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Weight-loss maintenance after following an energy-restricted diet is a major problem that a number of studies are trying to characterise. The aim of

the present study was to investigate the role of IL-6 -174G . C and PPAR-g2 Pro12Ala variants on weight regulation in obese subjects receiving a

low-energy diet and at 1 year after the acute slimming period. Sixty-seven volunteers (age 34·7 (SD 7·0) years; BMI 35·8 (SD 4·8) kg/m2) were

enrolled in a 10-week dietary intervention and were contacted again 1 year after the end of this period. Body composition was measured at

three times during the study. Also, PPAR-g2 Pro12Ala and IL-6 -174G . C polymorphisms were analysed in the participants. No statistical differ-

ences were observed depending on the genetic variants at baseline for anthropometric variables, or after the intervention. However, the C allele of

the -174G . C IL-6 gene polymorphism was more frequently observed (P¼0·032) in subjects with successful weight maintenance (,10% weight

regain). In fact, the C allele partially protected against weight regain (odds ratio 0·24; P¼0·049), while the conjoint presence of both gene variants

(C þ and Ala þ ) further improved the ability for weight maintenance (odds ratio 0·19; P¼0·043). The present study demonstrates that the C allele

of the -174G . C polymorphism gives protection against regain of weight lost. Moreover, the presence of the Ala allele of the PPARg-2 together

with the C allele strengthens this protection. These findings support a role for these polymorphisms on weight regulation and suggest a synergetic

effect of both variants on weight maintenance after following a diet to lose weight.

Interleukin-6: Obesity: Weight loss: Gene–nutrient interactions

Obesity is a major health problem associated with multiple
morbidities and a higher rate of mortality, being increasingly
prevalent (Aronne, 1998; Martinez, 2000). Weight-control
methods are mainly focused on dietary changes and increased
physical activity approaches (Abeke et al. 2006; Greenwald,
2006), which can reduce or eliminate excessive body weight
and related disorders. Weight-loss methods often produce suc-
cessful short-term results, while weight-loss maintenance is
often a difficult task to achieve (Wing & Phelan, 2005). The
failure to maintain weight loss could be partially explained
by genetic factors or by the interaction between genes and
environment (Marti et al. 2004). In this context, knowledge
about genetic predisposition to regain body weight after obes-
ity therapy could offer the possibility to optimise and indivi-
dualise the treatment in some cases.

Many genes and polymorphisms from different chromoso-
mal regions have been proposed as related to obesity and
body-weight control (Rankinen et al. 2006). Among these,
the IL-6 and PPAR-g genes could be involved in weight regu-
lation (Goyenechea et al. 2005; Sesti et al. 2005). IL-6 is an
important regulator of the acute-phase response that has
been associated with obesity (Trayhurn & Wood, 2005) and
with energy balance (Tsigos et al. 1997); it is released by adi-
pocytes, as well as by other tissues (Trayhurn & Wood, 2004).

Hence, higher circulating levels of this pro-inflammatory cyto-
kine have been reported in obese subjects (Trayhurn & Wood,
2005).

The C-174G functional polymorphism, located in the pro-
moter region of the IL-6 gene, has been found to influence
transcriptional regulation and plasma cytokine levels (Fishman
et al. 1998). Indeed, the polymorphism has been associated
with obesity (Berthier et al. 2003; Wernstedt et al. 2004)
and co-morbidities, such as insulin resistance, hypertension
and CVD (Fernandez-Real et al. 2000a; Humphries et al.
2001; Hamid et al. 2005). Nevertheless, data about the effects
of the polymorphism on pathogenesis of these diseases are still
contradictory (Dedoussis et al. 2004) and long-term interven-
tion programmes have not been carried out.

