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Review Article
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Metabolic syndrome is associated with increasddaisoronary heart disease and type 2 diabetesappears
to be widely prevalent in both developed and deuelp countries. While lifestyle modification is
recommended for management of the syndrome, thargipattern most beneficial for patients is yetb®
ascertained. Original research papers from thelivedatabase were examined for dietary patterasrtiay
be associated with the syndrome. Three large-saildemiological studies were found fitting our erig.
Dietary patterns high in fruit and vegetable cohteere generally found to be associated with loprevalence
of metabolic syndrome. Diet patterns with high mieséake were frequently associated with componeiits
metabolic syndrome, particularly impaired glucaslerance. High dairy intake was generally assediatith
reduced risk for components of metabolic syndrorite some inconsistency in the literature regardisg of
obesity. Minimally processed cereals appearedet@dsociated with decreased risk of metabolic syndr
while highly processed cereals with high glycaemitex are associated with higher risk. Fried foadse
noticeably absent from any dietary pattern assediatith decreased prevalence of metabolic syndrdine.
conclusion of this review is that no individual @iy component could be considered wholly respdaditr
the association of diet with metabolic syndromethBait is the overall quality of the diet that &pps to offer
protection against lifestyle disease such as métabgndrome. Further research is required intoditions,
such as overweight and obesity, which may influetiee effect of diet on the development of metabolic
syndrome.

Key Words: metabolic syndrome, X syndrome, literature, review, diet, diet quality, dietary patterns

Introduction
The metabolic syndrome describes a cluster of absmormf core components of metabolic syndrome, therebeas
lities which are associated with increased riskdete- little research published in Australia on prevakené the
loping coronary heart disease (CHD). Core companeht syndrome. In the United States, the NHANES Il gtud
the metabolic syndrome include: insulin resistartigpe 2 estimated that almost 24% of American adults haveta-
diabetes or impaired glucose tolerance, hypertenslgs- bolic syndromé. This figure increased to 43.5% among
lipidaemia and central obesity. Coronary heareatie is those aged 60 to 69 years. These statistics legics im-
the leading cause of death in Australia, accounfimy plications for Australian health professionals. Thenber
19.5% of all deaths in 2002. The major physiological and of Australians with metabolic syndrome is likelyhie of a
behavioural risk factors for CHD include high bloodimilar magnitude, and given our similar risk piefand
pressure, high blood cholesterol, diabetes, ovegtweand ageing population, individuals at risk of CHD wiilicrease
obesity, tobacco smoking, poor nutrition and phaisia-  significantly within the next decade.
activity.2 CHD risk factors are widespread in the Austra- The rate of death attributed to CHD in Aus&rdlas de-
lian population as highlighted in a report from thereased by around 70% since the 1980’8nprovement in
Australian Diabetes, Obesity and Lifestyle Study @U lifestyle risk-factors are at least partly respbtssifor this
DIAB).® This study found that nearly one in four Austrareduction® In support of this conclusion, dietary and exer-
lian adults suffer from diabetes or impaired glecasle- cise therapies have been shown to significantlycedhe
rance. Chronic high blood pressure, known to iaseethe progression of chronic diseases such as TH type 2
risk of CHD by two to four times, affects 28% ofeth diabete$.
Australian population over the age of 25. An eat&d
50% of the adult population have high blood chelest
and approximately 60% of the adult population &sslfied Correspondence address: Amanda Baxter, B.App.Sc(Hons),
as being overweight or obese. All of these risdes were Queensland Institute of Meg:lical Research, 300 HeRtmad,
found to increase with ageand as the number of risk?efSton QLD 4029, Australia.

. . el: 07 3845 3573 ; Fax: 07 3362 0101
factors increaseso too does the risk of CHD. Although  g/5il- amandaB@gimr.edu.au
there is now comprehensive data regarding the [@ev@  Accepted 20th September 2005
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There are no clear recommendations regarding dietarwble 1. The four dietary patterns identified in the Isle
guidelines for the prevention of metabolic syndrome Ely study

persons at risk. The aim of this paper is to reviewent
research related to dietary factors that may becased Diet 1 Diet 2 Diet 3 Diet 4
with the metabolic syndrome.

