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Abstract

This study aimed to assess the effects of a 2-month lifestyle modification trial on cardio-metabolic abnormali-
ties and C-reactive protein (CRP) among obese adolescents with metabolic syndrome [phenotypically obese
metabolically abnormal (POMA)] and obese adolescents without a cardio-metabolic disorder [phenotypically
obese metabolically normal (POMN)], as well as in normal-weight adolescents with at least one cardio-
metabolic disorder [phenotypically normal metabolically obese (PNMO)]. The study comprised 360 adoles-
cents assigned in three groups of equal number of POMN, POMA and PNMO. They were enrolled in a trial
consisting of aerobic activity classes, diet and behaviour modification, and were recalled after 6 months.
Overall, 94.7% of participants completed the 2-month trial, and 87.3% of them returned after 6 months. The
mean CRP was not significantly different between the POMA and PNMO groups, but was higher than in the
POMN group. After the trial, body mass index (BMI) and waist circumference (WC) decreased in obese
participants, and the mean body fat mass decreased in all groups. At 2 months, the mean total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG) and CRP decreased in the POMA and
PNMO groups. After 2 and 6 months, the decrease in mean TC, LDL-C, TG, CRP and systolic blood pressure
was greater in the POMA than in the POMN group. The magnitude of decrease in CRP correlated with that
of BMI, WC, fat mass, TG, TC and LDL-C. Lifestyle modification programmes for primordial/primary pre-
vention of chronic diseases would be beneficial at the population level and should not be limited to obese
children.
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Introduction

Excessive amounts of adipose tissue in children com-
prise a growing health problem throughout the world

(Weker 2006). Childhood obesity is, at least in part,
the result of a continuing imbalance between energy
intake and expenditure. Given the genetic back-
ground, major causative factors are inappropriate
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nutrition, psychological factors, lack of physical activ-
ity and their interactions. Low level of physical activ-
ity not only contributes to obesity development and
maintenance, but also it is a negative effect of child-
hood obesity. Undesirable health effects of obesity of
children such as dyslipidaemia, type 2 diabetes and
metabolic syndrome (Eisenmann 2007) rationalize
the need to look for efficient interventions for con-
trolling overweight and its related cardio-metabolic
disorders.

Although cardio-metabolic disorders usually exist
among obese children [phenotypically obese meta-
bolically abnormal (POMA)], studies have shown
that some obese individuals have no associated meta-
bolic abnormality. The term phenotypically obese
metabolically normal (POMN) has been used to
describe them. At the same time, there are normal-
weight subjects with a clustering of cardio-metabolic
abnormalities who may be at elevated risk for insulin
resistance and elevated risk of cardiovascular disease,
i.e. phenotypically normal metabolically obese
(PNMO) (St-Onge et al. 2004; Ramachandran et al.
2007; Kelishadi et al. 2008a).

Probably the most effective intervention for con-
trolling cardio-metabolic risk factors among youths is
an integrative concept based on diet modification,
behavioural change and encouraging physical activity
(Stockli & Keller 2003). Weight loss reduces blood
pressure (BP), serum triglyceride (TG) levels
and probably low-density lipoprotein cholesterol
(LDL-C) concentrations and increase high-density

lipoprotein cholesterol (HDL-C) levels (Poirier &
Despres 2001). An increase in physical activity along
with weight loss profoundly influences peripheral
lipoprotein metabolism and improves the atherogenic
lipoprotein profile (Johnson et al. 2000).

It is suggested that some of the beneficial effects of
lifestyle modification, notably physical activity, may be
mediated through decreasing subclinical inflammation
both in adults (Wannamethee et al. 2005) and in ado-
lescents (de Ferranti et al. 2006). Previous studies have
assessed the effects of lifestyle modification on cardio-
metabolic risk factors and markers of inflammation
among obese children and adolescents (Roberts et al.
2006; Kelishadi et al. 2008b). This study, which to the
best of our knowledge is the first of its kind, aimed to
assess the short- and long-term effects of a 2-month
lifestyle modification trial on cardio-metabolic abnor-
malities and C-reactive protein (CRP) among POMA,
PNMO and POMN adolescents.

