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A B S T R A C T 

Introduction: Vitamin D can play an important role in regulating the body's 
immune system, and recent studies have suggested a relationship between 
vitamin D serum levels and autoimmune diseases, including rheumatoid arthritis. 
The present study is a systematic review regarding the relationship between 
vitamin D and short chain fatty acid in serum plasma with protein recombination 
in VDR in patients with multiple sclerosis (MS). 

Methodology: Several epidemiological, immunological, and genetic studies have 
reported the association between low vitamin D levels, measured as low blood 
25-hydroxyvitamin D levels, and pre- and post-disease MS. Therefore, people 
with MS were screened for vitamin D deficiency, and vitamin D supplements were 
given along with immunomodulatory therapy. It is unclear whether vitamin D 
supplementation improves relevant clinical outcomes (recurrence, worsening of 
disability) or reduces the number of lesions seen on magnetic resonance imaging 
(MRI). 

Conclusion: It seems that the use of vitamin D supplements in people with MS 
has no effect on relevant clinical outcomes or new lesions observed on MRI. 
Vitamin D supplementation appears to be safe at the doses and durations used in 
the trials, although available data are limited. Seven trials are ongoing; They will 
likely provide more evidence for future updates to this review. 

 
  

Introduction 

itamin D is a fat-soluble vitamin 

that is responsible for maintaining 

and providing calcium and 

phosphorus in the blood by enhancing their 

absorption from food in the intestine and 

enhancing their reabsorption in the kidney [1-

4]. Maintaining the proper concentration of 

calcium [5-8] and phosphorus in the blood is 

necessary to strengthen bone formation and 
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provide the proper concentration of calcium 

[9-13] and phosphorus in the bones in order to 

make the bones stronger [14-17]. Vitamin D 

produced in the skin or consumed through food 

is converted into 25-hydroxyvitamin D and 

1,25-dihydroxyvitamin D or calcitriol during 

two hydroxylation steps in the liver and kidney, 

respectively [18-23]. 1 and 25-

dihydroxyvitamin D is the physiologically 

active form of vitamin D. Vitamin D3 is 

produced in the skin after exposure to sunlight, 

especially ultraviolet B (UVB) rays. In this 

process, 7-dehydroxycholesterol reacts with 

ultraviolet B rays and vitamin D3 or 

cholecalciferol is produced [24-29]. Exposure 

to sunlight for 10 to 15 minutes daily and at 

least 2 times a week is enough to make the 

necessary amounts of vitamin D [30-35]. The 

melanin pigment in the skin acts like a light 

filter in the skin, so dark-skinned people need 

more time in the sun to make the same amount 

of vitamin D compared to light-skinned people 

[36-38]. 

Vitamin D produced in the skin or consumed 

through food is converted into 25-

hydroxyvitamin D and 1,25-dihydroxyvitamin 

D or calcitriol during two hydroxylation steps 

in the liver and kidney [39-43], respectively. 1 

and 25-dihydroxyvitamin D is the 

physiologically active form of vitamin D. 

Dihydroxyvitamin D has a short half-life (4 to 6 

hours) and its amount in plasma is 

approximately one thousandth of 25-

hydroxyvitamin D [44-49]. 25-Hydroxyvitamin 

D has a long half-life (2 to 3 weeks) and its 

measurement is less influenced by daily 

changes, sunlight and consumption of foods 

containing vitamin D, for this reason clinical 

science experts and scientific associations, its 

measurement has been accepted as a criterion 

for determining the health level of vitamin D 

[50-54]. 

Deficiency of 25-hydroxyvitamin D following 

things such as insufficient consumption in food, 

avoiding sunlight [55-59], malabsorption, liver 

and kidney disorders [60-63], use of 

anticonvulsants such as phenytoin and 

phenobarbital (due to increased liver 

metabolism of vitamin D) and a number of 

hereditary disorders [64-69].  

 

Biochemistry and physiology of vitamin D3 

Vitamin D and its metabolites may be classified 

as cholecalciferol (vitamin D3) or 

ergocalciferol (vitamin D2) [70-73]. 

Cholecalciferol (vitamin D3) is a compound of 

the vitamin D family that is naturally produced 

in the skin from 7-dehydrocholesterol as a 

result of exposure to ultraviolet rays from 

sunlight. Geographical location, season, age, 

use of sunscreens and skin color affect the 

production of vitamin D3 by the skin [74-79]. 