Commonly  Fruit Cakes Chocolate Eggs
M aterials and methods consumed S_alad Sweets SV\_/eets Fried
A . . . foods Fish (not  Root Crisps food
Th|s paper rgweweq large cross—sclacyonal stud|§$ an fried) vegetables Cheese  Sausages
intervention trials which found associations betwelge- Other veges Biscuits Soft Cheese
tary factors and the metabolic syndrome. Both pFosp Poultry Puddings/  drinks Fried
tive and cross-sectional studies were includedctmant Green pies Fruit fish
for the often extensive timeframe involved in thevet vegetables  Pulses Nuts
. ‘ ) Pasta/rice  Green Other
lopment of this syndrome. This review focused ecent Ice cream  vegetables vegetables
publications in peer-reviewed sources includingjais, Chocolate
clinical textbooks and professional websites. Théhme Cheese
dology involved a sea}rch of the_ available databglses Imegularly  Fried food  Nil Root Biscuits
clud|_ng Cochrane Rewews,. Medline, and t.he Aqal;laia consumed  Sausages vegetablesCakes
Medical Index (AMI) for topical keywords, including foods Fried fish Green Ice
Potatoes vegetables cream
1. (metabolic syndrome) or (insulin resist syndrpme g?kes Eoz"toes .
1496 entries found rsps th errnea
2. (diet pattern) or (food pattern) — 1046 entfasd vegetables

Altogether, five articles were found on dietary tpats
and the metabolic syndrome, three of which weraisbb
epidemiologic studies based on large populatiohs, t
other two (excluded) looked at specific populatiafs
small sample sizeN(<1000).

inverse association with impaired glucose toleraacd
increased plasma non-esterified fatty acids. [CBedsd 4
showed no significant associations with metabolin-s
drome. Overall, the Isle of Ely Study suggest #wting
Description of studies patterns characterised by high intake of fruit, ataples
Two studies, the Isle of Elyand the Malmé Diet and @nd whole cereals, and low intake of fried foodsezped
Cancer Projeft examined the relationship between die-10 be associated with lower risk of metabolic symoe
tary patterns and prevalence of metabolic syndroome- ~ COmponents. Bread and milk were not specificalgnm
ponents in a population-based cross-sectionaysfite  tioned as part of a dietary pattern.

CARDIA study’ looked at food groups and nutrients asso-

ciated with incidence of the syndrome in a 10-yearThe Malmd Diet and Cancer Study, Wirfalt et &.

prospective study. The Malmé Diet and Cancer Stddgxamined asso-
ciations between dietary patterns and cancer ardioca
The Isle of Ely Study, Williams et dl. vascular disease in a Swedish population. Data fao

The Isle of Ely studywas a population-based study of sample K = 1122) of men and women aged between 45
type 2 diabetes and metabolic disorders in menvemd and 68 years were analysed for associations betdieen
men from the Isle of Ely in the United Kingdom. Re- and components of the metabolic syndrdnihe dietary
searchers drew on this cohort to investigate the repatterns isolated in the Malmo study differed digantly
lationship between dietary patterns and comporafriitee ~ from that of the Isle of Ely study, possibly duectdtural
metabolic syndrome in 802 adults aged 40 to 65syear differences in diet, but also due to study desgjr.die-
The study used principal component analysis (PCA) tdary patterns were identified based on highest gntam
isolate four dietary patterns from food frequenayeq of energy intake from food groups, unlike the poes
stionnaire data, and related these patterns tarf=atof Isle of Ely study which was based on frequency of-co
the metabolic syndrome. Four diet patterns weriveld  sumption. Differences in dietary patterns are etgibas
through calculation of factor loadings for variamafefre-  those food groups that contribute a high proportidn
guency for each food item in comparison to the iaing  energy to the diet would not need to be eaten &edyto
items. Table 1 shows the foods consumed, commomly arrank highly in this analysis (e.g a high energy adiate
regularly as part of the four dietary patterns. bar compared to low energy piece of broccoli).

