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Abstract

Objective: This study evaluated the effects of a 12-month dietary modification on indices of inflammation and pro-thrombosis
in adults with metabolic syndrome (MS).
Materials and methods: This longitudinal study involved 252 adults with MS recruited from the Bodija market, Ibadan and its
environs. Participants were placed on 20%, 30% and 50% calories obtained from protein, total fat and carbohydrate respectively
and were followed up monthly for 12 months. Anthropometry and blood pressure were measured using standard methods. Fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high density lipoprotein-cholesterol (HDL-C), fibrinogen,
plasminogen activator inhibitor-1 (PAI-1)], interleukin-6 (IL-6) and interleukin-10 (IL-10) were measured using spectrophotometric methods and ELISA as appropriate. Data was analysed using ANCOVA, Student’s t-test, Mann-Whitney U and Wilcoxon
signed-rank tests. P-values less than 0.05 were considered significant.
Results: After 6 months of dietary modification, there was a significant reduction in waist circumference (WC), while the levels
of HDL-C, fibrinogen and PAI-1 were significantly increased when compared with the corresponding baseline values. However,
WC and fibrinogen reduced significantly, while HDL-C and IL-10 significantly increased after 12 months of dietary modification
as compared with the respective baseline values.
Conclusion: Long-term regular dietary modification may be beneficial in ameliorating inflammation and pro-thrombosis in
metabolic syndrome.
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Introduction
Metabolic syndrome (MS) is a constellation of central
obesity, insulin resistance, hyperglycaemia, hypertension,
dyslipidaemia and other interconnected factors which
increase the risk of cardiovascular diseases (CVDs) and
type 2 diabetes mellitus (T2DM)1,2.
The prevalence of MS continues to rise due to the rapidly growing number of inactive people, obesity, increased
urbanization, industrialization and mechanization3,4. Depending on the country, approximately 1 adult in 4 (25%)
is believed to have MS5. Reports from the United States
African Health Sciences Vol 17 Issue 2, June, 2017

showed that the prevalence of MS among US adults is
about 40%6,7. A similar prevalence (30%) was reported by
Mannuci et al.8 in Italy. However MS, which is attributed
to a positive energy balance, is now prevalent in developing countries where poverty and malnutrition are problems. In Cameroon, Fezeu et al.9 reported a prevalence of
5.9% while Motala et al.10 and Erasmus et al.11 reported
prevalence rates of 26.5% and 60.60 % in Black and Coloured communities of South Africa respectively. Also,
the prevalence of MS appears to be rising among Nigerians.12 In 2010, Adegoke et al.13 reported a prevalence of
12.1% in a rural community in Nigeria while Ghazali and
Sanusi14 and Charles-Davies et al.15 reported a prevalence
of 36.7% and 33.1% respectively among adults living in
Ibadan, a Nigerian city. These reports clearly indicate that
CVDs and T2DM might grow in epidemic proportion in
the nearest future in Nigeria unless, urgent and focused
clinical interventions are made.
Chronic inflammation and pro-thrombosis are important
components of MS and they play significant roles in its
pathophysiology16-20. However, the MS-associated inflammation does not resemble the classical inflammation. It is
considered as an aberrant form of immune response that
is triggered by nutrients, and thus referred to as meta-inflammation or para-inflammation21,22.
Therapeutic lifestyle changes (diet and exercise), pharmacologic therapies and surgery have been recommended
for the management of MS23-25. However, due to challenges faced by the pharmacologic therapies and surgery
especially, in developing countries where poverty and
access to quality healthcare are problems; it becomes
clear that change of lifestyle such as dietary modification
could be a viable therapeutic approach in managing MS.
Roberts et al.26 and Akbaraly et al.27 reported significant
changes in metabolic risk factors in individuals with MS
following short-term and long-term dietary modifications. A preliminary study in our laboratory28 indicated
a positive impact of short term dietary modification on
indices of inflammation, oxidative stress as well as cardiovascular risks.
To provide information that may be useful in designing
a nutritional intervention to prevent the development
of MS as well as in the management of MS with a view
of preventing possible progression to T2DM, this study
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determined the possible attenuating effects of Nigerian
diets, which are predominantly starchy foods, on selected
inflammatory and pro-thrombosis factors in adults with
MS after 12 months of dietary modification.
Materials and methods
Subjects
A total of 252 apparently healthy adults with MS were recruited into this prospective study. The participants were
cohorts involved in a study titled “Risk Assessment of
Type 2 Diabetes Mellitus and Dementia in Nigerians with
Metabolic Syndrome”29. Briefly, 790 apparently healthy
participants were consecutively enrolled into the cohortstudy and were screened for MS using the International
Diabetes Federation diagnostic criteria30. Two hundred
and fifty two (252) of them fulfilled the criteria for MS
and were thus, selected for this prospective study. Participants who were underweight, pregnant women, those
with HIV/hepatitis infection and those on anti-inflammatory and pro-fibrinolysis agents were excluded from
the study.
To further establish the metabolic, inflammatory and prothrombotic alterations in MS, 40 adults who did not have
any component of MS were purposively selected from
amongst the cohorts as controls.
Ethical consideration
The study was carried out after an ethical approval from
the University of Ibadan/University College Hospital
(UI/UCH) Joint Ethics Review Committee and written
informed consent was obtained from each participant.
Dietary prescription
All the participants with MS received a comprehensive
consultation with a principal Dietitian in the Department
of Dietetics, University College Hospital, Ibadan, Nigeria.
The need for behavioural change such as dietary modification was discussed with all the participants as one of the
ways to enhance good health. Different cooking methods
were also discussed with all the participants. Thereafter,
individual dietary intake was assessed using a 24 - hour dietary recall. The diets were documented by the Dietitian,
and to obtain precise information, each subject was asked
if that was their typical pattern of intake, how often they
ate per day, what variety of food they consumed, how the
food was prepared, what the serving size was, and the
brand of food/meal they usually consumed. Based on the
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information provided, total caloric intake obtained from
protein, total fat, and carbohydrate was calculated and
pegged at 20%, 30% (including 14% polyunsaturated fat)
and 50% respectively. Each participant was provided with
verbal and written instructions containing list of recipes
and quantities of different food to be consumed to meet
the desired dietary requirement.
Each participant with MS was seen monthly for 12
months by the Dietitian and information on compliance
was obtained. In addition, assessment of compliance was
done by calculating waist-to-height ratio (WHtR) at 6 and
12 months. Martínez-González et al.31 reported an inverse
association between adherence to the Mediterranean diet
and WHtR than BMI and WC.

