm birth, a baby is born earlier without the completion of the gestation period (before 37 weeks). Every year 
around fifteen million infants have preterm birth and responsible for the death of the baby and also suffer from other 
medical problems. Vitamin D supplementation to adequate levels can decrease the chances of preterm birth by 40%. In 
a study, there were five hundred women about twelve weeks pregnant were enrolled. They were given Vitamin D-400 
IU/day, 2000 IU/day, or 4000 IU/day. And it is found that women who got 4000 IU/day are at reduced risk of preterm 
labor, delivering babies who are premature, and getting infections. Hypervitaminosis D/Vitamin D toxicity is mostly 
unusual however, can be treated easily. A pregnant woman deficient in Vitamin D has to suffer from hypertension in 
which the blood pressure is found to be elevated and can lead to preeclampsia and gestational diabetes (increased 
blood sugar levels in the blood) and they are more susceptible to deliver a baby via cesarean section. Preeclampsia 
affects around 3%-6% of pregnancies [39].

It can occur due to impairment in the maintenance of calcium levels and the oxidative stress generated in the placenta. 
Vitamin D serves a significant function in controlling the inflammation of the placenta. In a study, the association of 
lower levels of Vitamin D and bacterial vaginosis is shown to be interrelated. Higher levels of Vit. D can be effective 
in preventing bacterial vaginosis and thereby preterm labor pain by influencing the antimicrobial response [40].

A fetus gets Vitamin D via the passage of the placenta, so it is completely relying on the mother for the requirements 
of Vitamin D. If a mother has inadequate levels of Vitamin D, the child will be ultimately Vitamin D deficient. A 
baby delivered by Vitamin D deficient mother can also suffer from various problems as they receive poor Vitamin D 
levels which can lead to a reduction in bone mineralization and birth weight. Vitamin D deficient child might have 
to suffer from several other diseases such as Type I Diabetes, Asthma, stuffiness in the nose i.e. Rhinitis. If a woman 
has inadequate levels of Vitamin D, it can lead to a reduction in the period of pregnancy, which ultimately affects the 
growth and development of bones of the child [41].

In a case-controlled study, women having lower levels of Vitamin D i.e. <15 ng/ml were found at a greater risk of 
delivering a baby via. C-section then the women had higher Vitamin D levels-above 15 ng/ml [42]. In a meta-analysis 
study of approx. 463 women, women who consumed low Vitamin D intake were found to deliver a child having less 
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than 2500 g weight. A study stated that the Vitamin D supplementation of 2400 IU/day to pregnant ladies was found 
to be effective in maintaining blood glucose and insulin levels.

Obesity: Obesity is the increase of fat mass in the body and is one of the major global issues. It is one of the main causes 
responsible for an individual to be Vitamin D deficient. More weight results in more Vitamin D requirement of the 
body [24,43]. Women who are obese having BMI greater than 30 are more susceptible to the threat of Hypovitaminosis 
D. This is because adipose tissue retains Vitamin D which makes it difficult to circulate in the blood. Vitamin D might 
help reduce weight gain as it works as a suppressant for appetite [44]. VDRs are present on adipocytes. Higher Vitamin 
D levels with enhanced calcium levels in adipocytes result in a reduction in the breakdown of fats and lipids. Obesity 
is interlinked with reduced Vitamin D concentrations and higher PTH concentrations. Lower Vitamin D levels lead 
to higher levels of parathyroid hormone which leads to an increase in body fat mass and subsequently leads to the 
formation of fatty acids and triglycerides. Body fat mass is negatively correlated with Vitamin D proportions [45]. An 
RCT proposed that the women who are supplemented with Vitamin D have more fat loss as compared with the women 
who deficient [46].