Both diets 1 and 2 demonstrated an inversecagion The relationship between dietary patterns aooh-
with separate components of the metabolic syndromeonents of the metabolic syndrome differed sigaifity
After adjustment for age, those with a higher sdore between men and women. The “Many foods and drinks”
diet 1 had a lower risk for increased waist-hipiorat pattern with moderate energy intake from cheesefaind
(WHR), impaired glucose tolerance, increased plasima meat, was associated with an increased risk of rhype
glycerides and type 2 diabetes, and lower riskder glycaemia and central obesity in men. Men who estor
creased HDL-cholesterol. A tertile increase irding for  highly for this dietary pattern had an odds ratR] of
diet 1 was associated with a 28% reduction in isleaf  1.64 (95%CI 1.24, 2.17) for hyperglycaemia while
type 2 diabetes, a relationship which persistedrafon- women showed no significant association. The ‘&ibr
trolling for age, sex, BMI and smoking. Diet 2 heml bread” dietary pattern with high energy intake frobme-
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rich bread and fat meat was associated with a dsede

Results

risk of central obesity in men (OR 0.61, 95%CIl .42 The associations of dietary patterns with the mdi@mbo

0.89). For women, the “White bread” dietary patteras
associated with increased risk of hyperinsulinaerf@R
1.39, 95%CI 1.02, 1.89) while the “Milk fat” dietar
pattern was associated with reduced risk of hypalin-
aemia (OR 0.58, 95%CI 0.40, 0.84). All relatiopshi
remained significant after controlling for physieattivity
and smoking, and other dietary factors such ashalco
total fat and fibre intake, fatty acid ratios, folacid,
magnesium and antioxidants.

The CARDIA study, Pereira et &l

syndrome found in these three epidemiological swidre
summarised in Table 2. Dietary patterns high iit frad
vegetables were generally associated with reduced p
valence of metabolic syndrome and its componeDists
with a high intake of dairy foods had mixed resulis
the Isle of Ely study, none of the dietary patteasso-
ciated with lower risk of metabolic syndrome comeois
appeared to have a high dairy content. Howevethén
Malmé and the CARDIA studies, dietary patterns with
high dairy food content demonstrated a significart-
tective effect.

Pereiraet al.,’ investigated associations between food Associations between dietary patterns witthhigeat
groups and the metabolic syndrome as part of thé-mu intake and metabolic syndrome were inconclusiveetbas

centre CARDIA project in the United States. Unlitke

on the Isle of Ely study. In the Malmé study, fatah

Isle of Ely and Malmé studies, this was a prospectiv contributed significantly to the energy intake aétdry

study and involved a much younger cohort (18-30s)ea
Analysis of the CARDIA cohort did not identify daety
patterns, rather it evaluated food groups and enisiin
relation to incidence of the metabolic syndrome &ad
components.

A strong inverse association was found betwasn
sumption of dairy foods and the risk of metabolm-s
drome, particularly in overweight subjects. Afteon-
trolling for demographic features, non-dietary difde

patterns associated with hyperglycaemia and hyper-
insulinemia but showed an inverse association wh-
tral obesity. In the CARDIA study, high intake mtein
from animal sources was associated with increaseid i
dence of metabolic syndrome.

Only the Isle of Ely study mentioned the effe€ta
diet high in fish, finding a protective effect. i€éa foods
were noticeably absent from any protective dietary
patterns. Cereals, like meat, belonged to digtatterns

factors and common dairy components such as seturatwhich had both a positive and negative associatiith

fat, magnesium, calcium and vitamin D, the OR fatan
bolic syndrome in overweight individuals decreassd
69% for those in the highest quintile for dairy aike
compared to those in the lowest quintile. Amongsth
who were not overweight, the OR for metabolic sypnaie
decreased by 28% for those in the highest quictie-
pared to the lowest. Similar relationships wenenfb for
both low-fat and high-fat dairy products.

A significant relationship was also found fdietary
patterns with high intake of dietary fibre and piot
Fibre intake significantly reduced the risk of niihc
syndrome; for each 3g/1000 kcal increase in fibtakie

metabolic syndrome. The type of cereal and degfee
processing appeared to be significant factors.

Discussion

One of the difficulties in comparing studies of tmeta-

bolic syndrome is the criteria for diagnosis. Thed@/
standard of diagnosis called for a minimum of threm-

ponents of the syndrome which is also the critasied in
the most recent NHANES study. The CARDIA study
considered individuals to have metabolic syndrorhemw
two or more of the core components are presene 13l

of Ely and the Malmd studies did not use a standefd

the OR decreased by 34%. Dietary protein, howevemition of metabolic syndrome, but rather looked dsso-

appeared to increase the risk of metabolic syndnaitie

ciations with core componenté. Therefore the extent of

a 12% increase in OR for each 1% caloric increase ithe protective effect is unclear for those diagdobg

protein. This relationship was only significant footein
from animal sources, no association was found fantp
proteins.