Inflammatory and pro-thrombotic factors
Serum levels of inflammatory cytokines [interleukin-6
(IL-6) and interleukin-10 (IL-10)] were determined using
ELISA (Boster Biological Technology Co., Inc, USA).
Similarly, serum levels of pro-thromobotic factors [human plasminogen activator inhibitor-1 (PAI-1) and fibrinogen] were determined using ELISA (Assaypro LLC,
USA).
Statistical analysis
Statistical analysis was carried out using SPSS statistical
software version 17.0 for windows. The Gaussian distribution of all the quantitative variables was assessed using histogram with normal curve. Values were reported
as mean ± standard deviation or median (interquartile
range) for normally and non-normally distributed data
respectively. At baseline, groups were compared using unpaired Student’s t-test and Mann-Whitney U depending
on the distribution of the variables. Age and gender were
adjusted for, using Analysis of Covariance (ANCOVA)
when comparing the MS group with control. Comparing
the baseline and post-intervention data, the differences in
means/medians were determined using paired Student’s
t-test or Wilcoxon signed-rank test as appropriate. P-values less than 0.05 were considered statistically significant.

Sample collection
After an overnight fast, 15 mls of venous blood were collected from of each participant at baseline (before the
commencement of dietary modification), 6 months and
12 months (post-dietary modification). Samples were collected only once (at the beginning of the study) in the
controls. Prior to the scheduled 6 and 12 months visits,
reminder telephone calls were made to each participant
with MS. Samples were dispensed into fluoride oxalate
bottles, EDTA-containing sample bottles,citrate-containing sample bottles and plain sample bottles to obtain plasma and serum as appropriate. Serum and plasma samples Results
obtained were stored at -200C until analyzed.
At the end of the 12 months of dietary modification,
there was a high drop-out rate (71.43% at 6-months and
Anthropometric and blood pressure measurements
85.72% at 12-months) in participants with MS. Only 32
Body weight, height, body mass index (BMI), waist cir- participants with MS had complete baseline, 6 months
cumference (WC), hip circumference (HC), waist-hip ra- and 12 months data hence, were compared with the contio (WHR), waist-height ratio (WHtR), % body fat (BF), trols.
and blood pressure (BP) were obtained from the partici- As shown in Table 1, body weight, BMI, WC, HC, WHR,
pants by standard methods as described elsewhere29.
WHtR, % body fat, systolic and diastolic BP, FPG, fibrinogen and PAI-1 were significantly higher while HDL-C
Fasting plasma glucose and lipids
and IL-10 were significantly lower in participants with MS
Enzymatic methods were used for the determination of compared with the corresponding control values. Howplasma TG, TC, HDL-C and FPG, while LDL-C was cal- ever, after adjusting for age and gender, only the mean
culated using Frieldwald et al. formula32.
HDL-C was significantly lower, while body weight, BMI,
WC, HC, waist-hip ratio, WHtR, % body fat, fibrinogen,
systolic and diastolic BP were still higher in participants
with MS compared with the respective values in the controls.
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Table 1: Gender, anthropometric, clinical, metabolic, inflammatory and prothrombosis
indices in participants with MS and controls
Gender
Male
Female
Age (years)
Height (m)
Body weight (kg)
BMI (kg/m2)
Waist circumference
(cm)
Hip
circumference
(cm)
Waist-Hip ratio
WHtR
Body fat (%)
Systolic BP (mmHg)
Diastolic
BP
(mmHg)
FPG (mg/dl)
TC (mg/dl)
TG (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
IL-6 (pg/ml)
IL-10 (pg/ml)
Fibrinogen (µg/ml)
PAI-1 (ng/ml)

MS (n = 32)

Control (n = 40)

4 (12.5%)
28 (87.5%)
52.0 ± 7.0
1.6 ± 0.1
73.5 ± 12.8

22 (55.0%)
18 (45.0%)
41.1 ± 15.1
1.6 ± 0.1
58.3 ± 9.0

P-values

†

P-values

0.000*
0.070
0.000*

0.000*

28.2 ± 4.6
100.8 ± 9.9

21.6 ± 2.2
79.6 ± 7.2

0.000*
0.000*

0.000*
0.000*

106.0 ± 9.6

91.9 ± 5.4

0.000*

0.000*

0.95 ± 0.06
62.5 ± 6.2
39.6 ± 7.9
145.8 ± 23.5
89.7 ± 15.1

0.87 ± 0.06
48.4 ± 3.8
22.4 ± 6.2
113.8 ± 7.1
71.8 ± 4.5

0.000*
0.000*
0.000*
0.000*
0.000*

0.000*
0.000*
0.000*
0.000*
0.000*

0.002*

0.062

–

0.812
0.104

0.702
0.241

–

0.000*
0.073

0.000*
0.133

–

0.277

0.632

–

0.007*

0.453

–

0.000*

0.000*

0.002*

0.821

88.5 (81.3
101.0)
145.5 ± 41.6
62.5 (44.8
95.3)

–
–

32.1 ± 9.0
95.5
(60.0
–
122.8)
80.5 (18.4 –
136.9)
129.2 (100.0 –
182.3)
2478.6 (1450.8
– 3256.4)
5.4 (5.3 – 5.6)

80.0 (73.3 – 86.0)
147.6 ± 31.8
52.0
(41.3
68.5)
55.4 ± 9.8
79.0
(47.5
103.8)
46.5
(16.1
110.3)
168.3 (132.0
273.1)
1144.9 (911.2
1480.4)
5.1 (5.0 – 5.4)

*significantly different (2-tailed), †P-values obtained after adjusting for age and gender, values are in mean ± standard deviation,
median (interquartile range) or number (percentage), n=number of participants, BP=blood pressure, BMI=body mass index,
WC=waist circumference, HC=Hip circumference, WHtR = waist-to-height ratio, FPG = fasting plasma glucose, TC=total
cholesterol, TG=triglyceride, HDL-C=high density lipoprotein cholesterol, LDL-C=low density lipoprotein cholesterol, IL6=interleukin-6, IL-10=interleukin-10, PAI-1=plasminogen activator inhibitor-1.