PPAR-g is a nuclear receptor affecting the transcriptional
process of many target genes to enhance adipocyte differen-
tiation and improve insulin signalling (Auwerx, 1999) which
is involved in the regulation of body weight and other meta-
bolic processes (Marti et al. 2002). The Pro12Ala polymorph-
ism of the PPAR-g2 isoform has been shown to decrease
PPAR-g activity (Hara et al. 2000; Masugi et al. 2000) and
to be associated with higher BMI (Deeb et al. 1998).
In addition, prospective and intervention studies have shown
that the Pro12Ala polymorphism could be associated with
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weight regain after a diet-induced weight loss (Ek et al. 1999;
Nicklas et al. 2001).
Because both PPAR-g2 and IL-6 gene polymorphisms have

been related to weight homeostasis, it has been hypothesised
that carrying conjunctly both variants could have additive
effects on obesity management (Barbieri et al. 2005). Based
on this, the aim of the present study was to evaluate the
effect of IL-6 C-174G and PPAR-g2 Pro12Ala variants on
weight loss and maintenance by means of an intervention
trial and by contacting volunteers again 1 year after the
slimming period.

Subjects and methods

Subjects

Sixty-seven Caucasian obese subjects (BMI 35·8 (SD 4·8)
kg/m2) were recruited to participate in the study (forty-five
women and twenty-two men; age 34·7 (SD 7·0) years). Initial
screening evaluations included a medical history, physical
examination and fasting blood profile, to exclude subjects
with evidence of diabetes, hypertension, liver, renal or hae-
matological disease, or other clinical disorders that could
interfere with the weight-loss process. Other exclusion cri-
teria were weight change .3 kg within the 3 months
before the start of the study, participation in another scien-
tific study up to 30 d before, drug treatment, pregnancy, sur-
gically or drug-treated obesity, alcohol or drug abuse.
After a clear explanation of the study, all subjects gave writ-

ten informed consent to participate, which was previously
approved by the Ethics Committee of the University of
Navarra, in agreement with the Helsinki Declaration.

Study design

All the subjects were enrolled in an initial weight-loss inter-
vention programme with a balanced low-energy diet (LED)
designed to contain 55% energy as carbohydrates, 15% as
proteins and 30% as fat during the 10-week study. Weight
loss was controlled weekly by the dietitian, and the compli-
ance to energy and nutrient intakes by 3 d weighed food
records (two weekdays and one weekend day). Food records
were performed during the week before the beginning of the
intervention (week 21) and during the week before the end
of the nutritional trial (week 7). These data provided
information about baseline intake and the adherence to the

prescribed diets. The energy restriction was 2090 kJ
(500 kcal) less than the resting energy expenditure measured
by indirect calorimetry (Deltatrac; Datex-Ohmeda, Helsinki,
Finland), based on a previously described procedure (Labayen
et al. 2004). The physical activity pattern was not increased
during the weight-loss period, which was assessed and con-
trolled by a trained specialist, based on a validated physical
activity questionnaire (Martinez-Gonzalez et al. 1999).

Anthropometric determinations, body composition and
energy expenditure were measured at baseline and at the
end of the LED following standard procedures (Parra et al.
2005). A blood sample was taken at the beginning of the
study and stored for DNA analysis.

After finishing the dietary intervention, volunteers were
given dietary guidelines to maintain the weight loss but with-
out energy restriction or specific follow-up instructions. They
were contacted to assess weight maintenance and potential
changes in anthropometry measurements and body compo-
sition 1 year after the end of the nutritional intervention
period (Fig. 1). Successful weight-loss maintenance was con-
sidered by using the criterion of ,10% weight regain, accord-
ing to Weinsier et al. (2002).

Anthropometry and body composition

Body-weight measurements were performed using a digital
balance accurate to 0·1 kg (Seca 767; Vogel & Halke,
Hamburg, Germany) and height using a wall-mounted stadi-
ometer (Seca 220, Vogel & Halke). Measurements were car-
ried out on subjects in underwear, after an overnight fast.
BMI was calculated by body weight (kg)/height (m)2. The
waist circumference was measured at the site of the smallest
circumference between the rib cage and the iliac crest, with
the subject in standing position (Parra et al. 2005). Body com-
position was measured by bioelectric impedance (Quadscan
4000, Bodystat, Isle of Man, UK), based on a previously
described procedure (Pérez et al. 2005).

Blood sample analysis

Venous blood samples were drawn after an overnight fast of
12 h for genotyping and circulating levels measurements. Vol-
unteers were genotyped for the IL-6 -174 G . C promoter
polymorphism and for codon 12 Pro/Ala locus of PPAR-g2.
DNA was extracted from leucocytes using a commercial kit
(MasterPureTM; Epicentre, Madison, WI, USA).