Methods

Study population

This trial was conducted in 2007 among 360 adoles-
cents aged 12–16 years. The sample size was calcu-
lated based on a two-sample t-test, with a clinically
important difference of 2.2 in the waist circumference
(WC) of obese youths before and after participating
in one of our previous lifestyle modification trials
(Kelishadi et al. 2008b). By considering the estimated

Key messages

• The C-reactive protein (CRP) level was higher in normal-weight and obese adolescents with cardio-metabolic
disorder than in obese adolescents without such disorders.

• Irrespective of the baseline weight status and weight reduction, improvement in dyslipidaemia and inflammation
can be achieved by lifestyle modification among youths.

• The magnitude of decrease in serum CRP after the 2-month interventional period correlated significantly with
the magnitude of decreases in body mass index, waist circumference and total fat mass, as well as total
cholesterol, low-density lipoprotein cholesterol and triglycerides, but not with the skinfold thickness and
high-density lipoprotein cholesterol (HDL-C).

• Dyslipidaemia in terms of low HDL-C and high triglycerides should be considered not only in obese children,
but also in normal-weight children; this is of special concern in populations using hydrogenated fats and having
low physical activity.

• Lifestyle modification programmes designed for primordial/primary prevention of chronic diseases might be
beneficial at the population level and should not be limited to obese children.
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SDs of 4.7 and 4.1, the power of 95% and the statis-
tical significance of 5%, the sample size was calcu-
lated as 105 in each group (total 315), but because of
the attrition of participants during the follow-up
period, 360 individuals (120 in each group) were
included in the trial.

Participants consisted of the following: 120 obese
adolescents with normal blood glucose, lipid profile
and BP were considered as the POMN group; 120
normal-weight adolescents with an abnormal level of
at least one cardio-metabolic risk factor were consid-
ered as the PNMO group; and 120 obese adolescents
with the criteria of the metabolic syndrome, i.e. at
least three out of the following five risk factors:
TGs �150 mg dL-1, HDL-C <40 mg dL-1, fasting
blood glucose (FBG) �100 mg dL-1, systolic BP
(SBP) �130 mm Hg or diastolic BP (DBP)
�85 mm Hg (Zimmet et al. 2007), were considered as
the POMA group, respectively. The two obese groups
were consecutively recruited from obese children
who were referred to the Obesity and Metabolic Syn-
drome Research Clinic of the Pediatric Preventive
Cardiology Department, Isfahan Cardiovascular
Research Center (ICRC). The PNMO group was
selected from the classmates of the first two groups.
After screening 427 students, we reached the neces-
sary number (i.e. 120) of subjects with at least one of
the aforementioned risk factors, the most common
being low serum HDL-C followed by high TG level.
The groups were balanced for age group and sex.
Those subjects with syndromal obesity, mental retar-
dation, endocrine disorders, presence of any physical
disability, and or history of smoking, chronic medica-
tion use or infection during the 2 weeks before the
study were not included in the trial.

The study was approved by the Ethics Committee
of the ICRC [National Institute of Health (NIH)
Code: FWA 0000t8578]. All parents of included sub-
jects gave written informed consent after receiving
information, and oral assent was obtained from the
participants.

Measures

The calculated age from birth till the interview date
was recorded. Weight and height were measured by a

calibrated scale and stadiometer (Seca,Tokyo, Japan),
with subjects lightly clothed and barefoot to the
nearest 0.1 cm and 0.1 kg, respectively. Body mass
index (BMI) was calculated as weight (kg) divided by
height (m) squared. BMI was categorized on the basis
of the BMI reference curves of Iranian children and
adolescents (Kelishadi et al. 2008c) that are relatively
similar to the revised growth charts of the Centers for
Disease Prevention and Control (CDC) (Kuczmarski
et al. 2002). WC was measured at a point midway
between the lower border of the ribcage and the iliac
crest at the end of normal expiration (WHO 1995).
WC percentiles were calculated according to the ref-
erence curves of Iranian children and adolescents
(Kelishadi et al. 2007a). Triceps skinfold was mea-
sured by a skinfold caliper (Mojtahedi, Isfahan, Iran).
Body fat mass was determined through dual energy
absorptiometry using Omron body fat monitor instru-
ment (Omron, Kyoto, Japan) that was validated in our
previous studies (Kelishadi et al. 2008b).