WHO criteria.

Table2. Summary of associations between dietary factedsnaetabolic syndrome/components of metabolic ymer

Diets high in: Isle of Ely,Williamet al., (2000f Malmo, Wirfaltet al., (2001§ CARDIA, Pereiraet al., (2002
Fruit -ve association no association -ve associatiibre only)
Vegetables Strong -ve association -ve association ve association (fibre only)
Dairy -ve association +ve & -ve associations Stromgassociation
Cereals
Wholegrain  -ve association -ve association -ve associatiolfibre & plant protein)
Refined +ve & -ve association +ve association not mentioned
Meat +ve & -ve associations +ve & -ve associations +ve association
Fish -ve association Not mentioned Not mentioned

Fried food +ve association

Not mentioned

Not meratb
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The association of metabolic syndrome and dietarpnly). While vegetables were not mentioned in the

patterns high in fruit, vegetables and fish, and ilo fried
foods were consistent both between the three stiakia-
mined and the existing literatuté!* These components
are well recognized as part of a healthy diet datet
with low incidence of CHD and its risk factdrs®*  The
three studies examin&dshow conflicting effects of dairy
foods, meat and cereals on CHD risk factors tteatam-
ponents of metabolic syndrome. Only those categaf
food groups that show conflicting results or whiehture
prominently in the three studies reviewed will bis-d
cussed.

Fruit

Fruit did not appear to play a major role in theiewed
papers other than the Isle of Ely Study. In thislgtiDiet
1 was characterized by frequent consumption of &nd
associated with reduced risk for components of butiz

CARDIA Study, they are known as good source ofefibr
which this study found to have a strong negativeeta-
tion with metabolic syndrome.

Many components of fruit and vegetables cbota to
the beneficial nature of these foods, however sriat
volving individual vitamins, minerals and antioxitda
frequently have been unable to replicate the sdiee-e
tiveness as the whole fodd. This is likely due to com-
plex interactions between many different nutrieatsl
phytochemicals found in fruit and vegetabl®s.

Dairy

Recent epidemiologic and intervention studies appea
support the findings of the CARDIA study that food
patterns characterised by frequent intake of dipds
can reduce the prevalence of metabolic syndrometand
components in those most at risk, including therove

syndromée. The only diet pattern in the Malmo Study weighf, hypertensivéé and hypercholesterolemit.

with high energy intake from fruit did not have amyso-
ciation with risk of metabolic syndronie. However a
large body of literature exists attesting to theddis of
fruit and vegetable consumption on risk for compuse
of metabolic syndrom&:*®

Recently a comprehensive review found that fand
vegetables made a significant contribution to théneal
diet for prevention of heart dised$e.This review
supports the findings of a randomized interventioal

These findings are in contrast to a popular bekeft t
dairy foods, commonly high in dietary cholesteratura-
ted fat and protein, actively contribute to the @lepment
of CHD risk factors?

In a 1992 intervention trial by Buonopane, afdl,
Smith and McCarthy, one quart (0.95litres) of skimik
was added to the daily diet of hypercholesteroleamd
normocholesterolaemic subjeéls. After four weeks, a
6.6% reduction in serum cholesterol was seen in the

which examined secondary prevention of CVD in an In subjects with high cholesterol at baseline. No geamnas
dian populatiort®> Researchers found that cardiac pa-found in subjects with normal levels of cholestesol

tients who followed a low-fat diet, with increasédit

baseline. Significant reductions in both diastofiad

and vegetables (Group A) suffered less cardiovascul systolic blood pressure were reported in bothgestips.
deaths and deaths due to other causes than patiemtataet al.,*’” found similar results after supplementing the

(Group B) on a low-fat only diet (RR 0.59; 95%CH#®,

diet of elderly hypertensive subjects with 95mlaofer-

0.74)!* Group A also showed a significant reduction inmented milk product daily. After eight weeks, s¥isto

body weight, waist/hip ratio and glucose intoleaiadter
six months of follow-upg?