Fig. 1. Study design. Subjects (n 67) participated in a low-energy diet (LED) intervention during 10 weeks, and they were assessed for weight maintenance 1 year

later.
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A 198-bp fragment of the IL-6 gene was generated from
genomic DNA by using a PCR procedure with forward
primer 50-TGACTTCAGCTTTACTCTTTGT-30 and reverse
primer 50-CTGATTGGAAACCTTATTAAG-30 as reported
(Fernandez-Real et al. 2000b). The PCR products were
digested with SfaNI restriction enzyme at 378C for 90min
and electrophoresed on a 2% agarose gel. The products
after digestion were 140 and 58 bp for G/G homozygotes,
198 bp for C/C homozygotes and 198, 140 and 58 bp for
G/C heterozygotes. CC and GC genotypes were grouped and
are indicated as C carriers (C þ ) and the GG genotype was
named as C non-carrier (C 2 ).

A 270-bp fragment of the PPAR-g2 gene was generated
from genomic DNA by using PCR with forward primer 50-
GCCAATTCAAGCCCAGTC-30 and mutagenic reverse
primer 50-GATATGTTTGCAGACAGTGTATCAGTGAAG-
GAATCGCTTTCCG-30, the latter of which introduces a
BstU-I restriction site when the C ! G substitution at nucleo-
tide 34 is present in relation to the Pro12Ala polymorphism
(Yen et al. 1997). The PCR products were digested with
BstU-I restriction enzyme at 608C for 90min and electrophor-
esed on a 2% agarose gel. The products after digestion were
270 bp for P/P homozygotes, 227 and 43 bp for A/A homozy-
gotes and 270, 227 and 43 bp for P/A heterozygotes. Ala/Ala
and Pro/Ala genotypes were grouped and are indicated as Ala
carriers (Ala þ ), while the Pro/Pro genotype was named as
Ala non-carrier (Ala 2 ). In order to assure the correct detec-
tion of the selected genetic variants, one of three randomised
sample and all the homozygotes for the single nucleotide poly-
morphisms were assessed in duplicate.

Serum levels of leptin, IL-6, TNF-a, and C-reactive protein
were analysed at the end of the study (week 62) by Luminex
(Linco Researchers, St Charles, MO, USA) using a LINCO-
plex human kit (Linco Researchers).

Statistical analysis

The Kolmovorov–Smirnov and the Shapiro–Wilk tests were
used to determine variable distribution. Changes in weight
loss were evaluated and compared between groups with
paired t tests and with ANOVA, when distribution of variables
was parametric. The Kruskal-Wallis, the Wilcoxon for
matched pairs, the Mann–Whitney U tests and Friedmann
analysis for repeated measurements were performed to analyse
non-parametric data between groups at all the times of the
study.

Spearman’s correlation coefficient was calculated to deter-
mine relationships between variables. A x2 test was used to
evaluate the Hardy–Weinberg equilibrium and a Fisher’s
exact test to analyse the frequency distribution of the geno-
types on weight-maintenance period. Resting energy expendi-
ture was adjusted for fat-free mass and changes in body weight
were adjusted for baseline weight by the residuals method.
The CV of the weight maintenance was calculated as the quo-
tient between the standard deviation and the mean, and
expressed as %. A logistic regression analysis was applied
to assess the potential relationship between both variants of
the polymorphisms in body-weight regulation, considering
the 10% weight regain as the cut-off.

Results are reported as mean values and SD while the two-
sided statistical significance was set at P,0·05. Statistical

analysis was performed using the SPSS 11.0 program for Win-
dows XP (SPSS Inc., Chicago, IL, USA).

Results

Genotype distribution

The frequency distribution of C allele of the IL-6 -174 G . C
polymorphism in the participating volunteers was 40·2%. The
frequency of GG, GC and CC genotypes was 31·3, 56·7 and
11·9%, respectively. Genotype distribution did not differ
from that expected by the Hardy–Weinberg equation
(P.0·05). With respect to the PPAR-g2 gene polymorphism,
the frequency of the Ala allele in subjects was 12·1%. The fre-
quency of Pro/Pro, Pro/Ala and Ala/Ala genotypes was 77·3,
21·1 and 1·5% respectively. The observed genotypes and
allele distribution were also in Hardy–Weinberg equilibrium
(P.0·05) for this gene.