SBP and DBPs were measured after a supine rest
for 10 min using a mercury sphygmomanometer
(Richter, Uttenreuth, Germany) under standard pro-
tocol. The readings at the first and the fifth Korotkoff
phase were taken as SBP and DBP, respectively. The
average of the two BP measurements at each visit was
recorded and included in the analysis. All measure-
ments were made by the same trained general prac-
titioner and under the supervision of the same
paediatrician.The percentiles were calculated accord-
ing to the BP percentiles of Iranian children and ado-
lescents (Kelishadi et al. 2006a) that are relatively
similar to the US percentiles (National High Blood
Pressure Education Program Working Group on
High Blood Pressure in Children and Adolescents
2004).

Children were asked to fast, 12 h before the labo-
ratory assessments. Compliance with fasting was
determined by interview on the morning of the
examination. Blood samples were taken from the
ante-cubital vein between 8 a.m. and 9 a.m. while one
of the parents accompanied his/her child. FBG, total
cholesterol (TC), LDL-C and HDL-C, TG and CRP
levels were measured in the ICRC central laboratory,
which meets the national standards and is also under
the quality control of the CDC, USA, and the Depart-
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ment of Epidemiology, St. Rafael University, Leuven,
Belgium. For laboratory examinations, blood samples
were centrifuged for 10 min at 3000 rpm within
30 min of venepuncture. FBG and lipid profile were
measured by enzymatic method using an auto-
analyzer (Hitachi, Tokyo, Japan). HDL-C was deter-
mined after dextran sulfate-magnesium chloride
precipitation of non-HDL-C (McNamara & Schaefer
1987). CRP was measured by the same auto-analyzer;
the kit had a minimum detection of less than
0.05 mg L-1 and a measurable concentration range of
up to 160 mg L-1. The intra-assay and inter-assay
variation coefficients were 0.8–1.3% and 1.0–1.5%,
respectively.

The whole programme was offered free of charge.
Testing sessions, including physical and biochemical
examinations, were conducted at enrolment, plus 2
months (within 1 week after the end of the trial) and
6 months after baseline.

Intervention

The lifestyle modification trial, which was carried out
with the same method in all groups, included three
components of exercise, diet education and behaviour
modification (Kelishadi et al. 2008b,d). A physical
therapist led the exercise interventions. Parents did
not take part in the exercise sessions. During the
2-month physical-training period, aerobic activity
classes were held 3 days a week. Each week, a 15-min
session was held before the beginning of the exercise
to didactic presentations and/or discussion about the
reasons for being active, ways of overcoming barriers
to being active, and strategies for maintaining an
active lifestyle and reduction of sedentary activities.
The 40-min sessions of physical training included
20 min of fitness-oriented activities and 20 min of
playing games and running.

A registered dietitian conducted the nutrition edu-
cation sessions. The recommended diet was similar to
our previous studies (Kelishadi et al. 2008b,d) and
based on a diet containing 30% energy fat, 15%
energy proteins and 55% carbohydrates, with an
energy content based on the calorie requirement for
height (Lucas 2000). Necessary information about
limiting the use of saturated and trans fatty acids was

provided, and increase in the consumption of fruits
and vegetables was encouraged. A licenced psycholo-
gist also carried out the behaviour modification ses-
sions (Kelishadi et al. 2008b,d). After the 2-month
trial, all participants and their parents were followed
up by monthly telephone calls for 4 months, and then
6 months after the baseline survey; they were recalled
to the clinic for the third step of the examinations.

Statistical analysis

SPSS for Windows (version 16.0, SPSS Inc., Chicago,
IL, USA) was used for data analysis. The normality of
the distribution of variables with a Kolmogorov–
Smirnov test was verified and found to have no sig-
nificant deviation from normality. The outcome
measures on the dropouts prior to their withdrawal
looked similar with those who stayed in the study.
Consequently, no missing values were imputed and
analyses are presented for participants in the study at
each stage, in the group to which they were random-
ized. Analyses were initially stratified by gender, but
as the chi-square test showed that the differences
were not significant, results are presented for girls and
boys combined. Results are presented as mean � SD
unless mentioned otherwise. Analysis of variance
(ANOVA) adjusted for age and gender with post hoc

Bonferroni test was used to determine the signifi-
cance of any baseline differences between different
groups. In addition, repeated measures ANOVA with
post hoc Bonferroni test was also used separately for
comparison of within-group and between-group
changes of variables studied at baseline and at each
follow-up study. Linear regression analysis was used
to assess mean changes in anthropometric and bio-
chemical parameters. In order to identify parameters
associated with the change in CRP levels after the
2-month interventional period, we performed bivari-
ate regression analysis for the change in plasma CRP
levels vs. the change in measures of adiposity and
serum lipid profile. The significance level was set at
P < 0.05.