While many studies do not separate the hedfttts
of fruits and vegetables, it is possible to revibe effects

blood pressure had decreased by a mean of 9.4 mmHg
and diastolic by 6.9 mmHg in the experimental gtbup

In a recent review of the effects of milk puots on
cardiovascular disease risk factors, Pfeuffer anldreés

of biochemical components more commonly found inzenmeit® concluded that calcium, bioactive pep-tides,

fruit. Results from a trial testing the effect oftiaxidants

conjugated linoleic acid and as yet unidentifiedneo

on insulin secretion in rodents has found that @nth ponents of milk may protect against hypertensiod an

cyanins from cherries and berries increase the 'bquip-

hyperlipidaemia. In addition, dairy products withacac-

duction of insulim* Researchers hypothesize these comteristically high calcium content are proposed &weéha

ponents may have a role in prevention of type Deties
and insulin resistance in humafs.

Vegetables

Both dietary patterns associated with lower pravedeof
metabolic syndrome in the Isle of Ely study (Dietarid
2) were characterized by frequent consumption &fdsa
and/or green vegetablés.Potatoes and fried foods (in-
cluding fried vegetables eg.crisps) were eithegimarly
consumed or not reported as being consumed at pk

role on reducing risk of obesity. Zemelet al.,*° reported
an inverse relationship between calcium consumgiuh
obesity from data collected in the NHANES IIl. Rle
risk of being in the top quartile for body fat deased
from 1.00 for the lowest quartile of calcium intake0.75
for the second quartile, 0.40 for the third and6tidr the
highest quartilé®

Other studies appear to contradict these rgsli For
example the FINRISK studi#found that high milk in-
take was positively associated with obesity in nagal

of these dietd. Results from the Malmo Study were lesswomen aged 25-64 years. This association remaioed ¢

consistent with those scoring highly for the “wHhitead”
diet (no vegetables) at higher risk of hyperinsadimia
(women) and dyslipidaemia (women and nfenyet of
the two diets where vegetables contributed a welbti
high proportion of energy (the “low-fat high-fibre”
(LFHF) and the “fibre bread” diets) only the LFHFedi
was associated with reduced risk of central obdsityn

stant over the study’s 15-year period. A 1996 Hieaz
study”? found a similar association in a similarly aged
cohort. Three dietary patterns were identified digto
factor loading. The only dietary pattern to showueed
risk of obesity (13% reduction in men and 14% reiduc
in women) was the traditional diet which had a lowe
loading for butter and milk and higher loaglfor rice
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Table 3. Summary of studies showing an association betwegéy groducts and components of the metat

svndrome

Study Dietary variables

Findings

Diets showing negative associations with componefisetabolic syndrome

CARDIA%t Milk and dairy foods (low-fat Reduced risk of metabolic syndrome associated vigtts ¢high in

and regular)
Isle of Elyt Milk, cheese
Buonopan § Skim milk
Zemeletal ®® t Calcium from all sources
Hataet al.'’ § Fermented milk

Diets showing positive and negative associations

Malma®t Cheese, high milk-fat
margarine

Diets showing positive association

Finrisiét Milk and sour milk
Sichierf?t Milk & butter

dairy.

No significant loading for milk imetary patterns described in the
study; cheese was frequently consumed in diet &gsdowith
improved glucose tolerance and plasma non-estifitty acids

Additional skim milk consumption asso@dtwith lower plasma
cholesterol in hypercholesterolemics and lower dlpgessure.

High calcium intake afsted with decreased risk of obesity

Consumption of yoghurt-like produss@ciated with decreased
blood pressure in hypertensives.

Diet with high intake of cheese associated witléased risk of
hyperglycaemia in men and reduced hyperinsulinaégmiomen

Products associated with irased risk of obesity
Diets high in milk and butter assated with higher risk of obesity

T Cross-sectional study; Prospective study; &reintion study

and bean& Table 3 summarises the evidence for bothof minimally processed cereal foods as part of edady
negative and positive associations of dairy proglectd  pattern associated with lower risk of diabetes iasdlin

components of metabolic syndrome.