Osteoporosis and Muscle Weakness: Vitamin D helps to form strong bones by utilizing calcium and phosphorus 
and maintaining the metabolism of bone. Inadequate levels of Vitamin D can cause bone loss, reduction in bone 
density, osteopenia, osteoporosis & a greater incidence of fractures. Due to the decline in bone density, the prevalence 
of fractures increases as the bones start to lose calcium [47]. A high proportion of Vitamin D increases muscle 
performance and decreases muscle weakness and the extent of falls. Patients suffer from weakness and pain in the 
bones. Hypovitaminosis D affects children with a bone-weakening disease called rickets and it softens the bones in 
adults called Osteomalacia. Children suffering from rickets have skeletal defects such as bent posture and bent legs 
[48-50]. It is noteworthy, that rickets can be prevented if the Vitamin D intake is increased and Osteoporotic fractures 
can be treated. Low Vitamin D levels and severity of bone pain in the legs, joints, and ribs are correlated. Back pain 
is found to be the most prevalent in women, which indicates the deficiency of Vitamin D among women. A study of 
around 9000 elderly women, suggested the correlation between reduced serum Vitamin D levels and back pain [51]. 
In a study, the elderly persons who were given Vitamin D (700 IU/day-800 IU/day), showed a 23%-43% decline in the 
incidence of hip and non-vertebral fractures.

In another trial, in which the elderly women in Nursing home were given Vitamin D2 and calcium-800 IU/day for five 
months and 72% decline is found in the incidence of falls In a study of around 1100 menopausal and postmenopausal 
women of middle age had inadequate levels of Vitamin D suffered from low bone mineral density [52]. 

The Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) revealed that in postmenopausal and elderly 
women, higher intake of Vitamin D levels with sun exposure and supplements can reduce osteoporosis and pain in 
bones. By increasing the Vitamin D levels in patients having reduced serum Vitamin D, showed fewer symptoms [53].

Fibromyalgia is characterized by the presence of pain in muscles and other areas such as the neck, elbows, knees, 
chest, and shoulders, associated with other disorders such as fatigue, sleep disorder, and frequent mood changes. It 
is 9-fold more prevalent in women than men. Progesterone has a major effect on a female’s metabolism and leads 
to respiratory alkalosis due to the increase in respiration and subsequently, the kidney begins to produce alkaline 
urine. The association of chronic migraine and Fibromyalgia can be observed in females with lower serum Vitamin D 
concentration [54]. Low levels of Vitamin D can be a responsible factor for this disorder. Vitamin D2 supplementation 
or calciferol can help reduce the symptoms.

In a study conducted in Saudi Arabia, in which one hundred women affected with Fibromyalgia were enrolled, they 
were found to have reduced serum 25(OH)D concentrations. When supplemented with calciferol or Vitamin D2, they 
showed a reduction in symptoms of fibromyalgia, which suggests the significance of Vitamin D levels in controlling 
the disorder [55,56].

Multiple sclerosis: In multiple sclerosis, the brain is damaged by its immune cells. Generally, women are found to be 
more linked with this autoimmune disorder as low serum 25-hydroxyl vitamin concentrations are found in the body. 
Individuals living at higher latitudes or a distance from the equator are found to be more prone to Multiple sclerosis 
[57,58]. Additional intake can help to treat multiple sclerosis. In a study of Finnish females, inadequate serum 25(OH)
D concentrations lead 43% greater incidence of multiple sclerosis [27]. In a study, approx. 187,000 women were 
enrolled who consumed 400 IU/day of Vitamin D, 41% decline was observed in the risk of developing multiple 
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sclerosis. Increased consumption of Vit D -280,000 IU/week for 6 weeks can be effective in declining the symptoms 
of MS in patients [59,60]. 

Cancer: Sunshine can help to decline the incidence of cancer; however, its role is also related to skin cancer. Vitamin 
D controls the development of a cell due to the possession of VDRs. If levels of Vitamin D are increased, the cancer 
rates can come to decline or decreases. Various studies prove the importance of the enhancement of Vitamin D in the 
inhibition of breast, colon, and prostate cancers. Vitamin D is involved in the maturation of normal cells, stimulates 
the death of the cancerous/abnormal cell, and prevents the process of angiogenesis-in which new blood vessels are 
formed to transport O2 and other nutrients for the growth and development of the cell. Mortality rates can be reduced 
due to cancer if Vitamin D levels are enhanced as it works as an anti-inflammatory agent that helps in reducing the 
pain severity in cancer patients and it is found that breast and colon cancer rates come to decline by 50% if serum 
25-HydroxyVitamin D levels are greater than 32 ng/ml [61]. It is also observed that the women supplemented with 
similar doses of Vitamin D i.e. 400 IU/day and ‘Ca’-1000 mg/daily for 7 years. The women who had a higher level 
of Vitamin D-above 24 ng/ml were found to have a 253% reduced risk of colorectal cancer than the women who 
had lower levels of Vitamin D i.e. <12 ng/ml [30]. In another Randomized-controlled trial in which postmenopausal 
women who took Vitamin D-1100 IU/day and Ca-1500 mg/day for 4 years found to have a decline in all types of 
cancers by 60%.