Results

The flow of study participants from enrolment
through the study completion is presented in Fig. 1.
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Overall, 94.7% of enrolled adolescents completed the
2-month trial, and 87.3% of them (82.7% of the total
sample enrolled) returned for the 6-month study. The
attendance rate for sessions ranged between 72 and
78%, without significant difference between groups.
There was no significant difference between the char-
acteristics of individuals who completed the study and
those who dropped out in each group at 2- and
6-month follow-up studies, and the attrition of these
individuals did not make any significant statistical
change on the results.

The mean age of the participants was 14.1 (1.7)
years and the female : male ratio was 1.2:1, without a
significant difference between groups under study.
The mean BMI of the PNMO, POMN and POMA
groups corresponded respectively to the 75th, 97th
and 98th percentiles of Iranian children and adoles-
cents (Kelishadi et al. 2008c). The corresponding
figures for WC were 57th, 92nd and 96th percentiles,
respectively (Kelishadi et al. 2007a).These percentiles

were not significantly different between the POMN
and POMA groups, but were significantly higher in
these groups than in the PNMO group. Compared
with the percentiles of Iranian children and adoles-
cents (Kelishadi et al. 2006a), the mean SBP corre-
sponded to the 75th percentile in the PNMO group, to
the 90th percentile in the POMN group, and to the
95th percentile in the POMA group. The mean
DBP corresponded to the 80th percentile in the
PNMO group and to 90th percentile in the two other
groups.

Table 1 presents the baseline characteristics of the
three groups. The mean serum of TC, LDL-C and TG
was significantly higher, and that of HDL-C was sig-
nificantly lower in the POMA group followed by the
PNMO and POMN groups. The mean CRP level was
significantly lower in the POMN group than in the
POMA and PNMO groups; in addition, it was lower
in the PNMO than in the POMA group, but this
difference was not statistically significant.

assessed for eligibility (n = 427) 

allocated to PNMO  (n = 120)
received 2-month intervention  

(n = 112)
did not receive intervention (n =  8)

three declined to participate 
five had difficulty for    

                transportation to physical   
                activity classes

allocated to POMA  (n = 120)
received 2-month intervention  
                                          (n = 115)
did not receive intervention (n = 5)

two declined to participate 
three had difficulty for    

                transportation to physical   
                activity classes

Enrolment

allocated to POMN (n = 120)
received 2-month intervention  
                                          (n = 114)
did not receive intervention (n =  6)

two declined to participate 
four had difficulty for    

                transportation to physical   
                activity classes

lost to the 6-month follow-up         
                                       (n = 16) 

five declined to come 
seven refused blood sampling 

four had personal reasons  

included in the analysis

          112 in the 2-month analysis 
           95 in the 6-month analysis 

included in the analysis

        115 in the 2-month analysis 
        105 in the 6-month analysis 

included in the analysis

          114 in the 2-month analysis 
           98 in the 6-month analysis 

lost to follow-up (n = 10) 
four declined to come 
one moved 
four refused blood sampling 
one had personal reasons  

lost to the 6-month follow-up         
                                       (n = 17) 

six declined to come 
two moved 
five refused blood sampling 
four had personal reasons  

Fig. 1. Participant retention vs. attrition. PNMO, phenotypically normal metabolically obese; POMA, phenotypically obese metabolically abnormal;
POMN, phenotypically obese metabolically normal.
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The within-group and between-group changes in
the mean (SD) of the physical and biochemical vari-
ables assessed among the three groups studied at 2
months vs. baseline, and at 6 months vs. 2 months,
are presented in Table 2. Within-group comparisons

showed that after the 2-month trial, BMI and WC
decreased significantly in obese participants, i.e. in the
POMA and POMN groups, whereas the mean body
fat mass decreased in all groups. The mean TC,
LDL-C, TG and CRP decreased significantly in the

Table 1. Baseline characteristics [mean (SD)] of participants

PNMO (n = 120) POMN (n = 120) POMA (n = 120)

