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Metabolic Syndrome or MetS is a multifactorial disease consisting of obesity, hypertension, 

dyslipidemia, and hyperglycemia. It's common in 25% of the general population in the Northern 

US and Western Europe. In Pakistan, the statistics of MetS are unknown, however, it is expected 

to be twice that of the US. The middle age group and the geriatrics population have the highest 

number of MetS cases with risk factors such as obesity, s dentary lifestyle, alcohol, inadequate, 

inadequate sleep, and a non-vegetarian diet. The complications of MetS include obesity, 

diabetes, and cardiovascular events. A Meditteranean diet rich in fruits and vegetables, whole 

grains, and olive oil as the source of fat is considered to be the only effective dietary 

management in MetS. Moreover, a high lean protein, low and complex carbohydrate and 

moderate unsaturated fats have also shown positive progress in MetS, especially with long-

term weight reduction. Micronutrient's requirements also increase in MetS. Ful�lling these 

increased requirements has been shown to regulate and improve the metabolism of fats and 

carbohydrates. Vitamin C and E, �avonoids, vitamin D, conjugated linoleic acid, omega-3 fatty 

acids, minerals such as magnesium and chromium, -lipoic acid, phytoestrogens, and dietary 

�ber all have been studied to support the treatment of MetS along with aloe vera and other 

herbal products, yoga and aerobic exercises.

Metabolic syndrome (MetS) or syndrome X has become a 

huge challenge for health professionals around the world. 

Factors such as urbanization, high caloric intake (mostly 

re�ned and processed foods), increasing obesity, and 

diabetes mellitus During the past decade, the de�nition [1]. 

of MetS has been evolving. Currently, the diagnostic criteria 

for MetS are mentioned in  Table1.1. 
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Criteria
De�nition 

1(Consensual criteria) 
Other non-consensual 

criteria

Central 
obesity

Abdominal waist 2
Men: >102 cm (US) or 94 cm 
(EU)
Women: > 88 cm (US) or 80 cm 
(Europe)

Different cutoff values of 
BMI ≥ 28 or ≥ 28.8 or ≥ 30 

2kg/m

Dyslipide-
mia

Triglyceride ≥ 150 mg/dL 
(1.7mmol/L)
HDL cholesterol
Men: <40 mg/dL (1.03 mmol/L)
Women: <50 mg/dL 
(1.29 mmol/L)

Statin or feno�brate 
3medication 

Criteria
De�nition 

1(Consensual criteria) 
Other non-consensual 

criteria

Hypertension > 135/85 mmHg
Any Antihypertensive 
Therapy 3

Glucose 
Intolerance

Hyperglycemia
Fasting Glucose ≥ 110 mg/dL, 
or Type 2 Diabetes

Any anti-diabetes therapy 
(oral or insulin)

1 Diagnosis of metabolic syndrome (MetS) necessitates at 

least 3 out of 5 criteria;
2 Other cut off values have been established for Asians and 

Latin Americans;
3 These treatments can be taken into account for the 

diagnosis of MetS unless if given for a preemptive purpose.

Table 1: Diagnostic criteria of MetS 

3 out of 5 criteria are the minimum requirement from the 

table above are needed to de�ne MetS  These criteria are [2].



not the cause but biomarkers of metabolic syndrome, can 

also occur in a lean person with a healthy BMI and normal 

waist circumference  Fatty liver disease (usually NAFLD [3].

and NASH) is also marked in individuals with MetS with 

isolated diabetes mellitus, hypertriglyceridemia and obesity 

[4]. Moreover, MetS is linked with 2 times rise in 

cardiovascular outcomes and 1.5 times rise in all-cause 

mortality  The prevalence of MetS is not known in the [5].

general population of Pakistan. However, a study conducted 

in 2012 highlights the prevalence of MetS was 63.7% among 

the studied patients. The results also marked that the most 

common risk factor present among the cases of MetS was 

the weight/height ratio or BMI over 25, which was seen in 

70.3% of the cases  From the results, it is estimated that [6].