Vitamin D2 (ergocalciferol) is another 

compound of the vitamin D family that is 

converted to ergo sterol by radiation produced 

by yeasts. Vitamin D2 differs from vitamin D3 

by a double bond between carbon 22 and 

carbon 23, as well as a methyl group on carbon 

24 [80-85]. 

Only a limited number of foods naturally 

contain significant amounts of vitamin D, 

primarily cod liver oil, fatty fish [86-89], egg 

yolks, and liver. Before foods were fortified 

with vitamin D2 or D3, most vitamin D in the 

body was made in the skin [90-93]. In North 

America, a significant fraction of vitamin D is 

acquired and provided by absorption from 

solid foods (some cereals, bread and milk) or 

vitamin D supplements. The recommended 

amount to compensate for its need is 400 IU 

(10 µg) daily [91-93]. 

Vitamin D is unique in that it can be absorbed 

by the body both through food and through 

sunlight [94-96]. However, about 50% of the 

world's population does not get enough 

sunlight, and 40% of the American population 

is vitamin D deficient [97-99]. The daily intake 

of vitamin D should be 400 units per day, which 
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comes from food, but many organizations 

health experts recommend this amount to 

reach 600 units per day [100-102]. 

 

Metabolism, regulation and transport of 

vitamin D3 

Vitamins D3 and D2 are metabolized in the 

liver by the vitamin D 25 hydroxylase enzyme. 

Vitamin D2 and vitamin D3 are metabolized to 

25 and 1 dihydroxy vitamin D2 and D3 as a 

biologically active hormone by 1,25-vitamin D 

dihydroxylase (cytochrome P450 enzyme) in 

the kidneys and placenta. Circulating 

concentrations of 1- and 25-dihydroxyvitamin 

D are tightly regulated primarily by PTH, 

phosphate, calcium, and 1- and 25-

dihydroxyvitamin D itself [103-106]. 

 

Biological function of 1 and 25 

dihydroxyvitamin D 

1 and 25 dihydroxyvitamin D helps maintain 

blood phosphate and calcium levels through its 

action on the small intestine, bone, kidney and 

parathyroid. In the small intestine, 25 and 1 

dihydroxyvitamin D stimulates calcium 

absorption, especially in the duodenum, and 

phosphate absorption in the jejunum and ileum 

[107-112]. The three events of calcium 

absorption from the diet include: 

 Entry of calcium into the border brush of 

the cytoplasm; 

 Diffusion of calcium into the fostered cell; 

 Calcium exits from the cell through the 

basolateral membrane [113]. 

In high concentrations, 1 and 25 

dihydroxyvitamin D increases reabsorption by 

inducing monocytic stem cells to differentiate 

into osteoclasts in the bone marrow and by 

stimulating osteoblasts to produce cytokines 

and other factors that affect osteoclast activity 

[114-120]. By stimulating osteoblasts, 1 and 25 

dihydroxyvitamin D also increase the 

concentration of alkaline phosphatase and 

osteocalcin in circulation. In the kidneys, 1 and 

25 dihydroxyvitamin D inhibits its own 

synthesis in a very short negative physical loop 

and stimulates its own metabolism. Also, 1 and 

25 dihydroxyvitamin D directly affects the 

parathyroid glands in inhibiting the synthesis 

and secretion of PTH. In addition to the direct 

transcriptional mechanism, 25 and 1-

dihydroxyvitamin D increases the 

concentration of calcium-sensing receptors in 

the parathyroid gland. Therefore, it makes the 

gland sensitive to calcium inhibition [121-129]. 

So, in short, the metabolism of vitamin D3 is as 

follows: On the surface of the human skin, there 

is a raw material for making vitamin D called 

7Dehydrocholesterol [130-135]. As a result of 

direct sunlight, this molecule turns into 

cholecalciferol or vitamin D3 on the surface of 

the skin, so this vitamin D3 is not active. In 

order to be activated, it must go through 2 

stages of HYDROXYLATION. In the first stage, 

cholecalciferol enters the liver, where it takes 

an OH molecule and turns into 25-hydroxy 

vitamin D3.  