At the end of 12 months of dietary modification, the
mean body weight, BMI, WC, HC, WHR, WHtR, %
body fat, SBP and DBP progressively reduced, while the
HDL-C progressively increased from baseline through 12
months (Table 2).
Comparing baseline and 6-months, there were significant
reductions in body weight, WC, WHtR, % body fat, SBP
and DBP while HDL-C, TC, fibrinogen and PAI-1 had
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significant elevations in the MS subjects (Table 2). Similarly, there were significant reductions in body weight,
BMI, SBP, DBP, WC, HC, WHR, WHtR, % body fat and
fibrinogen while HDL-C and IL-10 had significant elevations at 12-months compared with the respective baseline. However, only the body weight, BMI, WC, waist-hip
ratio, WHtR, fibrinogen and PAI-1 had significant reductions at 12-months compared with the respective values
at 6-months (Table 2).
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Table 2: Anthropometric, clinical, metabolic, inflammatory and prothrombosis indices at
baseline, 6 months and 12 months
Body weight (kg)
BMI (kg/m2)
Waist circumference (cm)
Hip circumference (cm)
Waist-Hip ratio
WHtR
Body fat (%)
Systolic BP (mmHg)
Diastolic BP (mmHg)
FPG (mg/dl)
TC (mg/dl)
TG (mg/dl)
HDL-C (mg/dl)

Baseline (n = 32)
73.5 ± 12.8
28.2 ± 4.6
100.8 ± 9.9
106.0 ± 9.6
0.95 ± 0.06
62.8 ± 6.0
39.6 ± 7.9
145.8 ± 23.5
89.7 ± 15.1
88.5 (81.3 – 101.0)
145.5 ± 41.6
62.5 (44.8 – 95.3)
32.1 ± 9.0

6months (n = 32)
71.3 ± 12.2a†
27.6 ± 4.4
97.9 ± 8.6a†
104.3 ± 9.3
0.94 ± 0.06
61.1 ± 5.5 a†
38.2 ± 8.2a†
132.6 ± 19.0a†
85.2 ± 12.9a†
90.0 (82.0 – 98.50)
165.6 ± 40.7a‡
72.0 (52.0 – 86.5)
48.8 ± 16.8a‡

12 months (n = 32)
69.5 ± 11.7a†, b†
26.8 ± 4.0a†, b†
94.3 ± 9.2a†, b†
102.4 ± 8.5a†
0.92 ± 0.07a†, b†
58.8 ± 5.3a†, b†
36.4 ± 8.2a†
130.3 ± 17.9a†
82.8 ± 11.1a†
90.5 (79.3 – 96.8)
154.9 ± 45.0
80.5 (59.3 – 103.3)
52.1 ± 13.2a‡

LDL-C (mg/dl)

95.5 (60.0 – 122.8)

102.0 (72.0 – 119.0)

88.0 (59.0 – 115.0)

IL-6 (pg/ml)

80.5 (18.4 – 136.9)

85.8 (40.0 – 245.1)

111.2 (41.6 – 181.8)

IL-10 (pg/ml)
Fibrinogen (µg/ml)

129.2 (100.0 – 182.3)
2478.6 (1450.8 – 3256.4)

126.5 (81.8 – 201.8)
3302.9 (2247.0 – 4138.9)a‡

140.4 (94.4 – 192.1)a‡
933.2 (594.7 – 1588.5)a†,

PAI-1 (ng/ml)

5.4 (5.3 – 5.6)

5.5 (5.4 – 5.6)

a‡

b†

5.4 (5.4 – 5.5)b†

*significantly different (2-tailed), values are in mean ± standard deviation or median (interquartile range), n=number of
participants,a†significantly reduced when compared with baseline, a‡significantly increasedcompared with baseline, b†significantly
reduced compared with 6-month, b‡significantly increased compared with 6-month, BP=blood pressure, BMI=body mass index,
WC=waist circumference, HC=Hip circumference, WHtR = waist-to-height ratio, FPG = fasting plasma glucose, TC=total
cholesterol, TG=triglyceride, HDL-C=high density lipoprotein cholesterol, LDL-C=low density lipoprotein cholesterol, IL6=interleukin-6, IL-10=interleukin-10, PAI-1=plasminogen activator inhibitor-1.