MetS occurrence in Pakistan is almost 2x in comparison to 

the United  Recent studies have con�rmed that pediatric [7].

nutrition is linked with disorders like MetS, obesity, and 

diabetes in the later age groups. Both conditions including 

maternal undernutrition and overnutrition are the reasons 

for infant underweight and overweight and changed 

postnatal growth (for example quick catch-up growth among 

LBW infants) leads to obesity and MetS later in life, most 

probably adulthood  LBW is related to decreased muscle [7].

mass during fetal development and adulthood. Thus, it 

subsequently elevates the risks of MetS, Type 2 DM, and CVD 

later in life. This is because skeletal muscle is important to 

maintain resting energy expenditure (REE) as well as the 

complete body insulin sensitivity. Furthermore, apart from 

these, infections and growth restriction as a result of 

inadequate calories and in�ammation can also contribute to 

CVDs and metabolic disorders such as MetS  Although, it [8].

is known that weaning and complementary feeding 

introduction can affect the future health of infants, 

overconsumption of high-calorie beverages during infancy 

is linked with obesity in childhood. Even though there's 

evidence that infants who were provided �sh oil 

supplements in infancy had improved blood pressure. A high 

intake of salt during weaning may also increase blood 

pressure, elevating the chances of hypertension and 

developing a liking to salt and salty foods  Metabolic [9].

Syndrome induces hyperglycemia contributing to insulin 

resistance which is the same cause for Type 2 Diabetes 

Mellitus [10]. Diabetes itself leads to microvascular 

complications. Diabetic Nephropathy is one of these 

microvascular complications  Directories of clinical [11].

in�ammation, such as elevated hsCRP, are connected with 

the incidence of T2DM and MetS  Among the [12].

macrovascular complications of metabolic syndrome and 

diabetes mellitus type 2, peripheral artery disease is one of 

the most common complications and comorbidity  Due [13].

to dyslipidemia in Metabolic syndrome, hypertension and 

cardiovascular complications are common in subjects. The 
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m o s t  c o m m o n  c a r d i o v a s c u l a r  c o m p l i c a t i o n  i s 

atherosclerosis  Atherosclerosis can be de�ned as the [14].

progressive thickening and hardening of the walls of arteries 

due to fat accumulation on their inside layer. This further 

leads to diseases such as coronary artery disease and many 

strokes [15]. 

Dietary Management Of Metabolic Syndrome: Diet plays an 

important role in the management and curing of MetS. 

Cer tain diets,  macronutrient,  and micronutrient 

c o m p o s i t i o n,  c o m p l e m e n t a r y  fo o d s ,  h e r b s ,  a n d 

nutraceuticals are used for the treatment and prevention of 

MetS.

Diet Trends / Plans: A diet that can drastically reduce and 

normalize the levels of hyperglycemia and dyslipidemia is 

the �rst approach for the treatment of MetS. The diet must 

also be low in sodium and saturated fats, meanwhile high in 

antioxidants. Mediterranean Diet (MD) is the only diet that 

has shown positive results in patients with MetS. The diet 

dates back to ancient times in the Mediterranean regions. 

Based on olive oil (as the primary source of added fat), plant 

foods (fruits, vegetables, legumes, tree nuts, seeds, and 

cereals), modest intake of seafood (mostly �sh), dairy, and 

low-to-moderate alcohol (typically red wine), balanced by 

comparatively limited use of red meat and other meat 

products de�nes this diet. Until recently, the Mediterranean 

diet gains the attention of medical professionals by proving a 

wide range of health bene�ts. The �rst reports discovered 

cardiovascular protection of the Mediterranean diet, as 

numerous large-scale clinical studies, exhibited a 

signi�cantly marked reduction of atherosclerotic clinical 

events (a CVD complication of MetS) in populations following 

a Mediterranean diet plan. Succeeding clinical trials also 

con�rmed promising effects on the risk for metabolic 

syndrome, obesity, T2DM, cancer, and neurodegenerative 

diseases  Olive oil is a monounsaturated fatty acid [16].

(MUFA) that has a cardioprotective, anti-oxidative, and anti-

in�ammatory effect. Numerous prospective clinical studies 

conducted showed that the Mediterranean diet was linked 

with a reduced risk of MetS  [17].

Macronutrients Distribution: The macronutrients 

distribution designed for Metabolic Syndrome aims to avoid 

and treat obesity by changing the caloric content (total 

calories), macronutrient distribution marking at 15% 

protein, lipids at 30%, and carbohydrates to 50-55%. 

Decreasing dietary fat and increasing �ber are also done. 