Response to low-energy diet depending on the genetic variants

Volunteers were categorised as subjects with no variants (C 2 ,
Ala 2 ), IL-6 variant only (C þ , Ala 2 ) and with both IL-6
and PPAR-g2 variants (C þ , Ala þ ). There was only one sub-
ject with the PPAR-g2 variant only (Ala þ , C 2 ), so he was
not included in the analysis (Table 1). No statistical differences
were observed in initial body weight (Fig. 2), or in other
anthropometric and body composition variables (Table 1),
depending on the genetic variants at baseline. The energy-
restricted intervention induced a statistical reduction
(P,0·05) in these variables in all experimental groups
(Table 1). In fact, all volunteers lost weight after the LED
(Fig. 2) with no statistical differences between groups (no var-
iants28·7 (SD 3·2) kg, IL-6 variant only28·4 (SD 3·0) kg, both
variants 29·2 (SD 4·4) kg; P¼0·456). A possible different
effect on body composition (fat v. fat-free mass) was found
depending on the genotype (Table 1). Initial body weight did
not affect the response to dietary treatment, with no differences
between genetic variant groups (P¼0·870).

Resting energy expenditure adjusted for fat-free mass
was no different between groups (no variants 7355 (SD 936)
kJ/d, IL-6 variant only 7599 (SD 568) kJ/d, both variants
7658 (SD 669); P¼0·406).

The effect of gene variants on weight maintenance

The evaluation of anthropometric and body composition
values was considered as the difference between each vari-
able 1 year after finishing the LED intervention and the
measurement at the endpoint (10 weeks) of the nutritional
intervention (Table 1). Taking into account all the nutrition-
ally treated volunteers, weight maintenance showed a high
variability (0·93 (SD 7·15) kg; CV 770%). Among these,
subjects with no variants tended to regain more weight
(þ2·06 (SD 6·4) kg) than subjects with the IL-6 variant
only (þ1·29 (SD 8·3) kg) but without statistical significance
(P¼0·730). In contrast, subjects with both variants
(21·49 (SD 5·3) kg) tended to maintain the weight loss
(P¼0·054) as compared with subjects carrying no variants
(Fig. 2). Indeed, subjects with both variants (Table 1) main-
tained better the loss of body fat in relation to subjects
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carrying no variants (22·2 (SD 4·3) v. þ0·9 (SD 4·1) kg;
P¼0·072).

Involvement of the interleukin-6 and peroxisome-proliferator-
activated-receptor-g2 variants on weight regain

Body-weight maintenance was evaluated by using the criterion
of 10% weight regain 1 year after the end of the diet interven-
tion (Table 2). Analysing anthropometric and body compo-
sition indicators depending on weight maintenance,
successful subjects who maintained the weight loss had

statistically lower (P,0·05) values, although fat-free mass
did not differ (P¼0·927) between groups (Table 2). Serum
levels of the pro-inflammatory markers IL-6 and C-reactive
protein were significantly lower in subjects who maintained
the weight loss at the end of the study (Table 2), and were
both correlated (r 0·33; P¼0·011), while no differences were
observed in TNF-a serum levels (Table 2). Moreover, success-
ful subjects in weight maintenance had significantly lower
serum levels of leptin (P¼0·026). As expected, leptin corre-
lated with fat mass (r 0·69; P,0·01), but also with circulating
C-reactive protein (r 0·50; P,0·01).

Genotype frequency distributions of IL-6 and PPAR-g2
polymorphisms were analysed separately according to
weight-maintenance criteria (Table 3). With respect to the
involvement of the IL-6 polymorphism on weight control, stat-
istical differences (P¼0·032) were observed in frequency dis-
tribution for those individuals carrying the C allele as
compared with volunteers without cytosine in this gene
region (Table 3). The frequency distribution of the PPAR-g2
genotypes did not reach statistical significance (P¼0·125),
although subjects with the presence of the Pro allele tended
to regain weight. No statistical differences were found in the
circulating levels of pro-inflammatory markers between poly-
morphism genotypes (P.0·05).