Discussion
Type 2 diabetes mellitus and cardiovascular diseases epidemic is on the rise due to increasing prevalence of metabolic syndrome (MS) and obesity. Although MS is considered an energy excess health problem, it is now prevalent
in developing countries where poverty and malnutrition
are common.
The observed significant elevation of anthropometric
indices, blood pressure and FPG, and reduced HDL-C
levels in participants with MS compared with controls
support earlier reports14,33. This has been attributed to an
imbalance between energy expenditure and storage, insulin resistance and activation of renin-angiotensin-aldosterone system (RAAS) among others. Our observation, together with earlier reports,further confirm the important
role played by these indices in the development as well as
harmonization of various diagnostic criteria of MS.
Individuals with MS typically manifest pro-thrombic and
pro-inflammation states. PAI-1 has been shown to be a
good predictor of MS34,35. High plasma PAI-1 has been
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associated with thrombus formation which causes cardiovascular events36. The elevated level of PAI-1 observed in
participants with MS compared with the controls is in line
with the report of Juhan-Vague et al.37. Our observation
might indicate increased PAI-1 production from the rapidly expanding adipocytes and/or macrophages infiltrating the adipose tissue. Dellas and Loskutoff38 and Alessi
and Juhan-Vague39 reported that hepatocytes, endothelial
cells, adipocytes, megakaryocytes, and macrophages infiltrating the adipose tissue synthesize and secrete PAI-1
into the circulation. Furthermore, fat redistribution phenotype, insulin resistance, cortisol production, glucidolipidic disturbances, renin angiotensin system and oxidative stress have also been identified as possible inducers
of PAI-1 synthesis in MS39.
Fibrinogen is an acute phase reactant that is increased in
inflammatory states. It is an independent risk factor for
cardiovascular diseases40. Our observed elevated level in
participants with MS compared with the controls corroborates the report of Ford41. This observation could be
African Health Sciences Vol 17 Issue 2, June, 2017