Even though this distribution appears to work for decreasing 

caloric density and helping short-term weight loss, however, 

for longer periods its adherence is not possible due to the 

low levels of satiety  Many experiments and studies have [18].

been done on macronutrient composition to �nd the best 

approach in weight reduction for the treatment of obesity 

and overweight. One recent nutritional intervention 



research did a comparison of the effect of 4 weight-loss 

diets with different percentages of fat, protein, and 

carbohydrates. Researchers checked the difference in body 

weight after two years, doing a comparison of low vs. high-

fat diet, average vs. high protein diet, and the highest vs. 

lowest carbs composition diet. The test subjects lost seven 

percent of their primary bodyweight with no group 

differences after 6 months; however, weight regaining was 

seen in all groups after 12 months. Finally, after 12 months, 

the weight difference was not that much visible in the 

groups. In conclusion, the study commented that no major 

nutrient affected weight loss. However, one of the �ndings in 

the study stated that choosing a high protein or low-fat diet 

was linked to improving weight loss  Multicenter [19,20].

intervention research examined the comparison of a low 

caloric, low-fat diet versus a low caloric, moderately high-fat 

diet for the management of overweight and obesity. The 

weight-loss period was 10-week, and after that period, the 

low-fat diet had a similar average weight loss in comparison 

to the high-fat diet, however, there were lesser dropouts and 

more patients lost 10% of their weight in the low-fat diet 

when compared to the high-fat diet In a review article, [21]. 

the researchers examined low-fat diets for obesity and 

found that fat-limited diets and calorie-restricted diets both 

had the same result for getting stable weight loss in 

overweight or obese individuals. One more recent trial did a 

comparison of 3 diet effects on weight maintenance after a 

starting 8% weight loss. The dietary composition included 

different carbohydrates and fat types. One was a 

monounsaturated fatty acid diet with a composition of 

35–45% fat, in which the MUFA content was 20%. The 

second diet was a low-fat diet with a composition of 

20–30%. The third was a control diet with a 35% fat 

composit ion.  The protein content was the same 

composition (10–20%) in all three of the diets. After 6 

months, there was not a major effect on weight regain 

prevention from all three diets; however, both the low-fat 

diet and MUFA diet ended in comparatively less body fat 

regaining in contrast to the control diet  Several [30]

intervention studies concluded that a high protein diet 

showed bene�cial effects and much improved results in 

comparison to a normal protein diet when it comes to weight 

loss and maintaining that weight. So, keeping the same fat 

intake, a high protein diet increases 24 hours satiety, body 

temperature, sleeping energy expenditure, protein balance, 

and fat oxidation which were responsible for weight loss and 

maintenance  In another weight loss research, a [22].

comparison was done on the variations in body weight and 

composition after short-term weight loss which was 4 

months, followed by eight months of weight maintenance 

follow-up time by consuming two types of diets. One was a 

moderate-protein diet with a composition of 30% of calories 
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from protein, 40% carbohydrates, and 30% fat. The second 

was a conventional high-carb diet consisting of 15% protein, 

55% carbohydrates, and 30% fat. The result concluded that 

the moderate protein diet with 30% protein showed positive 

results both in the starting weight loss and long-term weight 

maintenance  Evidence is generating over time that the [23].

recommended daily allowance (RDA) for protein is not 

enough to preserve muscle mass in adults during calories 

restriction for weight loss. It should be noted that the [24]  

current RDA of protein for the maintenance of muscle mass 

is based on adequate caloric intake. Moreover, there are not 

enough carbs and fats to exhibit a protein-sparing action as 

well. Thus, a moderate-protein diet with a composition of 30 

to 35% is expected to be one of the best strategies to 

decrease weight and maintain that weight in a long run. 

However, this diet should also come with the warning that it 

is not applicable to renal patients who need limited protein 

intake. It should be noted that even though a calorie de�cit is 

the most important factor for weight loss, but the 

macronutrient percentage distribution affects body 

composition changes and long-term reliability. More studies 

are required in this scenario to establish higher protein 

recommendations in a calorie de�cit diet to further improve 

weight loss and weight maintenance in a long run. For 

patients with MetS, an energy de�cit, high proteins (30 to 

35%, especially lean and high BV proteins), low fat (20 to 

30%, high in MUFA and low in saturated and trans-fat), and 

normal carb (40 to 50%, complex and low GI) diet is the best 

approach. During a weight decreasing diet, the quantity of 

protein needed to retain muscle mass is also increased due 

to the caloric restriction [25,26].