Body mass index (kg m2) 20.4 (0.5) 26.4 (0.5)** 26.2 (0.6)*
Waist circumference (cm) 67.5 (1.4) 80.5 (1.2)** 82.8 (1.1)
Subcutaneous fat (mm) 15.2 (0.4) 18.5 (0.4)** 18.2 (0.5)*
Body fat mass (kg) 24.4 (1.4) 30.4 (1.5)** 30.6 (1.2)*
Total cholesterol (mg dL-1) 172.8 (9.5) 167.1 (8.5) 179.7 (9.1)
LDL cholesterol (mg dL-1) 114.2 (4.1) 108.1 (6.4) 116.4 (7.2)
HDL cholesterol (mg dL-1) 35.7 (4.5) 38.6 (4.2) 32.7 (5.4)
Triglycerides (mg dL-1) 131.5 (15.1) 111.7 (14.6) 139.7 (15.4)
Fasting blood glucose (mg dL-1) 81.5 (5.2)* 82.5 (7.1)** 84.5 (6.2)*
C-reactive protein (mg L-1) 1.1 (0.04)* 0.9 (0.05) 1.4 (0.02)
Systolic blood pressure (mm Hg) 117.2 (26.5)* 122.5 (27.4) 124.1 (25.1)
Diastolic blood pressure (mm Hg) 74.2 (18.2) 76.5 (19.2) 77.1 (18.2)*

HDL, high-density lipoprotein; LDL, low-density lipoprotein; PNMO, phenotypically normal metabolically obese; POMN, phenotypically obese
metabolically normal; POMA, phenotypically obese metabolically abnormal.All differences are significant between groups except those marked
by the following superscripts: *P > 0.05 vs. POMN group; **P > 0.05 vs. POMA group. Data are means (SD) compared between groups by
analysis of variance adjusted for age and gender with post hoc Bonferroni test.

Table 2. Mean (SD) of within-group and between-group changes (D) in physical and biochemical variables in different steps of the study (2 months
vs. baseline, and 6 months vs. 2 months)

PNMO POMN POMA P-value between groups

2 months
(n = 112)

6 months
(n = 95)

2 months
(n = 114)

6 months
(n = 98)

2 months
(n = 115)

6 months
(n = 105)

2 months 6 months

D BMI (kg m2) 0.2 (0.05) 0.2 (0.04) -1.1 (0.2)* -0.7 (0.1) -1.2 (0.3)* -0.6 (0.1) 0.01§ 0.02§

D WC (cm) -0.4 (0.05) -0.2 (0.04) -2.1 (0.4)* -1.4 (0.3)† -2.5 (0.4)* -1.1 (0.2)† 0.01§ 0.01§

D Skinfold (mm) -0.07 (0.001) -0.05 (0.001) -0.3 (0.001) -0.1 (0.001) -0.4 (0.001) -0.1 (0.001) NS NS
D Fat mass (kg) -1.7 (0.2)* -0.4 (0.1) -2.6 (0.3)* -1.2 (0.1)† -3.7 (0.5)* -1.7 (0.2)† 0.02‡§ 0.01§

D FBG (mg dL-1) -0.7 (0.07) -0.2 (0.01) -1.1 (0.4) -0.7 (0.05) -3.2 (0.6) -1.4 (0.1) NS NS
D TC (mg dL-1) -3.1 (0.4)* -2.4 (0.5) -1.2 (0.1) -0.8 (0.4) -4.1 (0.4)* -2.8 (0.6) 0.01‡ 0.02‡

D LDL-C (mg dL-1) -3.2 (0.5)* -1.8 (0.3)† -0.7 (0.1) -0.5 (0.03) -3.1 (0.7)* -1.7 (0.1)† 0.03‡ 0.01‡

D HDL-C (mg dL-1) 1.2 (0.4) 1.2 (0.2) 0.7 (0.5) 0.6 (0.02) 1.7 (0.7) 1.6 (0.2) NS NS
D TG (mg dL-1) -11.6 (2.5)* -7.2 (1.5)† -5.4 (1.7) -2.7 (0.5) -18.4 (5.1)* -12.4 (2.8)† <0.0001‡§ <0.0001‡§

D CRP (mg L-1) -0.4 (0.05)* -0.3 (0.01)† -0.1 (0.01) -0.1 (0.02) -0.5 (0.04)* -0.3 (0.07)† 0.04‡ 0.04‡

D SBP (mm Hg) -0.7 (0.5) -0.1 (0.1) -0.4 (0.05) -0.2 (0.01) -1.2 (0.2)* -0.8 (0.1) 0.02‡§ 0.04‡§