Rheumatoid Arthritis (RA): Studies reveal that lower Vitamin D levels are related to the risk of developing 
Rheumatoid arthritis. A study conducted for 29,368 women of age 55-69 years revealed that women having low 
Vitamin D levels were found to suffer from this autoimmune disease. And women having increased Vitamin D 
concentrations have less possibility for developing RA [62]. It can be prevented with enhanced Vitamin D levels as 
Vitamin D exhibits the immunomodulation effect and helps in controlling immune responses [63].

Type 1 and Type 2 Diabetes Mellitus: Type1 Diabetes Mellitus (T1DM), an autoimmune disorder in which β-cells of 
the pancreas are damaged by the immune system, so insulin can’t be formed completely or the body becomes deficient 
in insulin. Around 1 in 300 children in the United States and 2%-5% globally, it is found to be highly prevalent [64]. 
Vitamin D serves anti-inflammatory and immunomodulation effect and helps in controlling the secretion of insulin, 
the existence of beta cells, and maintains the levels of calcium inside the beta cells of the pancreas [65]. It has been 
shown by various researches that Type I diabetes is linked with Vitamin D deficiency however, can be prevented if 
Vitamin D fortified milk is supplemented to children. It helps to maintain insulin stimulated by glucose. In a study, 
newly diagnosed patients were supplemented with different forms of Vitamin D. Alfa-Calcidiol was found to be 
effective in patients with T1DM whereas other forms of Vitamin D such as cholecalciferol and calcitriol were found to 
be less effective [34]. It is observed that if offspring are supplemented with Vitamin D during the period of pregnancy, 
can come out to be beneficial in preventing the development of T1DM by 63% [66].

In Type 2 Diabetes, insulin is not used appropriately by the body which leads to the elevation of sugar in the blood. 
Vitamin D helps in absorbing calcium which in turn regulates the levels of sugar in the blood. Various studies show that 
inadequate levels can lead to an individual prone to develop T2DM, however, the use of Vitamin D can be advantageous 
in maintaining blood sugar levels and insulin resistance [67,68]. A study of 83,779 women having no medical history 
of diabetes, were divided into 2 groups. They were provided with additional Vitamin D supplementation. In the first 
group, women were provided with calcium greater than 1200 mg and Vitamin D greater than 800 IU whereas the 
other group was provided with calcium less than 600 mg and Vitamin D less than 400 IU for about 2-4 years. The first 
group which is supplemented with higher dosages is found to have a 33% decline in the incidence of Type II diabetes 
[68-71].

Tuberculosis (TB): In one of the study it was found that in female Tuberculosis patients, factors including poor 
nutrition, low socioeconomic level, and less exposure to sunlight reflecting deficiency of Vitamin D may increase the 
possibilities of disease progression. Higher intake of Vitamin D can help to reduce the risk of TB. In the era of without 
antibiotics, Sunshine and Vitamin D containing food proved as an effective measure in controlling TB [72-74].

Systemic Lupus Erythematous (SLE): SLE can damage various organs and is responsible for inflammation. In this 
autoimmune disorder, individuals sensitive to sunlight are affected with red-colored rashes on their skin. So, they are 
advised to get less sun exposure which in turn, will become them Vitamin D deficient. Usually, inadequate levels are 
found in SLE patients. Vitamin D maintains the development and production of the immune cells involved in SLE. 
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The immune system can be affected by the deficiency of Vitamin D. Vitamin D has an action of immunomodulation 
and suppresses many functions of the immune system in individuals with SLE [75]. Higher intake of Vitamin D can 
show improvements in SLE patients.