Micronutrients Distribution: Similar to the macronutrient's 

distribution, micronutrients are also important in MetS to 

decrease hyperlipidemia, hyperglycemia, hypertension and 

induce weight reduction. The primary goal is similar to the 

macronutrients distribution which is weight reduction to 

treat obesity and overweight. Incomplete vitamin and 

mineral intake are recognized among patients with obesity 

but is unidenti�ed among long-term weight-loss patients. A 

new study found the dietary quality and micronutrient 

adequacy among weight-loss maintainers. It was a 

comparison between the weight loss maintainers and the 

controlled group. Weight loss maintainers had a 10.1 point 

higher Healthy Eating Index score and greater chances of 

meeting recommendations for minerals and vitamins 

including copper, magnesium, potassium, vitamin A, vitamin 

B6, and vitamin C. Weight loss maintainers, in comparison to 

the controlled group, also reported increased percentages 

of calories from carbohydrates and protein and lower 

calories from fat.  Numerous individuals with [27]

overweight or obesity surpass caloric requirements but fail 

to meet vitamin and mineral requirements. Numerous 



micronutrient de�ciencies are a risk factor for an obese 

individual. Such micronutrients include minerals like iron, 

calcium, magnesium, zinc, copper, folate, and vitamins like 

vitamins A, B12, C, D, and E  The contributory factors for [28].

the incomplete micronutrient's intake include poor diet 

quality, energy-dense, and low nutritive value food 

overconsumption, limited fruits and vegetables in the diet in 

the US  These factors with micronutrients de�ciencies [29].

increase the risk of numerous chronic diseases, including 

MetS, cancer, CVDs, T2DM, and osteoporosis. These 

diseases are further linked with symptoms such as 

increased fatigue, lower immune response, and impaired 

cognitive function (i.e., attention, memory, and mood)  [30].

Low levels of fat-soluble vitamins such as carotenoids, 

vitamin A, D, and E have been related to Metabolic Syndrome. 

These vitamins are both antioxidative and anti-

in�ammatory and even have an important role as hormone 

re g u l ato r s  a n d /o r  l i p i d  m et a b o l i s m  a n d  g l u c o s e 

homeostasis sensors. Studies show that providing a diet 

rich in fat-soluble vitamins can drastically decrease 

complications of metabolic syndrome such as dyslipidemia 

and Diabetes Mellitus Type 2 [31,32]

Nutraceuticals: Metabolic syndrome elevates the risk 

factors linked with an increased risk of T2DM and CVDs. 

Clinical in�ammation, platelet activation, and varied 

oxidative stress are common in MetS. Even the combination 

of multiple interventions such as appropriate diet and 

reaching a healthy weight, regular exercise, and timely 

i n t a k e  o f  p r e s c r i p t i o n  d r u g s ,  a r e  b e i n g  u s e d , 

epidemiological data still indicates an increase in MetS 

cases at an alarming rate representing both the 

multifactorial  nature of these diseases and rare 

acquiescence of individuals to make strategies. Multiple 

nutraceuticals have shown positive effects in managing the 

pathogenesis and regular a series of clinical and 

biochemical reactions. These nutraceuticals consist of 

antioxidant vitamins which are water-soluble antioxidants 

(vitamins C and E), plant-based antioxidants (�avonoids), 

fat-soluble antioxidants (vitamin D, conjugated linoleic acid, 

omega-3 fatty acids), antioxidative minerals (magnesium 

and chromium), and others including -lipoic acid, 

phytoestrogens, and dietary �bers.  Numerous [33]

researches emphasized on the use of alternative 

medications for the treatment and management of MetS 

such as, traditional Chinese herbs, including ginseng, 

berberine, and bitter gourd, that have shown positive 

metabolic effects.  Herbal supplements, including, [34]

berberine, bitter melon, nigella sativa, and Gymnema 

sylvestre, are also used for the management of MetS and 

other metabolic diseases Several studies done on [35]. 

animal subjects indicate that the use of dietary antioxidants 

can delay and possibly prevent diabetes complications 
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which include diabetic nephropathy and neuropathy. The 

way these antioxidants do so is by protecting against 

oxidative stress  Vitamin C also known as ascorbic acid [36].

has a chain-breaking antioxidant, killing reactive oxygen 

species directly, and preventing the initiation of chain 

reactions that would instead lead to a decrease in protein 

glycation. Research on animal trial has proven that, vitamin C 

due to its antioxidative effect also decreases diabetes-

i n d u c e d  s o r b i to l  b u i l d u p  a n d  l i p i d  p e r ox i d e s  i n 

erythrocytes  Vitamin E is also known as -tocopherol [37].

also plays a role in protecting cell membranes from oxidative 

degradation of lipids. A decrease in Vitamin E resulting in 

de�ciency is linked with an elevated level of aldehydes and 

peroxides in many tissues [38].