D DBP (mm Hg) -0.4 (0.5) -0.2 (0.05) -0.1 (0.01) -0.1 (0.08) -0.8 (0.1) -0.4 (0.08) NS NS

BMI, body mass index; CRP, C- reactive protein; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL, high-density lipoprotein; LDL,
low-density lipoprotein; NS, not significant; PNMO, phenotypically normal metabolically obese; POMA, phenotypically obese metabolically
abnormal; POMN, phenotypically obese metabolically normal; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist
circumference. *P < 0.05 for within-group difference of 2 months after the beginning of the intervention vs. the baseline. †P < 0.05 for within-
group difference of 6 months vs. 2 months after the beginning of the intervention. ‡P < 0.05 for comparison of POMN vs. POMA groups. §P < 0.05
for comparison of POMA vs. PNMO groups. All differences were significant between POMN and PNMO groups except those marked NS
between the three groups.
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two groups with abnormal metabolic profile, i.e. the
POMA and PNMO groups. In the last step of the
study, conducted 6 months after the baseline survey,
the mean WC and body fat mass, as well as the mean
LDL-C, TG and CRP, increased significantly com-
pared with the 2-month results; however, they
remained lower than the baseline values. Comparison
of the changes in variables studied between the three
groups studied showed that both after 2 and 6 months,
all differences were significant, except for the skinfold
thickness, HDL-C, FBG and DBP.After 2 months, the
decrease in mean body fat mass,TC, LDL-C,TG, CRP
and SBP was greater in the POMA than in the POMN
group. At 6 months, the decrease of these variables,
except for body fat mass, remained significantly
higher in the POMA than in the POMN group. Both
at 2 and 6 months, the decrease in mean BMI, WC,
body fat mass, TG and SBP was higher in the POMA
than in the PNMO group.

The bivariate regression analysis for change in
serum CRP vs. change in measurement of body com-
position and lipid profile showed that the magnitude
of decrease in serum CRP after the 2-month interven-
tional period correlated significantly with the magni-
tude of decreases in BMI (b = -7.5, P = 0.04), WC
(b = -10.1, P = 0.001) and total fat mass (b = -12.4,
P < 0.0001), as well as with TC (b = -2.9, P = 0.03),
LDL-C (b = -2.7, P = 0.04) and TG (b = -6.4,
P = 0.02), but not with the triceps’ skinfold thickness
and HDL-C.

Discussion

In the current study, a multidisciplinary approach for
lifestyle modification was applied in obese adoles-
cents with and without cardio-metabolic risk factors
as well as in normal-weight adolescents with at least
one cardio-metabolic risk factor. Results obtained
indicated that irrespective of the baseline weight
status and weight reduction, improvement in dyslipi-
daemia and inflammation can be achieved by lifestyle
modification among youths.

We should acknowledge that consistent with our
previous studies in children (Kelishadi et al. 2008d)
and adolescents (Kelishadi et al. 2008b), this short-
term trial resulted in small changes in cardio-

metabolic risk factors; however, such favourable
changes might have long-term beneficial effects.
Although we had near 20% of dropout in the current
study, but as their outcome measures looked similar
with those who completed the trial, we suggest that
the missing values have not affected the findings of
this trial.