It should be noted here that vitamin D3 

absorbed through food also enters the liver, 

and that's it. (that is, the first step of 

hydroxylation) then the 25-hydroxyvitamin D 

molecule goes to the kidney through the blood, 

and the second step of hydroxylation takes 

place in the kidney. It means that it absorbs 

another OH and turns into 1,25Dihydroxy 

vitamin D3. Now this final molecule is the 

active form of vitamin D3, whose other name is 

calcitriol [136]. 

 

Benefits of vitamin D3 

Getting vitamin D and calcium increases muscle 

strength and coordination in the elderly. 

Vitamin D also prevents the occurrence of 

diseases such as rickets in children, 

osteomalacia in adults and osteoporosis in old 

age [137-140]. Also, this vitamin helps a lot in 

the growth and strength of bones and cell 

growth. Also, taking vitamin D is effective in 
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brain health and preventing Alzheimer's 

disease [141]. 

 

 

Multiple sclerosis (MS) 

Multiple sclerosis (MS) is an inflammatory 

disease in which the myelin sheaths of nerve 

cells in the brain and spinal cord are damaged 

(142). The prevalence of multiple sclerosis in 

Iran has been reported to be increasing in 

recent years (143).  

Interferon beta is one of the main and useful 

drugs in the treatment of MS, but this drug has 

not shown results in 20-50% of cases. 

Determining whether the patient responds to 

this drug or not before prescribing it will be 

very beneficial (144).  

Unfortunately, observing the patient's 

response to beta interferon requires following 

up the patient's symptoms for 1 to 2 years, and 

in non-responsive patients, this means that the 

patient remains without useful treatment for a 

long time, which, regardless of the 

ineffectiveness of the treatment, costs the 

patient a lot will be imposed. Much of the 

difference in response to treatment is due to 

genetic variation between individuals [145]. 

This statement means that people need 

different doses of the same drug and in other 

cases, drugs that are effective and safe for one 

person may be fatal for another [146]. 

Therefore, finding biomarkers to predict 

response to treatment along with clinical and 

radiological findings will be very useful to 

determine correct and timely treatment. Many 

studies have shown that the serum level of 

vitamin D in MS patients was significantly low 

[147].  

Vitamin D as an environmental factor is 

considered to be the cause of 

neurodegenerative diseases such as MS. The 

active form of vitamin D exerts its action by 

binding to the nuclear vitamin D receptor [148-

151]. Therefore, a defect in this gene causes 

vitamin D dysfunction and further increases 

the risk of autoimmune diseases such as MS. 

Polymorphisms can change the function of 

vitamin D receptor [152-155].  

4 polymorphisms in vitamin D receptor have 

been associated with MS disease: 

FokIrs10735810, BsmIrs1544410, TaqI 

rs73123 and ApaIrs7975232 (9,8,5). In recent 

years, many studies have been conducted in 

different parts of the world on vitamin D 

receptor polymorphisms and their relationship 

with MS, and their results are different and 

controversial (56-158). Among these studies, 

there are studies conducted on the populations 

of Japan (11), Australia (12), Slovakia (13), 

Kuwait (14), Tunisia (15), Turkey (16) and also 

Iran (18,17). Due to the fact that this gene can 

play a very important role in MS disease and 

has attracted the attention of many researchers 

around the world, and the results have been 

reported in different populations of the world. 

 

The relationship between plasma Omega-3 

levels and prevalence of diabetes in adults 

The human body needs nutrients such as fatty 

acids and proteins to meet its needs. Fatty acids 

are the components of fats that the body is not 

able to produce its essential types and must be 

supplied through food. Fatty acids are divided 

into two groups, saturated and unsaturated. 

"Omega-3" is the name of a group of essential 

unsaturated fatty acids [159-161].  

These fatty acids are called essential because, 

firstly, they are absolutely necessary for the 

survival of the body, and secondly, because 

they cannot be produced by the human body 

itself, they must be supplied through the diet 

with supplements [162-168]. Previous studies 

have shown that the estimated intake of long-

chain Omega-3 fatty acids through a food 

frequency questionnaire was associated with a 

higher incidence of diabetes, but there is 

limited prospective data on the risk of diabetes 

in relation to the amount of Omega-3 intake.  
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In a study recently published in the American 

Journal of Clinical Nutrition, researchers 

investigated the relationship between long-

chain Omega-3 fatty acids in plasma and the 

incidence of diabetes. Therefore, they collected 

the data of 3088 elderly men and women with 

an average age of 75 years. In this study, 

Omega-3 in plasma was measured using gas 

chromatography, and diabetes was evaluated 

by checking serum glucose and using blood 

sugar-lowering drugs [169-173].  