The lower risk of CVDs is linked with an increased intake of 

antioxidants via diet or supplements in a prospective cohort 

study  These antioxidants include water-soluble [39].

vitamins A, C, and E as well as -carotene, folic acid, niacin, 

and two minerals called zinc and selenium. High intake of 

Vitamin B was also associated with a faster decline in 

glomerular �ltration rate  Vitamin D, a fat-soluble [40].

vitamin with its anti-in�ammatory and immune system 

changing property is found to be able to control the 

i n � a m m a t o r y  p a t h w a y  i n  T 1 D M ,  d e c r e a s i n g  t h e 

in�ammation in pancreatic islets and reducing autoimmune 

insulitis. Moreover, a reduction in insulin resistance and 

increase in the production and secretion of insulin is also 

linked to Vitamin D supplementation. It is often seen that a 

de�ciency in Vitamin D is common in obese and T2DM  

patients because Vitamin D is pre deposited in such fat 

s t o r a g e s  w h e r e  i t  b e c o m e s  l e s s  a v a i l a b l e . 

Hyperparathyroidism is often seen in diabetic patients due 

to irregular increases in calcium ions  Omega-3 fatty [41].

acids (a monounsaturated fatty acid or MUFA) intake is linked 

to greatly lowering the levels of bad cholesterol (including 

VLDL and triglycerides) in T2DM, lowering blood pressure, 

and in�ammation. Omega-3 can also prevent insulin 

sensitivity doesn't show any improvement in glycemic 

control or fasting insulin  Flavonoids are polyphenols [42]

compounds found in numerous food including fruits, 

vegetables, tea, herbs, and red wine. Citrus fruits and other 

food sources mentioned below have a huge amount of 

�avonoids prevented in them and are regularly consumed as 

a part of the diet in most countries. Flavonoids have been 

linked to improving in�ammation via their anti-in�ammatory 

effect and can be used in diseases with clinical in�ammation 

marked  Polyphenol is an antioxidant with ROS [43].

scavenging properties. It is also involved in controlling the 

components taking part in thrombosis. Flavonoids have 

been reported to have a reverse relationship with CVD stated 

by numerous prospective studies  One of the trace [44].

elements 'Chromium' is said to be lower than usual in diabetic 



individuals resulting in chromium de�ciency. With the intake 

of chromium supplements, it is seen that insulin sensitivity 

is also improved along with glucose tolerance in T2DM [45]. 

Magnesium is also supposed to lower the risk of diabetes 

with an inverse relationship between magnesium intake and 

fasting insulin levels indicating improving insulin sensitivity. 

[46] -Lipoic acid exhibits a Reactive Oxygen Species (ROS) 

killing effect because of its natural antioxidative property. 

Regeneration of other antioxidants such as Vitamin C, E, and 

glutathione as well as chelation of transition metals are 

shown by the combined use of -Lipoic acid and 

dihydrolipoic. Furthermore, an 18–20% increase in insulin 

sensitivity has been shown in T2DM individuals when given -

Lipoic acid  Soy has the most iso�avones which are a [47].

class of phytoestrogens, in comparison to any other plant. 

Phytoestrogens and estradiol are structurally similar and 

thus both of them exhibit similar effects. A lot of attention 

has been given to soy and phytoestrogen thanks to its recent 

health bene�ts  . Soy and phytoestrogens have been shown 

to effectively improve glucose uptake and lower adipose 

tissue in recent animal studies. However, when it comes to 

studies on humans, there's no clear evidence that supports 

this statement  Dietary �bers consist of a mixture [48].

obtained naturally from food sources, a by-product from 

processed grains, and even commercial supplements. 

Complex carbs such as polysaccharides, oligosaccharides, 

and nonedible compounds such as lignin, and associated 

plant substances are found in �ber. According to numerous 

studies, the general requirement of �ber is not being ful�lled 

by the US population. Some observational studies also 

conclude that there's an inverse relationship between 

dietary �ber and CVDs. Such �bers which are found from 

sources such as whole grain and cereals have a 

cardioprotective role  Fiber with different types has [49]

been used for the management and treatment of MetS as a 

complementary or alternative food. It is found to have a 

reverse relation with weight. Dietary �ber (soluble) has a 

thick and gel-like property which is linked with increased 

insulin sensitivity and lower glucose level in T2DM patients 

after eating. But soluble dietary �ber intake did not lower the 

risk of T2DM. In comparison, the consumption of insoluble 

�bers demonstrated the strongest relations with decreased 

risk of diabetes. In terms of insoluble �ber, this glucose-

lowering effect was minimal. With the cereal dietary �ber 

increased consumption, it drastically reduced diabetes risk. 