The baseline serum TC and LDL-C were not very
high and consequently had small changes, whereas
serum TG was considerably high and had greater
decline than TC and LDL-C did. Contrary to Western
countries, where the prevalence of hypercholestero-
laemia among children and adolescents is of concern,
in our population, low HDL-C and high TG are quiet
prevalent. For instance, in 2005, a population-based
study reported that respectively 26 and 20% of rural
children in Georgia, USA, had high TC and LDL-C
levels (Davis et al. 2005). At the same time, our
national study in Iran revealed that 45.7% of children
had dyslipidaemia, the most frequent ones were low
HDL-C (24.8%) and hypertriglyceridaemia (24.5%),
followed by hypercholesterolaemia (6.4%) and high
LDL-C (6.3%), respectively (Kelishadi et al. 2006b).
In the same study, the prevalence of high TC and
LDL-C was near 15.3 and 15.1%, respectively, among
obese children and adolescents (Kelishadi et al.
2008a).We have also documented that the percentiles
of TG are higher and the percentiles of HDL-C are
lower in Iranian children and adolescents than in
Western populations such as US (Kelishadi et al.
2006b) and German children and adolescents
(Kelishadi et al. 2008e). In the current study, there was
no significant difference between the mean serum
HDL-C of the group without metabolic abnormality
and the two other groups. This is suggested to be
because of the considerably low serum level of
HDL-C in our region compared with Western coun-
tries, i.e. population-based studies in the Middle East
have shown a considerably high prevalence of low
serum HDL-C in this region (Al-Lawati et al. 2003;
Azizi et al. 2003; Khader et al. 2007). Our national
studies in Iran showed that irrespective of weight
status, 80% of adults (Delavari et al. 2009) and 25% of
children and adolescents (Kelishadi et al. 2007b,
2008a) have low serum HDL-C levels.The high preva-
lence of low HDL-C, even in many individuals
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without excess weight, supports an ethnic predisposi-
tion to this lipid disorder. The findings of a recent
study of the significant association between migration
from Iran to Sweden and the prevalence of hyperten-
sion and smoking, but not dyslipidaemia (Koochek
et al. 2008), provide further confirmatory evidence on
the ethnic predisposition to low HDL-C. This ethnic
predisposition should be examined by future genetic
studies. However, in spite of an ethnic predisposition
to this type of dyslipidaemia, the improvement of the
lipid profile in the current study suggests that a
genetic environment interaction might explain this
lipid disorder. Diets high in trans unsaturated fat may
lower HDL-C levels, increase TG levels and interfere
with fatty acid metabolism. Our previous study
(Kelishadi et al. 2004, 2008f) showed an association
between the improper quality of the consumed fat
(rich in saturated and trans fatty acids) and the high
prevalence of dyslipidaemia in Iranian youths. The
current study showed that lifestyle change was asso-
ciated with improvement in cardio-metabolic risk
factors, notably some components of the metabolic
syndrome, i.e. obesity, high TG and high BP. The
current trial was conducted among youths with
cardiovascular risk factors either in terms of obesity
and/or cardio-metabolic risk factors, hence, it
included a diet recommendation by a dietitian as well
as supervised physical activity with regular monitor-
ing. However, more simple motivational lifestyle
modification programmes with lower costs can be
implemented at the population level in different com-
munity settings and can be beneficial not only for
obese children and adolescents, but also for normal-
weight ones, either with ethnic predisposition to
cardio-metabolic disorders or with improper dietary
and physical-activity habits. Given that small changes
at the individual level may result in large benefits at
the population level, the magnitude of the impact of
such intervention trials might have long-term
population-level effects.

Obesity represents a chronic inflammatory status,
and weight reduction is shown to normalize media-
tors of inflammation in obese children (Amati et al.
2007). It is well documented that the higher the CRP
concentrations, the higher the possibility of having
metabolic syndrome; and the lower the adiposity, the

lower the CRP and probably the lower the risk of
future cardiovascular events (Ford et al. 2005; de
Ferranti et al. 2006). However, in the current study, the
CRP level did not follow this trend, and irrespective
of weight status, those children with cardio-metabolic
disorders had higher CRP levels. Several studies have
demonstrated that obese children/adolescents with
different ethnic backgrounds exhibited higher levels
of CRP as a marker of inflammation (Ford et al. 2005;
de Ferranti et al. 2006; Giannini et al. 2008). Serum
CRP is associated with abdominal obesity in youths
(Kelishadi et al. 2007c), and it is documented that chil-
dren with metabolic syndrome have higher levels of
CRP in comparison with obese children without this
disorder (Soriano-Guillen et al. 2008). Given the asso-
ciation of CRP with fasting plasma glucose and TG in
obese children, it might be suggested that the micro-
inflammation can be a pathogenic base of chronic
diseases such as diabetes mellitus rather than their
outcome. Then, serum high-sensitivity CRP can be
suggested as a simple and cheap predictor of early
atherosclerosis, impaired glucose and lipid metabo-
lism in obese children. Our findings were in line with
aforementioned studies in showing high serum levels
of CRP among obese adolescents, however, the
novelty of our study was in showing the pro-
inflammatory state only in obese adolescents with
abnormal metabolic profile (POMA) and not in
POMN individuals. The other novelty of our study
was in finding that the serum level of CRP in obese
and normal-weight adolescents with cardio-metabolic
risk factors was higher than in obese adolescents
without a metabolic disorder (POMN). In addition,
we found that irrespective of the weight status, the
improvement of CRP and lipid profile was intercor-
related, and reduction in BMI, WC and body fat mass
was associated with improvement of the CRP level.
Longitudinal studies with long-term follow-up are
necessary to confirm such associations and their
possible clinical implications.