The results of this study showed that in the 

middle of this study, which lasted 10.6 years, 

204 people were diagnosed with diabetes, and 

in the multivariable model that analyzed the 

data, intervening factors such as age, gender, 

race, body mass, consumption alcohol, 

smoking, physical activity, LDL cholesterol and 

linoleic acid were moderated [174-176].  

After analyzing the data, the researchers 

observed that Omega-3 and ALA fatty acids 

were not related to the incidence and 

prevalence of diabetes, and people with the 

highest concentration of both types of these 

fatty acids had a lower risk of diabetes. In 

connection with the use of essential 

unsaturated fatty acids, the so-called Omega-3, 

the fear of increasing the incidence of diabetes 

is irrational. What is more interesting is that 

people who have the highest concentration of 

unsaturated fatty acids in their plasma 

experience a lower risk of diabetes [175]. 

 

What are short chain fatty acids? 

Short chain fatty acids are fatty acids with less 

than 6 carbon (C) atoms. They are produced 

when friendly gut bacteria are depleted of fiber 

in your colon and are the main source of energy 

for your colon cells. For this reason, they play 

an important role in colon health [177].  

Excess short-chain fatty acids are used for 

other body functions. For example, they may 

provide approximately 10% of your daily 

calorie needs. Short chain fatty acids are also 

involved in the metabolism of important 

nutrients such as carbohydrates and fats. 

 

About 95% of the short-chain fatty acids in 

your body are 

Acetate (C2); 

Proposition (C3); 

Butyrate (C4). 

Propionate is mainly involved in the 

production of glucose in the liver, while acetate 

and butyrate are incorporated into other fatty 

acids and cholesterol [178-180]. Many factors 

affect the amount of short-chain fatty acids in 

your colon, including the number of 

microorganisms present, the food source, and 

the length of time it takes for food to travel 

through your digestive tract. 

 

Bottom line 

Short-chain fatty acids are produced when 

fiber is fermented in the large intestine. They 

act as a source of energy for the cells containing 

the large intestine [181-183]. 

 

Food sources of short chain fatty acids 

Eating lots of fiber-rich foods, such as fruits, 

vegetables, and legumes, is associated with 

increased short-chain fatty acids. In a study of 

153 people, a positive correlation was 

observed between the consumption of more 

plant foods and an increase in the amount of 

short-chain fatty acids in feces [184-189]. 

However, the amount and type of dietary fiber 

you eat affects the bacteria in your gut, which 

affects the production of short-chain fatty 

acids. For example, studies have shown that 

eating more fiber increases butyrate 

production, while reducing your fiber 

decreases production. 
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The following types of fiber are important 

for the production of short-chain fatty acids 

in the large intestine 

Inulin 

You can get inulin from artichokes, garlic, leeks, 

onions, wheat, rye and asparagus. 

 

Fructooligosaccharides (FOS): FOS is found 

in various fruits and vegetables, including 

bananas, onions, garlic and asparagus [190]. 

 

Resistant starch 

You can get resistant starch from starch, barley, 

rice, beans, green bananas, legumes and 

potatoes that have been cooked and then 

cooled [191]. 

 

Pectin 

Good sources of pectin include apples, apricots, 

carrots, oranges, etc. 

 

Arabinoxylan 

Arabinoxylan is found in cereal grains. For 

example, the most common fiber found in 

wheat bran is about 70% of the total fiber 

[192]. 

 

Guar gum 

Guar gum can be extracted from the guar bean, 

which is a legume. Some types of cheese, butter 

and cow's milk also contain small amounts of 

butyrate. 

 

Bottom line 

High-fiber foods, such as fruits, vegetables, 

legumes, and whole grains, encourage the 

production of short-chain fatty acids [193]. 

 

Short chain fatty acids and digestive 

disorders 

Short chain fatty acids may be beneficial 

against some digestive disorders. For example, 

butyrate has anti-inflammatory effects in the 

gut. 

 

Diarrhea 

Your gut bacteria convert resistant starch and 

pectin into short-chain fatty acids, and eating 

them has been shown to reduce diarrhea in 

children. 