A 21% reduced diabetes risk is assumed if there are 2 

servings of whole grains per day, as concluded by 6 

prospective studies  Studies have also shown that [50]

interventions that rises physical activity levels and improve 

aerobic �tness cause a decrease in MetS risk. In a 

randomized clinical trial, combined resistance and aerobic 

exercise effectively lessened metabolic syndrome . [51]
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Doing yoga regularly has been shown to reduce waist 

circumference and systolic blood pressure in individuals 

with metabolic syndrome who are not using a conventional 

form of exercise [52].

Metabolic Syndrome is a multifactorial disorder often 

confused with other disorders and diseases. With the 

criteria set for a case to be de�ned as MetS, a rise in several 

cases has been started to be reported worldwide. However, 

a developing country like Pakistan still needs to consider 

these criteria and report cases to know the prevalence of 

MetS in the country. Likely, extensive studies have been 

conducted to support the positive outcomes of nutritional 

management in MetS. A well-balanced diet and regular 

physical  activity  can be incorporated to prevent 

consequences associated with metabolic syndrome.

C O N C L U S I O N

Kaur, J.J.C.r. and practice, A comprehensive review 

on metabolic syndrome. 2014. 2014.

Eckel, R.H., et al., The metabolic syndrome. 2010. 

375(9710): p. 181-183.

Weiss, R., A.A. Bremer, and R.H.J.A.o.t.N.Y.A.o.S. 

Lustig, What is metabolic syndrome, and why are 

children getting it? 2013. 1281(1): p. 123.

El-Serag, H.B., T. Tran, and J.E.J.G. Everhart, 

Diabetes increases the risk of chronic liver disease 

and hepatocellular carcinoma. 2004. 126(2): p. 460-

468.

Mottillo, S., et al., The metabolic syndrome and 

cardiovascular risk: a systematic review and meta-

analysis. 2010. 56(14): p. 1113-1132.

Ali, N.S., A.K. Khuwaja, and K.J.I.j.o.f.m. Nanji, 

Retrospective analysis of metabolic syndrome: 

Prevalence and distribution in executive population 

in urban Pakistan. 2012. 2012.

Desai, M., J. Jellyman, and M.J.I.j.o.o. Ross, 

Epigenomics, gestational programming and risk of 

metabolic syndrome. 2015. 39(4): p. 633-641.

DeBoer, M.D., et al., Early childhood growth failure 

and the developmental origins of adult disease: do 

enteric infections and malnutrition increase risk for 

the metabolic syndrome? 2012. 70(11): p. 642-653.

A l v i s i ,  P . ,  e t  a l . ,  R e c o m m e n d a t i o n s  o n 

complementary feeding for healthy, full-term 

infants. 2015. 41(1): p. 1-9.

Ervin, R.B., Prevalence of Metabolic Syndrome 

Among Adults 20 years of age and over, by sex, age, 

race and ethnicity, and body mass index; United 

States, 2003-2006. 2009.

Wang HH, Lee DK, Liu M, Portincasa P, Wang DQ. 

R E F E R E N C E S

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]



N ove l  i n s i g h t s  i n to  t h e  p a t h o g e n e s i s  a n d 

management of the metabolic syndrome. Pediatric 

Gastroenterology, Hepatology & Nutrition. 2020 

May;23(3):189.

Crasto W, Patel V, Davies MJ, Khunti K. Prevention of 

M i c r ova s c u l a r  C o m p l i c a t i o n s  o f  D i a b e te s . 

Endocrinology and Metabolism Clinics. 2021 Sep 

1;50(3):431-55.

Devaraj S, Singh U, Jialal I. Human C-reactive protein 

and the metabolic syndrome. Current opinion in 

lipidology. 2009 Jun;20(3):182.

Alberti, K.G., et al., Harmonizing the metabolic 

syndrome: a joint interim statement of the 

international diabetes federation task force on 

epidemiology and prevention; national heart, lung, 

and blood institute; American heart association; 

world heart federation; international atherosclerosis 

society; and international association for the study of 

obesity. 2009. 120(16): p. 1640-1645.