Taking into account the differences in frequency distri-
bution, a binary logistic regression analysis was carried out
to further analyse the effect of the polymorphisms on weight
maintenance 1 year after the end of the LED treatment.
None of the variables studied (age, sex and baseline body
weight), instead of gene polymorphisms, were predictors of
the weight maintenance, so they were not included in the
logistic model (Table 4).

Interestingly, when the association between the -174G . C
polymorphism and the protection against weight regain was

Fig. 2. Evolution of body-weight reduction produced by the low-energy diet

(LED) depending on genetic variants of IL-6 and PPAR-g2: no variants (C–,

Ala–; --W--), IL-6 variant only (C þ , Ala–; –X–);both variants (C þ , Ala þ ;

–O–). * For the three variant groups, mean values were significantly different

between baseline and endpoint of the LED (P,0·05). † For the three variant

groups, mean values were significantly different between baseline and 1 year

after the end of the LED (P,0·05). Friedmann analysis indicated statistical

significance for the global slimming process in each group (P,0·001).

Table 1. Anthropometric and body composition changes in response to a low-energy diet and after the
weight-maintenance period, depending on genetic variants of interleukin-6 and peroxisome proliferator-acti-
vated receptor-g2: no variants (C 2 , Ala 2 ), IL-6 variant only (C þ , Ala 2 ) and both variants (C þ ,
Ala þ )

(Mean values and standard deviations)

No variants
(n 19)

IL-6 variant only
(n 32)

Both variants
(n 15)

Mean SD Mean SD Mean SD Kruskal–Wallis (P value)

BMI (kg/m2)
Baseline 35·6 5·4 36·0 4·7 35·8 4·8 0·973
Endpoint 32·6* 5·3 33·1* 4·8 32·5* 4·9 0·914
After 1 year 33·4‡ 5·8 33·6‡ 6·2 32·3‡ 4·7 0·911

Waist circumference (cm)
Baseline 102·2 14·6 104·4 12·1 102·4 10·0 0·783
Endpoint 94·5* 12·2 97·2* 11·9 94·1* 9·5 0·606
After 1 year 95·7‡ 9·7 97·7‡ 14·0 94·0‡ 7·6 0·746

Fat mass (kg)
Baseline 39·7 12·0 40·8 11·7 38·1 11·6 0·768
Endpoint 32·7* 11·4 34·2* 11·3 31·2* 12·5 0·705
After 1 year 33·6‡ 13·4 33·5‡ 14·2 29·0†‡ 8·8 0·326

Fat-free mass (kg)
Baseline 56·4 10·3 58·0 12·0 59·8 14·7 0·720
Endpoint 54·6* 9·6 56·2* 12·3 57·6* 14·0 0·763
After 1 year 55·7 9·6 58·2† 13·0 59·1† 16·9 0·877

* Mean value at baseline was significantly different from that at the endpoint of the low-energy diet (P,0·05).
† Mean value at endpoint was significantly different from that 1 year after the end of the low-energy diet (P,0·05).
‡ Mean value at baseline was significantly different from that 1 year after the low-energy diet (P,0·05).
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considered, the odds ratio was 0·24-fold for weight mainten-
ance of subjects with the presence of the C allele when com-
pared with those within the allele (Table 4). The Pro12Ala
polymorphism of the PPAR-g2 gene itself was not considered
as a predictor of the weight maintenance, based on the logistic
analysis (P¼0·151). In contrast, when PPAR-g2 was added to
the IL-6 model, the odds ratio further improved, being 0·19-
fold for weight maintenance of those subjects carrying both
gene variants (Table 4).

Discussion

Difficulties concerning weight maintenance after weight loss
induced by hypoenergetic diets are a major problem that a
number of studies are trying to characterise and manage
(Weinsier et al. 2002; Vogels et al. 2005a; Wing & Phelan,
2005). Some of the strategies to improve weight maintenance
are nowadays focused on considering together the genetic
make up and its interaction with dietary intake (Marti et al.
2004; Vogels et al. 2005b). In this context, we evaluated the
effect of the -174 . C polymorphism of the IL-6 and the
Pro12Ala of PPAR-g2 genes as well as their potential
interaction on weight maintenance in obese patients pre-
viously treated with a hypoenergetic diet to produce weight
loss.