increased utilization of stored energy thereby, improving
the cardio-metabolic risk factors as observed. Although
verbal report and recall methods were used to assess dietary compliance, the consistent observed progressive
reduction in WHtR probably indicates an appreciable adherence to the dietary modification as it has been reported31 that WHtR has an inverse association with adherence
Central obesity has been shown to induce phenotypic to the Mediterranean diet.
switch from alternatively activated macrophages (M2) to
classically activated macrophages (M1) which is charac- Adipocyte hypertrophy facilitates cell rupture and evokes
terized by reduction in anti-inflammation and an increase an inflammatory reaction which has been associated with
in pro-inflammation43. The observed lower level of IL-10 increased cardiovascular risks and other metabolic disturin participants with MS compared with the controls is in bances33,48,49. IL-10 is an effective anti-inflammatory cytoline with the report of Esposito et al.44. Our observation kine which regulates the inflammatory response47. In this
could be as a result of shift in adipose tissue macrophages study, IL-10 did not increase at 6-months but increased
(ATM) population. Studies have shown that there is re- at 12-months compared with baseline. Its elevation at 12
duced visceral adipose tissue (VAT) resident regulatory months could indicate that there is a reversal in the inT cells (Tregs), increased proportion of Th1 T cells and duction of phenotypic switch from alternatively activated
CD8+ T cells, and increased ratio of Th1 and Th17 to macrophages (M2) to classically activated macrophages
Treg in MS45,46.
(M1) which signifies reduced infiltration of the adipose
tissue by macrophages favouring anti-inflammation43.
After adjusting for age and gender using multivariate Macrophages form a crown-like structure around necrotanalysis however, body weight, BMI, WC, HC, waist-hip ic/adipocyte debris which indicates that their presence
ratio, % body fat, fibrinogen, SBP and DBP were still el- in adipose tissue is predominantly for clearance purposevated, while the HDL-C was still reduced in participants es50. For each dead adipocyte, several macrophages are
with MS compared with the respective values in the con- recruited which amplifies the inflammatory response51.
trol group. This observation probably suggests that these After this, the macrophages phagocytose the cell debris
aforementioned parameters are indeed, features of MS of the apoptotic cells and engage in an anti-inflammatory
irrespective of age and gender. van Exel et al.47 report- programme52,53. Also, the observation in this study could
ed that women have lower IL-10 and TNF-α production be an indication that there is increased VAT resident regcapacity than men. This might explain our observed in- ulatory T cells (Tregs), reduced proportion of Th1 T cells
significant differences in IL-10 levels after adjusting for and CD8+ T cells, and reduced ratio of Th1 and Th17 to
gender since majority of the participants with MS were Treg after dietary modification.
females.
Adoption of a healthier lifestyle has been identified as an The observed reduction in fibrinogen level at 12-months
important step in reducing the excess cardiovascular risk compared with baseline and 6-months supports the reassociated with MS25. The observed progressive reduc- port of Ditschuneit et al.54 who reported a fall in plasma
tion in all the anthropometric indices (body weight, BMI, fibrinogen level accompanying a reduction in BMI after
WC,HC, waist-hip ratio, WHtR, % body fat) and blood a 6-month low calorie diet intake. Our observation could
pressure readings (SBP and DBP), and the concomitant be attributed to reduction in MS associated inflammarise in HDL-C concentration from baseline through tion post-dietary modification. The mechanism for the
12-month HDL-C level corroborates the reports of Rob- observed lower fibrinogen level and higher IL-10 level
erts et al.26 and Akbaraly et al.27 who observed significant post-dietary modification could be explained through
beneficial changes in the cardio-metabolic risk factors the reduction in central adiposity. Reduction in WC (as