 

 

Inflammatory bowel disease 

Ulcerative colitis and Crohn's disease are the 

two main types of inflammatory bowel disease 

(IBD). Both are characterized by chronic 

intestinal inflammation. Due to its anti-

inflammatory properties, butyrate has been 

used to treat both conditions. Studies in mice 

have shown that butyrate supplementation 

reduces intestinal inflammation, and acetate 

supplementation has similar benefits. 

Additionally, lower levels of short-chain fatty 

acids have been linked to worse ulcerative 

colitis. Human studies also suggest that short-

chain fatty acids, especially butyrate, can 

improve symptoms of ulcerative colitis and 

Crohn's disease [194-197].  

A study involving 22 patients with ulcerative 

colitis found that consuming 60 grams of oat 

bran daily for 3 months improved symptoms. 

Another small study found that butyrate 

supplementation led to clinical improvement in 

53% of patients with Crohn's disease. For 

ulcerative colitis patients, short-chain fatty 

acids twice daily for 6 weeks helped reduce 

symptoms by 13%.  

 

Bottom line 

Short-chain fatty acids may reduce diarrhea 

and help treat inflammatory bowel disease. 

 

Short chain fatty acids and colon cancer 

Short chain fatty acids may play an important 

role in the prevention and treatment of some 

cancers, mainly colon cancer. Laboratory 

studies show that butyrate keeps colon cells 

healthy, prevents the growth of tumor cells, 
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and prevents the destruction of cancer cells in 

the colon. However, the mechanism of this is 

not well understood. Several observational 

studies have shown an association between 

high-fiber diets and a reduced risk of colon 

cancer.  

Many experts believe that the production of 

short-chain fatty acids may be partly 

responsible. Some animal studies also show a 

positive association between high-fiber diets 

and a reduced risk of colon cancer. In one study, 

mice fed a high-fiber diet whose guts contained 

butyrate-producing bacteria used 75% less fat 

than mice without the bacteria (from 33Tusted 

functions). Interestingly, a high-fiber diet 

alone—without the bacteria to make 

butyrate—did not have protective effects 

against colon cancer.  

A low-fiber diet—even with butyrate-

producing bacteria—didn't work either. This 

suggests that the anti-cancer benefits only exist 

when a high-fiber diet is combined with the 

correct bacteria in the gut. However, human 

studies provide mixed results. Some show a 

link between high-fiber diets and a reduced 

risk of cancer, while others find no link. 

However, these studies did not look at gut 

bacteria, and individual differences in gut 

bacteria may play a role. 

 

Bottom line 

Short-chain fatty acids have been shown to 

protect against colon cancer in animal and 

laboratory studies. However, more research is 

needed. 

 

Fatty acids and short chain diabetes 

By reviewing the evidence, it has been reported 

that butyrate can have positive effects in 

animals and humans with type 2 diabetes. The 

same study also emphasized that there seems 

to be an imbalance in intestinal 

microorganisms in people with diabetes. Short-

chain fatty iodine’s increase enzyme activity in 

liver and muscle tissue, and the result is better 

blood sugar control. In animal studies, acetate 

and propionate supplementation improved 

blood sugar levels in diabetic rats and normal 

rats. However, there are fewer studies on 

people and the results are mixed. 

One study found that propionate supplements 

reduced blood sugar levels, but another study 

found that short-chain fatty acid supplements 

had no significant effect on blood sugar control 

in healthy subjects. A number of human studies 

have also reported a link between fermented 

fiber and blood sugar control and insulin 

sensitivity. However, this effect is usually only 

seen in people who are overweight or insulin 

resistant and not in healthy people. 

 

Bottom line 

Short-chain fatty acids seem to help regulate 

blood sugar levels, especially for people with 

diabetes or insulin resistance. 

 

Short chain fatty acids and weight loss 

The composition of microorganisms in the gut 

can influence nutrient absorption and energy 

regulation. Therefore, it affects the 

development of obesity. Studies have shown 

that short-chain fatty acids also regulate fat 

metabolism by increasing fat burning and 

decreasing fat storage. When this happens, the 

amount of free fatty acids in the blood 

decreases and can also protect against weight 

gain. Several animal studies have investigated 

this effect.  

After 5 weeks of butyrate treatment, obese 

mice lost 10.2% of their original body weight 

and body fat decreased by 10%. In mice, 

acetate supplementation reduced fat storage. 