resistancé?22°>? hypertensiof/, high plasma chole-

The evidence for dietary patterns with higlirdin-  sterof® and obesity?®

take as protective against metabolic syndrome mesriak An intervention trial conducted by researshat the
conclusive, although research to-date appears pnogni  University of Minnesota found that substituting diso
Factors such as type of dairy product, fat and raine made with wholemeal flour and whole grains for thos
content may influence the properties of the food @8  made with white flour, significantly improved ingul
association with metabolic syndrome. An additionalsensitivity in overweight hyperinsulinemics withiix
factor is the known genetic variation in certaircestral  weeks®® The whole-grain diet was found to be sub-
groups (eg. African Americans and East Asians) imstantially higher in fibre (soluble and insolublgptassi-
pacting on an individual’s ability to digest andsatb  um, magnesium and antioxidants (vitamins A and &), b
components of dairy produd®® Therefore ancestry lower in sodium, starch and energy (K9).

may be a further confounding factor in the relagtup The Framingham Offspring Stufly a large longi-
between dairy intake and risk of metabolic syndrome  tudinal study of cardiovascular disease and itsfestors,

Cereals

found that dietary patterns with a high intake dfole-
grain cereals were associated with decreased fi€®

Our three review articléS demonstrated that dietary risk factors. After adjustment for known CHD risdcfors
patterns characterised by high intake of cereathas and intake of other food groups, associations fbples
foods may have a negative or positive associatith W grains remained significant for reduced waist-hégior
metabolic syndrome, depending on type of cereal angyHR), LDL-cholesterol and fasting insulffi. The
degree of processing (Table 4). Cereals, includins  associations were most pronounced among overweight

(eg. wheat, oats, corn and rice), nuts and pubsgspeas, subjects. No significant associations were fourndctm-
beans and lentils) are criticised in some popul@s® sumption of refined-grain foods.

sources due their high carbohydrate content. Ysdanieh Results of epidemiologic and intervention g&ad

shows that dietary patterns characterised by copsom  syggest an important role for minimally processexals

of minimally processed cereals and higher dietdoyef  as part of a dietary pattern for those at increaisdof
reduces glycaemic and insulinaemic responses, angetabolic syndrome. Processed cereals, in contrast,
lowers the risk of type 2 diabetes and other CHEX ri gppear to be associated with an increased riskoof- c
factors®® A large body of research now supports the roleponents of the metabolic syndrome (Table 4).
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Table 4. Summary of studies which examined associatiohsd®n cereabased foods and components of
metabolic syndrome.

Study Dietary variables Findings

Diets showing negative associations with componehisetabolic syndrome

Isle of Elyet al.”t Pasta/rice, pulses Associated with lower riskesftral obesity, glucose intolerance, high
plasma triglycerides and higher levels of HDL clstdeol. Lower risk
of diabetes.
CARDIA® £ Fibre (all sources) Diets high in fibre signéfitly decreased risk of metabolic syndrome.
Pereiraet al®°§ Wholemeal flour and When refined grains were replaced with whole-gfaod, insulin
wholegrain foods sensitivity increased in overweight hyperinsulingem
McKeownet al.?® Wholegrain foods Whole grain intake associatéd lewer WHR, LDL-cholesterol and

fasting insulin (p<0.05).

Diet showing positive and negative associations

Malmd®t Fibre-rich bread, white High energy intake from fibre-rich bread associatéttt decreased risk
bread of central obesity. High energy intake from whitedd associated with
increased risk of hyperglycaemia in women.