Autoimmune Thyroid Disorders (AITD): AITD includes Grave’s diseases and Hashimoto thyroiditis, both are 
linked to poor Vitamin D intake levels which are associated with reduced serum 25-OHD concentrations. In Grave’s 
disease, the thyroid gland is damaged by the immune cells of the body which leads to more production of thyroid 
hormone than is required by the body [76,77]. VDRs are present on many immune cells which regulate the immune 
system by influencing the immune and adaptive responses. Along with the anti-thyroid drugs or by increasing the 
thyroid hormone, the use of Vitamin D has been beginning to use as a therapy to combat AITD [78].

Cognitive Disorders: Vitamin D serves a significant function in the maturation and maintenance of the brain and its 
functions and protection of neurons because its receptors are present in the brain. It is a neuro-steroid hormone, has 
a significant effect on neurons [79]. Hypovitaminosis D can lead to individuals suffering from Parkinson’s disease, 
Alzheimer’s disease, schizophrenia, depression, anxiety disorders, and dementia. Vitamin D maintains the functions 
of neurotransmitters in the brain such as acetylcholine, serotonin, and dopamine. It also acts as an antioxidant agent, 
has a defensive action on brain from various free radicals.

Vitamin D supplementation proved to be an effective approach to treat cognitive disorders. It is reported in a study 
that when 800 IU/day Vitamin D was supplemented to individuals affected by Alzheimer’s disease, it is found to be 
reduced by 5 times after seven years of supplementation. A meta-analysis stated that there is about 2.4 times increased 
possibility in the insufficient Vitamin D individuals, to think and take decisions properly due to the mental disability as 
compared with sufficient individuals. Vitamin D supplementation can be done to treat these neural diseases. In a study, 
in which 170 women of age between 65-77 years were enrolled and after Vitamin D supplementation for some time, it 
is found that increasing intake of Vitamin D resulted to be beneficial in declining cognitive disorders.

Depression affects the individual’s mood in which he/she has a feeling of sadness and loneliness and begins to withdraw 
from society and other social activities. Depressive patients tend to go less outside thus, they get less sun exposure and 
their appetite is generally poor. It is highly prevalent in women. It has been stated in studies that women are at two time’s 
greater risk to affect with depression than men. Around 840 million individuals suffer from depression worldwide. 
Lower levels of Vitamin D are responsible for affecting 8%-14% greater risk of depression and 50% greater risk of 
suicide. Patients who suffer from depression are found to have low serum Vitamin D levels. It is also stated in some 
studies that individuals who have limited exposure to sunlight, are found to suffer from depression. Harbolic stated 
in a study in which about 6000 individuals of age around 50 years were enrolled, proposed that individuals suffering 
from Hypovitaminosis D are more susceptible to suffer from depression (feeling of sadness and loneliness. Sufferers 
who are getting antidepressants along with Vitamin D are found to help lower depression. Vitamin D performs the 
function of an anti-inflammatory agent and maintains the production of serotonin in controlling depression [80]. In 
another study, in which 18 years of adults are enrolled as participants reported to suffer from depression were found 
to be affected with Hypovitaminosis D. In a study, in which 20 women complained about anxiety disorders such as 
any kind of fear, responses towards stress or any panic situation, found to have lower serum 25-OHD concentrations. 
High intake of Vitamin D supplementation by sun exposure and dietary sources can be an effective method to reduce 
anxiety. In a study of 743 Australian pregnant females having low serum Vit D levels, the infants born were affected 
with language impairment function.

Cardio Vascular Diseases (CVDs): Vitamin D receptors are present in the heart. Vitamin D maintains the functions of 
immune and inflammatory cells. Inadequate Vitamin D proportions result in hypertension, Hyperlipidemia, peripheral 
vascular diseases, coronary artery diseases, heart failure, and stroke [81]. Vitamin D shows an anti-inflammatory effect. 
Reduced levels can cause inflammation in the arteries. Vitamin D deficiency is also correlated with Atherosclerosis. 
Vitamin D helps in the regulation of high blood pressure by keeping the arteries flexible and relaxed. High Blood 
pressure can also be decreased if an individual is supplemented with Vitamin D. In a study, 148 Vit D deficient 
elderly females were given Vitamin D (800 IU) and calcium (1200 mg), there is 9% decline is found in systolic BP in 
comparison to calcium alone [82].