First, we tested the genotype distribution of the polymorph-
isms in volunteers, being the frequency of the -174C and

12Ala alleles similar to previously published values in other
Caucasian populations (Deeb et al. 1998; Fishman et al.
1998; Humphries et al. 2001). Indeed, other Spanish data
revealed a frequency distribution of IL-6 (Vozarova et al.
2003) and of PPAR-g2 (Ochoa et al. 2004) polymorphisms
in agreement with our observations.

Based on these concordances, we assumed the sample as
representative and evaluated the potential effect of both poly-
morphisms on body composition and on the slimming process.
Initial weight, which could be an important factor in the
response to the treatment, was not a determinant variable in
the present study. This observation could be due to the homo-
geneous sample studied. Indeed, body weight was uniformly
distributed between genetic variants and adiposity was similar
in all the included subjects at baseline.

According to previously published reports (Lindi et al.
2001; Lieb et al. 2004), no differences were observed at base-
line on body composition or on the weight-loss process. In
contrast, other studies have suggested a role for IL-6 (Kubas-
zek et al. 2003; Sesti et al. 2005) and PPAR-g2 (Deeb et al.
1998; Lindi et al. 2002) on body-weight homeostasis. For
the IL-6 polymorphism, most of the published articles have
related the C allele with a higher BMI (Wernstedt et al.
2004), lower energy expenditure (Kubaszek et al. 2003) and
a worse response to weight loss (Sesti et al. 2005). On the con-
trary, the G allele has been related to higher values of some
parameters associated with obesity (Dedoussis et al. 2004).

Table 2. Anthropometry, body composition and circulating levels of inflammatory biomarkers depending on the weight-maintenance criterion at 1 year
after the end of the low-energy diet (regain less than 10 % body weight)

(Mean values and standard deviations)

Subjects with weight regain Subjects with weight-loss

Final data at 1 year after
(n 42) maintenance (n 25)

Mann–Whitney
the acute slimming period Mean SD Mean SD U test (P value)

Weight (kg) 93·7 15·1 84·3 14·1 0·022
BMI (kg/m2) 35·0 5·7 30·4 4·3 0·001
Waist circumference (cm) 99·5 11·4 90·8 9·7 0·020
Fat mass (kg) 36·0 13·8 25·5 8·5 0·001
Fat-free mass (kg) 57·5 12·6 57·9 13·4 0·927
Leptin (ng/ml) 26·5 18·7 17·7 19·1 0·026
IL-6 (pg/ml) 7·5 6·3 5·1 1·9 0·041
C-reactive protein (mg/ml) 8·2 8·1 3·7 4·3 0·017
TNF-a (pg/ml) 3·3 1·2 3·8 1·7 0·309

Table 3. Differences in frequency distribution of the subjects taking into account the genotypes and the criterion of 10 % weight
maintenance 1 year after the end of the nutritional intervention

Subjects with
weight-loss

maintenance
Subjects with
weight regain

Fisher’s exact
test (P value)Gene variants n % n %

IL-6 frequency distribution
GG (n 21) 4 16 17 40 0·032
GC þ CC (n 46) 21 84 25 60

PPAR-g2 frequency distribution
ProPro (n 52) 17 68 35 83 0·125
ProAla þ AlaAla (n 15) 8 32 7 17
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In the case of the PPAR-g2 Ala allele, it has been associ-
ated with both higher (Beamer et al. 1998) and lower (Deeb
et al. 1998) BMI. This polymorphism has been mostly
associated with insulin resistance, although some contradic-
tory results are found in the literature (Mancini et al. 1999).
Reasons for the discrepancies in the effects of both variants

may be due to differences in populations, ethnic aspects and
applied treatments, as well as the design of the weight-loss
intervention programme. Moreover, interactions between gen-
etic heterogeneity and environmental factors may be taken
into account to adequately interpret the outcome of these
trials (Marti et al. 2004).
In order to test the effect of the polymorphisms on weight