Antonini-Canterin, F., et al., Association Between 

Carotid Atherosclerosis and Metabolic Syndrome: 

Results From the ISMIR Study. 2010. 61(5): p. 443-448.

Momiyama, Y., et al., In�ammation, Atherosclerosis 

and Coronar y Arter y Disease. 2014. 8s3: p. 

CMC.S39423.

Martínez-González, M.A., et al., Bene�ts of the 

Mediterranean Diet: Insights From the PREDIMED 

Study. Progress in Cardiovascular Diseases, 2015. 

58(1): p. 50-60.

Kastorini, C.-M., et al., The Effect of Mediterranean 

Diet on Metabolic Syndrome and its Components. 

2011. 57(11): p. 1299-1313.

Abete I, Astrup A, Martínez JA, Thorsdottir I, Zulet MA. 

Obesity and the metabolic syndrome: role of 

different dietary macronutrient distribution patterns 

and speci�c nutritional components on weight loss 

and maintenance. Nutrition reviews. 2010 Apr 

1;68(4):214-31.

Sacks, F.M., et al., Comparison of weight-loss diets 

with different compositions of fat, protein, and 

carbohydrates. 2009. 360(9): p. 859-873.

Castro-Barquero S, Ruiz-León AM, Sierra-Pérez M, 

Estruch R, Casas R. Dietary strategies for metabolic 

syndrome: a comprehensive review. Nutrients. 2020 

Oct;12(10):2983.

Petersen, M., et al., Randomized, multi-center trial of 

two hypo-energetic diets in obese subjects: high-

versus low-fat content. 2006. 30(3): p. 552-560.

Lejeune, M.P., et al., Ghrelin and glucagon-like 

peptide 1 concentrations, 24-h satiety, and energy 

and substrate metabolism during a high-protein diet 

and measured in a respiration chamber. 2006. 83(1): 

PBMJ VOL.4 Issue 1 Jan-Jun 2021

p. 89-94.

Psota, T. and D. Layman, A Moderate-Protein Diet 

Produces Sustained Weight Loss and Long-Term 

Changes in Body Composition and Blood Lipid. 2008.

Hyde PN, Sapper TN, Crabtree CD, LaFountain RA, 

Bowling ML, Buga A, Fell B, McSwiney FT, Dickerson 

RM, Miller VJ, Scandling D. Dietary carbohydrate 

r e s t r i c t i o n  i m p r ove s  m e t a b o l i c  sy n d r o m e 

independent of weight loss. JCI insight. 2019 Jun 

20;4(12).

Layman, D.K.J.J.o.t.A.C.o.N., Protein quantity and 

quality at levels above the RDA improves adult weight 

loss. 2004. 23(sup6): p. 631S-636S.

Pascual, R.W., et al., Diet Quality and Micronutrient 

Intake among Long-Term Weight Loss Maintainers. 

Nutrients, 2019. 11(12).

Astrup, A. and S.J.I.j.o.o. Bügel, Overfed but 

u n d e r n o u r i s h e d :  r e c o g n i z i n g  n u t r i t i o n a l 

inadequacies/de�ciencies in  patients with 

overweight or obesity. 2019. 43(2): p. 219-232.

Steele, E.M., et al., The share of ultra-processed 

foods and the overall nutritional quality of diets in the 

US: evidence from a nationally representative cross-

sectional study. 2017. 15(1): p. 1-11.

Kaidar-Person, O., et al., Nutritional de�ciencies in 

morbidly obese patients: a new form of malnutrition? 

2008. 18(7): p. 870-876.

Goncalves,  A.  and M.-J. Amiot,  Fat-soluble 

micronutrients and metabolic syndrome. Current 

opinion in clinical nutrition and metabolic care, 2017. 

20(6): p. 492-497.

K h o s r a v i - B o r o u j e n i ,  H . ,  F.  A h m e d,  a n d  N . 

Sarrafzadegan, Is the Association between Vitamin D 

and Metabolic Syndrome Independent of Other 

Micronutrients? 2015. 85(5-6): p. 245-260.

Davì, G., F. Santilli, and C. Patrono, Nutraceuticals in 

Diabetes and Metabolic Syndrome. 2010. 28(4): p. 

216-226.

Luo H, Li L, Li T, Liao X, Wang Q. Association between 

metabolic syndrome and body constitution of 

traditional Chinese medicine: a systematic review 

and meta-analysis. Journal of Traditional Chinese 

Medical Sciences. 2020 Dec 1;7(4):355-65.