However, the evidence linking short-chain fatty 

acids to weight loss is based primarily on 

animal and test-tube studies. 

 

 

 



 

 
82

6 

2024, Volume 3, Issue 3 

 

 

 

Bottom line 

Animal and test-tube studies suggest that 

short-chain fatty acids may help prevent and 

treat obesity. However, human studies are 

needed. 

 

 

 

Short chain fatty acids and heart health 

Many observational studies have linked high-

fiber diets to a reduced risk of heart disease. 

However, the strength of this connection often 

depends on the type and source of the fiber. In 

humans, fiber intake has also been linked to 

reduced inflammation.  

One of the reasons that fiber reduces the risk of 

heart disease may be due to the production of 

short-chain fatty acids in the large intestine. 

Studies in both animals and humans have 

reported that short-chain fatty acids lower 

blood cholesterol levels. Butyrate is thought to 

interfere with key genes that make cholesterol, 

possibly reducing cholesterol production.  

For example, cholesterol production in the liver 

of mice was reduced by propionate 

supplementation. Acetic acid also reduced 

cholesterol levels in mice. The same effect was 

observed in obese humans, as the acetate in 

vinegar reduces the amount of excess 

cholesterol in the bloodstream. 

 

Bottom line 

Short-chain fatty acids may reduce the risk of 

heart disease by reducing inflammation and 

blocking cholesterol production. 

Should you take supplements? Short-chain 

fatty acid supplements are usually found as 

butyric acid salts. 

 

Discussion and review 

A study conducted in the Kuwaiti population 

showed that the ApaI variant is associated with 

reduced disease progression and the TaqI 

polymorphism is directly associated with the 

risk of MS (14). Meanwhile, in a study on 

Tunisian patients, researchers concluded that 

polymorphism in these two variants increases 

the incidence of MS (15).  

In a study from Slovakia, the AA genotype of 

BsmI was found to reduce the risk of 

developing MS (13). If the study on the people 

of Kuwait showed that BsmI is directly related 

to the risk of MS (14). 

 But a systematic review article stated that 

there is no association between BsmI 

polymorphism and MS. This article stated that 

the FF FokI genotype is an important risk factor 

for MS (20). Also, the study in Turkish 

population showed a significant relationship 

between FokI polymorphism and MS disease 

(16).  

However, in a study in Iran regarding FokI 

polymorphism, no significant relationship was 

observed between the patient group and the 

control group (18). In another study conducted 

on Sicilian people, it was found that the 

genotypic distribution and allelic frequency of 

these 4 polymorphisms do not show any 

significant difference between the two groups 

of patients and controls, and are not related to 

the forms and course of MS (19). As described, 

in the present study, no significant differences 

in genotypic and allelic frequencies were 

observed in the population of MS patients 

between the two groups.  

Since there is no study similar to the present 

study, a proper comparison cannot be made, 

because unlike previous studies that 

investigated these polymorphisms in MS 

patients compared to control subjects. In the 

present study, both study groups were MS 

patients and their difference was the response 

and non-response to beta interferon treatment. 

However, very conflicting results in studies of 

healthy and sick groups and comparison of 

differences in previous studies can be caused 

by various issues such as sample size and 
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volume, study population and measurement 

error.  

Considering the clinical conditions of MS 

patients and various restrictions and 

conditions such as the type of drug used, lack of 

a complete medical record, as well as budget 

and time limitations, it is difficult to reach a 

large number of these patients. 

Conclusion 

Our systematic search identified 12 studies 

that included 933 subjects with MS. Research 

shows that vitamin D intake had no effect on 

relapse, worsening of disability status based on 

the Expanded Disability Status Scale (EDSS), or 

increase in new lesions on T1-enhanced 

gadolinium MRI. Its effects on health-related 

quality of life and fatigue are unclear. Our level 

of confidence in these results is very low, 

because vitamin D was evaluated in only a few 

small trials, which we judged to be at high risk 

of bias. Vitamin D supplementation appears to 

be safe for people with MS included in our 

review, but available data are limited. Short-

chain fatty acids are produced by friendly 

bacteria in your gut. In fact, they are the main 

source of nutrition for colon cells. Short-chain 

fatty acids may also play an important role in 

health and disease. They may reduce the risk of 

inflammatory diseases, type 2 diabetes, 

obesity, heart disease and other conditions. 
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