Inflammation: Vitamin D serves a significant purpose in maintaining innate and adaptive immune responses. It helps 
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the immune system to synthesize antimicrobial proteins which fight against the bacteria and coping the infections 
and inflammation. A diet enriched with Vitamin D can help control pain. Vitamin D shows its anti-inflammatory 
property. It helps to heal wounds by inhibiting inflammation and initiating immune responses in the body. It inhibits 
the secretion of cytokines and suppresses the function of T-cell [83]. Increased levels of Vitamin D help in lowering 
inflammation and pain. Vitamin D deficient individuals are found to have a higher level of C-reactive protein which is 
the marker of inflammation, produced by the liver.

Inflammatory Bowel Disease (IBD): IBD is highly prevalent in Vitamin D deficient individuals. It includes two 
diseases as Crohn’s disease and ulcerative colitis. Crohn’s disease cause damage to the GI tract and causes diarrhea, 
pain in the abdomen, fever, and fatigue while ulcerative colitis causes inflammation in the Colon. Although Crohn’s 
disease is not treatable it can be maintained or reduced with Vitamin D supplementation by sun exposure and 
dietary intake. In Nurse’s Health studies in the USA, it was observed that women of age around thirty years living at 
northern latitudes were found to be more prevalent to IBD than women living at southern latitudes. It might be due 
to easy accessibility of the sun exposure at southern latitudes. Patients supplemented with Vitamin D were found to 
have a reduction in C-reactive protein (an indicator of inflammation) and fecal calprotectin (a marker of intestinal 
inflammation). Vitamin D can act as a regulator in the immune system to control inflammation therefore, can be used 
as a therapy to curb IBD [84].

Fatigue, Tiredness, and Sleep Disorders: Low levels of Vitamin D can cause fatigue. In a case study, it was found 
that a female having a Vitamin D level of only 5.9 ng/ml, which is considered deficient, suffered from chronic daytime 
fatigue and headaches. When Vitamin D levels were raised to 39 ng/ml, she started to show reduced symptoms. 
Therefore, Vitamin D supplementation has been shown to decrease fatigue and tiredness. The association of low levels 
of Vitamin D and muscle pain and weakness subsequently leads to sleep disturbances. Hypovitaminosis D can cause 
sleep apnea-a kind of sleep disorder. Insufficient levels of Vitamin D can also make an individual sleep in the daytime 
by influencing the central inflammatory mediators. Vitamin D regulates many metabolic processes and disruption in 
sleep can be occurred if any of the metabolic processes is not regulated properly in the absence of Vitamin D [85].

Hair loss: Hair loss mostly occurs due to stress. But low Vitamin D levels can lead to excessive hair loss. It is quite 
common in women. Vitamin D deficiency can cause Alopecia areata-autoimmune disorder makes severe hair loss on 
the scalp. Female Pattern Hair Loss (FPHL) is majorly responsible for Alopecia areata in women. The studies suggest 
that it affects around 6%-12% of females aged between 20-30 years and around 55% of elderly women of age about 70 
years. It can be observed in women with low levels of Androgen. Vitamin D supplementation can be useful to reduce 
hair loss and promote the growth of hair. Sunlight exposure, the use of calcipotriol, and Vitamin D supplements were 
found to be effective to combat FPHL [86]. Vitamin D receptors are present on keratinocytes, regulates the production 
of keratin. Keratinocytes can be obtained from hair follicles, which aids the hair follicles to regenerate. FPHL is 
regulated by estrogen and androgens.

Mortality: It is described in many studies that lower serum Vitamin D concentration can lead to more all-cause 
mortality cases. But the increased Vitamin D concentrations in patients can lead to a lower incidence of mortality 
cases by 4%-11% [20]. Supplementation with Vitamin D3 was found to be more effective than Vitamin D2 in reducing 
deaths. However, increased intake can also lead to death due to Hypervitaminosis D. In a meta-analysis in which 
mostly elderly women were enrolled of age around 70 years, it showed that there is a decline in mortality rates by 7% 
by increasing the Vitamin D intake [87].