T Cross-sectional study; ¥ Prospective study;t&Wwention study

Meat
In the Malmé studf the “Fibre bread” diet characterized Central obesity is associated with increased risksulin
by high ‘fat’ meat consumption was associated wiéh  resistancé®> A large prospective study by the American
creased risk of central obesity in men. The diewat+ Cancer Society found that likelihood of weight gatrthe
terised by moderate meat consumption were assdciatguaist increased with higher intake of meat and esed
with increased risk of hyperglycaemia in men (Manywith higher intake of vegetablé%.Men and women con-
foods and drinks diet), increased risk of hyperinsu sistently in the highest quintile for meat consuopt
aemia in women\{/hite bread diet) and decreased risk ofwere 46% and 50% respectively more likely to gain
hyperinsulinaemia in women (Milk fat di€t). weight at the waist over a ten-year period tharsehim
However, the Isle of Ely study found that fregti the lowest quintilé® Table 5 shows the positive and ne-
meat consumption did not have a significant loadmy  gative associations of red meat with componentthef
any of the dietary patterdsThese apparently inconsistent metabolic syndrome.
results are unexpected as a significant body cfares
now suggests that a dietary pattern characterigeuigh  Physiologic differentiation
meat content, particularly red meat, is associat#i  One factor that should be considered is whethesiphy
increased rates of CHb*and diabete®’ logic differences can influence the effect of marér die-
The US Health Professionals stifdidentified two tary patterns on the risk of metabolic syndrome. The
dietary patterns, the “prudent” and the “Westerfihe  CARDIA study showed a strong association for dairy
Western diet, characterised by frequent consumption take and reduced risk of metabolic syndrome onlhi
red meat and processed meats, was associated wighmple with BMI>25, with no association found foet
increased risk of fatal CHD. Those in the higheshtje  non-overweight groupThe Diabetes Prevention Program
of the Western diet score had a 2.15 fold highsk ri Group (DPPGY which studied the effect of dietary inter-
(95%CI 1.34, 3.46¥° Similar relationships were found vention on risk of metabolic abnormalities suppdhis
with CHD risk factors. Those in the highest quintif the influential role of excess body fat. Researcheul that
Western diet score were found to have a relatiske of  type 2 diabetes was significantly reduced by 58%h
1.54 for type 2 diabetes. When food patterns vesi@  experimental group undertaking lifestyle chaffg&Vhile
mined independently, processed meat had the ssbngehowing a very significant result, it should beeatbthat
association for risk of diabetes (RR 1.48). the study sample only included those with a BMRéfor
Other research has suggested that the highinteke  over. Two possibilities may explain why particutiie-
of such diets may contribute to insulin resistartteaet  tary patterns are associated with reduced riskegfbolic
al.,* found that lacto-ovo vegetarians had greatetimsu syndrome in the overweight and obese only. The ifirs
sensitivity than meat-eaters with a plasma gluée@sel of  that the metabolic state created by excess adjposiy
4.1 mmol/l compared to 6.9 mmol/l. When body sta& influence the effect of diet and exercise on riskneta-
iron were reduced in meat-eaters via phlebotonsylin-  bolic syndrome. The alternate theory is based mtent
mediated glucose disposal rates improved by approxhypothesis that epigenetic changes as a resuluwi- n
mately 40%6* tional imbalance during important windows of
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Table5. Summary of studies showing associations betwesat and components of the metabolic syndrome

Study Dietary variables Findings

Diets showing negative associations

Isle of Ely+ Meat

No significant loading for red meat in digtpatterns described in the
study; processed meat & sausage were rarely combkimuet associated
with reduced WHR, insulin intolerance, plasma triglfides and increased

HDL-cholesterol
Diets showing both positive and negative associations

Malmo®t Fat meat

Diets high in ‘fat’ meat were associat& increased risk of
hyperglycaemia in men & hyperinsulinaemia in wormeamd decrease risk

of obesity in men and hyperinsulinaemia in women.

Diets showing positive associations

CARDIA%% Animal protein Diets high in protein from animaburces increase risk of metabolic
syndrome

US Health Red and processed meat Diets high in red and processed meats increasedfriS8HD and diabetes

Professiondft

Hua, Stoohs & Haem iron Diets low in haem iron increase insaénsitivity

Facchint* §

American Cancer Meat Diets high in meat increase risk of weighhgati the waist

Society® +
T Cross-sectional study; 1 Prospective studynt&vention study

development may predispose an individual, and pbssi any components of the diet, or the overall dielity
subsequent generations, to chronic disease lati#feiff  offers protection against metabolic syndrome. A ligic
Hence imprinted genes may alter a range of bio®WgiC yiew must be taken of diet quality, as individutad to
processes that have in the past protected agdinshic  ~onsume a mixture of nutrients in a single meahea
disease. Gallou-Kabani and Jurffesuggest that due t0 than isolated nutrients.
the instability of epigenetic changes, they mayree The development of a method of accurately nnéag
versed (to a degree) by environmental stimuli idtlg g jndividual's overall diet quality is a preredtésfor
nutrition later in life. The researchers acknowledhat a  f,rther research regarding the relationship betweiet
great deal more research is required before thpsthesis quality and metabolic syndrome. Further reseasctei
can be accepted. quired into the modifying effect of adiposity orethela-
_ tionship between dietary quality and chronic dise&pe-
Conclusion cific epigenetic patterns must also be identifiedt tmay
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