in MS subjects following short-term and long-term di- observed) brought about by the dietary modification reetary modification. Our observation probably indicates duced infiltration of the adipose tissue by macrophages
that diet modification results in less energy storage and and/or reduced phenotypic switch from alternatively acattributed to the MS-associated inflammation resulting
from myriads of inducers. For example, Toll-like receptor-4 (TLR4) ligands such as saturated fatty acids and oxidative stress have been shown to activate NF-kB and activator protein-1 transcription factors leading to enhanced
pro-inflammation in MS42.
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tivated macrophages (M2) to classically activated macro- eeman JI, et al. Harmonizing the metabolic syndrome:
phages (M1) thereby culminating in reduced pro-inflam- a joint interim statement of the International Diabetes
mation and increased anti-inflammation.
Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American
Increased PAI-1 level has been shown to be a true com- Heart Association; World Heart Federation; Internationponent of MS39,55. The median PAI-1 level that was sig- al Atherosclerosis Society; and International Association
nificantly higher at 6-months reduced significantly at for the Study of Obesity. Circulation. 2009; 120: 164012-months, paralleling the baseline value. These non-spe- 1645 PubMed.
cific changes contradict the report of Folsom et al.56 who 2. Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metareported a decrease in plasma PAI-1 level following hy- bolic syndrome: definitions and controversies. BMC Medpocaloric diet. Our observation could not be explained icine. 2011; 9: 48.
at the moment but the observed inconsistent changes in 3. Gaziano TA, Galea G, Reddy KS. Scaling up intervenPAI-1 levels might indicate that PAI-1 changes in MS do tions for chronic disease prevention: the evidence. Lancet.
not follow the usual pattern of inflammation and dyslip- 2007; 370: 1939–1946.
idaemia. Rega et al.57 reported that increased expression 4. Hollman G, Kristenson M. The prevalence of the
of PAI-1 in MS is not associated with IL-6 driven inflam- metabolic syndrome and its risk factors in a middle-aged
mation and dyslipidaemia.
Swedish population--mainly a function of overweight?
The high drop-out rate observed in this study was a ma- European Journal of Cardiovascular Nursing. 2008; 7(1): 21jor limitation. This observation however, highlighted why 26.
early diagnosis and prompt management of MS and its 5. Hossain P, Kawar B, El Nahas M. Obesity and diabetes
associated diseases could be difficult as majority of adult in the developing world- a growing challenge. New EnNigerians especially, those with no formal education are gland Journal of Medicine. 2007; 356: 213-215.
not easily convinced that there is the need to go for rou- 6. Ford ES. Prevalence of the Metabolic Syndrome Detine medical check-up even, when they feel apparently fined by the International Diabetes Federation Among
Adults in the U.S. Diabetes Care. 2005; 28(11): 2745-2749
healthy.
7. Li C, Ford ES, McGuire LC, Mokdad AH. Increasing trends in waist circumference and abdominal obesity
Conclusion
This study shows that six and twelve months of dietary among US adults. Obesity (Silver Spring). 2007; 15: 216modification effectively reversed the conventional com- 224.
ponents of MS. However, the changes in mediators of 8. Mannucci E, Monami M, Rotella CM. How many cominflammation and pro-thrombosis were only prominent ponents for the metabolic syndrome? Results of explorafter 12 months of dietary modification. Therefore, atory factor analysis in the FIBAR study. Nutrition, Melong-term regular dietary modification may be a useful tabolism and Cardiovascular Diseases. 2007; 17(10): 719–726.
tool in improving inflammation and pro-thrombosis in 9. Fezeu L, Balkau B, Kengne A, Sobngwi E, Mbanya JC.
Metabolic syndrome in a Sub-Saharan African setting:
metabolic syndrome.
Central obesity may be the key determinant. Atherosclerosis. 2007; 193: 70–76.
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