Jang, S., et al., Herbal medicines for treating 

metabolic syndrome: a systematic review of 

randomized controlled trials. 2016. 2016.

Franzini, L., et al., Dietary antioxidants and glucose 

metabolism. 2008. 11(4): p. 471-476.

Wong SK, Chin KY, Ima-Nirwana S. Vitamin C: a review 

on its role in the management of metabolic 

syndrome. International journal of medical sciences. 

2020;17(11):1625.

[1]

[24]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]



García-García FJ, Monistrol-Mula A, Cardellach F, 

Garrabou G. Nutrition, bioenergetics, and metabolic 

syndrome. Nutrients. 2020 Sep;12(9):2785.

Kris-Etherton, P.M., et al., Antioxidant vitamin 

supplements and cardiovascular disease. 2004. 

110(5): p. 637-641.

Goncalves A, Amiot MJ. Fat-soluble micronutrients 

and metabolic syndrome. Current opinion in clinical 

nutrition and metabolic care. 2017 Nov;20(6):492.

Godala M, Materek-Kuśmierkiewicz I, Moczulski D, 

Rutkowski M, Szatko F, Gaszyńska E, Tokarski S, 

Kowalski J. The risk of plasma vitamin A, C, E and D 

de�ciency in patients with metabolic syndrome: a 

case-control study. Advances in Clinical and 

Experimental Medicine. 2017;26(4):581-6.

Albracht-Schulte K, Kalupahana NS, Ramalingam L, 

Wang S, Rahman SM, Robert-McComb J, Moustaid-

Moussa N. Omega-3 fatty acids in obesity and 

metabolic syndrome: a mechanistic update. The 

Journal of nutritional biochemistry. 2018 Aug 1;58:1-

6.

Yamagata K. Metabolic Syndrome: Preventive 

Effects of Dietary Flavonoids. Studies in Natural 

Products Chemistry. 2019 Jan 1;60:1-28.

Finicelli M, Squillaro T, Di Cristo F, Di Salle A, Melone 

MA, Galderisi U, Peluso G. Metabolic syndrome, 

Mediterranean diet, and polyphenols: Evidence and 

perspectives. Journal of Cellular Physiology. 2019 

May;234(5):5807-26.

Panchal SK, Wanyonyi S, Brown L. Selenium, 

vanadium, and chromium as micronutrients to 

improve metabolic syndrome. Current hypertension 

reports. 2017 Mar 1;19(3):10.

Piuri G, Zocchi M, Della Porta M, Ficara V, Manoni M, 

Zuccotti GV, Pinotti L, Maier JA, Cazzola R. 

Magnesium in obesity, metabolic syndrome, and Type 

2 diabetes. Nutrients. 2021 Feb;13(2):320.

Ghelani H, Razmovski‐Naumovski V, Nammi S. 

Chronic treatment of (R)‐ ‐lipoic acid reduces blood 

glucose and lipid levels in high‐fat diet and low‐dose 

streptozotocin‐induced metabolic syndrome and 

t y p e  2  d i a b e t e s  i n  S p r a g u e‐D a w l e y  r a t s . 

Pharmacology research & perspectives. 2017 

Jun;5(3):e00306.

Yamagata K, Yamori Y. Potential Effects of Soy 

Iso�avones on the Prevention of Metabolic 

Syndrome. Molecules. 2021 Jan;26(19):5863.

Papathanasopoulos, A. and M.J.G. Camilleri, Dietary 

�ber supplements: effects in obesity and metabolic 

syndrome and relationship to gastrointestinal 

functions. 2010. 138(1): p. 65-72. e2.

Chen JP, Chen GC, Wang XP, Qin L, Bai Y. Dietary �ber 

PBMJ VOL.4 Issue 1 Jan-Jun 2021

and metabolic syndrome: a meta-analysis and review 

of related mechanisms. Nutrients. 2018 Jan;10(1):24.

Dieli-Conwright, C.M., et al., Effects of Aerobic and 

Resistance Exercise on Metabolic Syndrome, 

Sarcopenic Obesity, and Circulating Biomarkers in 

Overweight or Obese Survivors of Breast Cancer: A 

Randomized Controlled Trial. Journal of clinical 

oncology : o�cial journal of the American Society of 

Clinical Oncology, 2018. 36(9): p. 875-883.

Cramer, H., et al., Yoga for metabolic syndrome: A 

systematic review and meta-analysis. European 

Journal of Preventive Cardiology, 2020. 23(18): p. 

1982-1993

[38]

[51]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[52]


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