Uterine Fibroids (UF): It affects the reproductive tract of women. These benign tumors affect around 77% of women. 
It is found to be four times more prevalent in females with dark pigmentation than light-skin pigmentation because of 
Vitamin D deficiency. It can further have associated with miscarriage, pelvic pain, heavy and painful menstruation. 
VDRs are present in the uterus and help in the regulation of the menstrual cycle and the gene expression which 
influences the maintenance of uterine tissues. Vitamin D therapy can be used in which it serves the function of anti-
fibrotic property and can help in the reduction in the number and volume of uterine fibroid lesions by stimulating the 
death of these tumors. Patients having UF lesions were found to have lower Vitamin D levels [88].

Anemia: Anemia is a major issue, affects majorly children and women. Vitamin D is involved in the regulation of iron 
levels in the body as well as the formation of RBCs. It maintains the levels of cytokines involving in inflammation and 
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the production of antimicrobial peptides. It decreases the ‘hepcidin’ hormone during inflammation which is responsible 
for maintaining iron levels in the body. Vitamin D deficiency disrupts the regulation which ultimately leads to iron loss 
and the individual can become anemic. Patients with inadequate serum 25(OH)D concentrations are more prone to 
anemia. Higher levels of Vitamin D can elevate the number of RBC and hemoglobin levels [89].

Polycystic Ovary Syndrome (PCOS): PCOS affects the regulation of the menstruation cycle. It leads to elevated 
androgen hormones in the women’s body and leads to irregular menstruation. As the VDRs are present on the ovary, it 
is involved in the maintenance of functions of ovary. Obese PCOS patients were found to have lower serum 25-(OH) 
D concentrations than non-obese patients [90]. Higher consumption of Vitamin D can be effective in the proper growth 
of ovarian follicles and the regulation of the menstrual cycle.

Infection and Covid-19: Recent researches suggest that individuals who are deficient in Vitamin D levels have a 
greater possibility to become infected with the COVID-19 virus. Globally, the COVID-19 has made health issues and 
affecting the respiratory tract. Many studies demonstrated that Vitamin D plays a very important role in preventing 
respiratory tract disorder. In human lung microvascular endothelial cells, Vitamin D increases the number of the 
ACE2 receptors which can attach to the virus and inactivate the virus. It has been found that in reducing the common 
cold, Vitamin D can increase cellular immunity, physical immunity and regulate adaptive immunity pathways. Hence 
people who are deficient or at high risk of Vitamin D should include Vitamin D supplements or fortified food in their 
diet during the COVID-19 pandemic [91,92].

Vitamin D helps us to make our immune system strong. Vitamin D deficiency can cause infection in the upper 
respiratory tract. In a study, of 2279 children, children having low Vitamin D levels, were affected by lower respiratory 
tract infections. Increased levels of Vitamin D can help reduce the infections such as flu, colds, bronchitis, wheezing 
disorders, pneumonia, bacteremia, and urinary tract infections. Deficient children suffer more from wheezing disorders. 
Flu and the common cold are found to be more prevalent in colder months when Vitamin D levels are found to be low 
in individuals. High intake of Vitamin D leads to an increase in the formation of anti-microbial proteins which helps to 
fight against pathogens-viruses and bacteria. High Vitamin D levels also reduce the incidence of asthma and allergies 
[93]. A study among the Japanese children supplemented with 1200 IU/day of Vitamin D was found to be reduced 
by 42% in Influenza. According to study children with higher Vitamin D level have 93% less risk of infections than 
Vitamin D deficient children [94].

Along with high Vitamin D intake, maintaining distance with people and personal hygiene are found to be effective 
in combating COVID-19 infection.

CONCLUSION

Vitamin D is important for optimal skeletal and bone health. Vitamin D is also considered to be associated with many 
chronic disorders. Besides play important role in the prevention of various disorders includes diabetes, rheumatoid, 
osteoporosis, and hypertension, reduced risk of cancer, autoimmune disorder, and extraskeletal disease. With 
increasing urbanization and changing, lifestyles people are less exposed to sunlight which affects human health. 
Hence changing the dietary pattern includes Vitamin D fortified food or supplements may enhance the Vitamin D 
concentration. Considering fortification of varieties of staple food may be the effective solution to overcome Vitamin 
D deficiency not only in the high but low-income group.
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