control, the volunteers were studied depending on success in
weight maintenance 1 year after the end of the nutritional
intervention. Based on the criterion of Weinsier et al.
(2002), a success in weight maintenance was considered
using the cut-off of , 10% weight regain. This criterion
was previously applied to evaluate the relationship between
weight maintenance and polymorphisms, such as glucocorti-
coid receptor, ciliary neurotrophic factor and PPAR-g2 poly-
morphisms (Vogels et al. 2005b). Thus, we found that the
frequency of the C allele of the IL-6 polymorphism was evi-
dently higher in subjects with successful weight maintenance,
in which the measured pro-inflammatory markers were lower.
This fact could be associated with a better response to weight
maintenance, considering the recently described association
between a high pro-inflammatory status and the risk of obesity
and the development of its co-morbidities (Moreno-Aliaga
et al. 2005).
As mentioned earlier, some studies have found a partici-

pation of the -174G . C polymorphism on weight loss
(Poitou et al. 2005; Sesti et al. 2005), although the association
of this variant with long-term weight maintenance has appar-
ently not been studied yet. The present study evidenced a pro-
tective effect of the IL-6 C allele against weight regain after a
weight loss induced by a LED. Functional studies have not
fully elucidated the biological role of the -174G . C substi-
tution, but the involvement of IL-6 on weight regulation,
and specifically on weight maintenance, could be partially
explained by the relationship between IL-6 and the inflam-
mation status of the adipocyte, which could affect weight con-
trol (Mohamed-Ali et al. 1997). On the other hand, the central
effect of IL-6 on energy expenditure regulation could also
affect weight control (Kubaszek et al. 2003).

Concerning the PPAR-g2 polymorphism, previous studies
have analysed the effect of carrying the variants on weight
regulation. Prospective and intervention studies have shown
that the AlaAla genotype is associated with weight regain
after a diet-induced slimming (Lindi et al. 2002), showing
an indirect relationship with weight maintenance (Vogels
et al. 2005b), in agreement with the results that we obtained
for this gene variant. Functional studies of the Pro12Ala var-
iant have shown that the Ala allele is associated with a
reduced capacity to activate transcription and mediate adipo-
genesis, as a result of a lower binding affinity and a reduced
ability to transactivate promotors (Deeb et al. 1998; Masugi
et al. 2000). Thus, it is possible that weight maintenance
may result in less efficient stimulation of PPAR-g2 target
genes in subjects with the Pro allele, causing less adipogenesis
and protecting against body-weight regain.

Recently, an interaction between IL-6 and PPAR-g2 gene
polymorphisms and an increased risk to develop obesity has
been demonstrated, in which subjects carrying both variants
(C þ , Ala þ ) have a less favourable profile to obesity
(Barbieri et al. 2005). In agreement with these authors and
with the perspective of a longitudinal trial, the present study
suggests a synergetic effect on protection against weight
regain for subjects carrying both variants (C þ , Ala þ ). Fur-
thermore, a different change in fat and fat-free mass was noted
depending on the studied polymorphisms, which may be
related to a specific effect of these two body components
since protein deposition is more energetically expensive than
fat accumulation.

At the moment, there is not a clear explanation about the
mechanisms by which PPAR-g2 and IL-6 gene polymorph-
isms interact in reducing the weight regain. However,
weight regain could be attributed to the effect that both
genes produce on adipose tissue: IL-6, as a pro-inflammatory
cytokine (Fantuzzi, 2005) and PPAR-g as a transcription
factor involved in adipogenesis and in the regulation of adipo-
cyte gene expression (Wu et al. 1995). Furthermore, these
single gene variant mutations could act through convergent
pathways to produce synergetic effects on weight regulation
(Barbieri et al. 2005). In fact, PPAR-g activators have been
shown to directly inhibit the activation of IL-6 and other cyto-
kines by negatively interfering with NF-kB, STAT and AP-1
signalling pathways (Jiang et al. 1998; Ricote et al. 1998).

One limiting aspect of the present study could be the sample
size, which is comparable with other long-term intervention
trials (Nicklas et al. 2001; Halverstadt et al. 2005), but the
fact that statistical differences were found suggests that the
statistical error type b is not occurring (Lachin, 2005).

In conclusion, the present study demonstrates that the C
allele of the IL-6 -174 G . C polymorphism gives protection
against weight regain after obesity nutritional therapy, and the
presence of the Ala allele of the PPAR-g2 together with the C
allele strengthens the weight-maintenance status. These obser-
vations could contribute in providing knowledge for diagnosis
and designing specific nutritional treatment of obesity based
upon the individual genotype.
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