Some previous studies have shown that nutrition
can affect inflammation; dietary patterns high in
refined starches, sugar, and saturated and trans fatty
acids, poor in natural antioxidants and fibre from
fruits, vegetables, and whole grains, and poor in
omega-3 fatty acids may cause an activation of the
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innate immune system, most likely by an excessive
production of pro-inflammatory cytokines associated
with a reduced production of anti-inflammatory
cytokines (Giugliano et al. 2006). However, the results
of different studies are controversial; most studies
confirmed such association, but few of them did not
(Fredrikson et al. 2004). Previous studies in obese
youths confirmed a significant association between
dietary habits and the low-grade systemic inflamma-
tion with the risk of type 2 diabetes (Syrenicz et al.
2006). Our finding about the existence of cardio-
metabolic disorders, notably high TG and low
HDL-C, which is consistent with previous studies in
our community (Azizi et al. 2004; Kelishadi et al. 2004,
2008a), might be, at least in part, because of improper
dietary habits among families, especially using hydro-
genated fats rich in saturated and trans fatty acids in
preparing foods, as well as consumption of fast foods
and snacks rich in trans fatty acids. Many efforts are
currently being made at a national level to improve
the quality of fat produced in Iran. Such efforts might
improve the lipid profile at the population level.

In addition, levels of physical activity are negatively
related to body fatness in children (Ruiz et al. 2006),
however, cardiorespiratory fitness is shown to be
more strongly correlated to metabolic risk than physi-
cal activity (Rizzo et al. 2007; McMurray et al. 2008).
While an interaction of fitness and fatness on cardio-
metabolic risk factors in children has been shown
(Eisenmann et al. 2007), and body fat appears to have
a central role in the association of fitness with meta-
bolic risk (Eisenmann et al. 2007; Rizzo et al. 2007),
some studies demonstrated an inverse independent
association between physical activity and metabolic
risk (Brage et al. 2004). It is suggested that some of the
beneficial effects of physical activity may be mediated
through decreasing subclinical inflammation both in
adults (Wannamethee et al. 2005) and in adolescents
(de Ferranti et al. 2006). Hence, the low physical activ-
ity and sedentary lifestyle habits of children and ado-
lescents in our community (Kelishadi et al. 2008f)
might be another reason for the dyslipidaemia and
pro-inflammatory state documented in normal-
weight adolescents. The improvement of these meta-
bolic disorders and the pro-inflammatory state in
PNMO adolescents may confirm such association.

The current trial was successful in the improvement
of the cardio-metabolic risk factors even in those indi-
viduals with normal triceps skinfold, BMI and WC at
baseline (the PNMO group) who did not have extra
adipose tissue to be reduced after the trial, and con-
sequently, did not have significant change in their
anthropometric indexes. This finding suggests that
irrespective of changes in body composition, healthy
lifestyle per se seems to have beneficial effects on
the cardio-metabolic disorders among children and
adolescents.

Given that cardio-metabolic risk factors track from
early life to adulthood, and that childhood CRP value
predicts adult CRP, and this association is found to be
independent of other metabolic risk factors such as
serum lipids, BP, smoking, obesity indices and insulin
(Juonala et al. 2006), and that high CRP is one of the
youth determinants of adult metabolic syndrome
(Mattsson et al. 2008), all children and adolescents,
and not only those with weight disorders, should be
encouraged to have a healthier lifestyle for reducing
the upcoming burden of chronic diseases.

Conclusion

The findings of the present study underscore the
importance of healthy lifestyle from early life and
represent practical directions for the future planning
of programmes designed for primordial/primary pre-
vention of chronic diseases. Such programmes should
be implemented at the population level and should
not be limited to obese children. Evaluation of other
pro-inflammatory and microinflammatory indices
such as tumor necrosis factor-alpha (TNF-alpha),
advanced glycation end products, anti-food immuno-
globulin G (IgG), circulating fatty acid-binding
protein aP2 and acute-phase protein serum amyloid
A and/or adiponectin in future studies might be useful
for completing part(s) of the current puzzle of obesity
and cardio-metabolic disorders in children.
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