
 

 

 

The interaction between inflammatory properties of
diet and genetic variation in body weight regulation
Citation for published version (APA):

Freitag, H. (2021). The interaction between inflammatory properties of diet and genetic variation in body
weight regulation. [Doctoral Thesis, Maastricht University]. Penerbit Andi.
https://doi.org/10.26481/dis.20211209hm

Document status and date:
Published: 01/01/2021

DOI:
10.26481/dis.20211209hm

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 13 Mar. 2024

https://doi.org/10.26481/dis.20211209hm
https://doi.org/10.26481/dis.20211209hm
https://cris.maastrichtuniversity.nl/en/publications/e3ebd9c7-e6eb-4680-86e7-1180012d85c5


THE INTERACTION BETWEEN 
INFLAMMATORY PROPERTIES OF DIET AND 

GENETIC VARIATION IN 
BODY WEIGHT REGULATION

Harry Freitag Luglio Muhammad

PENERBIT ANDI



THE INTERACTION BETWEEN INFLAMMATORY PROPERTIES OF DIET AND GENETIC 
VARIATION IN BODY WEIGHT REGULATION
Oleh :  Harry Freitag Luglio Muhammad

Hak Cipta ©2021 pada penulis
Editor  : Erang Risanto
Setter  : Vanio Praba 
Desain Cover  : Andang Suhana
Korektor  : Robertus Ari

Hak Cipta dilindungi undang-undang.
Dilarang memperbanyak atau memindahkan sebagian atau seluruh isi buku ini dalam 
bentuk apa pun, baik secara elektronis maupun mekanis, termasuk memfotokopi, merekam 
atau dengan sistem penyimpanan lainnya, tanpa izin tertulis dari penulis.

Diterbitkan oleh Penerbit ANDI (Anggota IKAPI)
Jl. Beo 38-40, Telp. (0274) 561881 (Hunting), Fax (0274) 588282 Yogyakarta 55281

Percetakan : CV ANDI OFFSET

Jl. Beo 38-40, Telp. (0274) 561881 (Hunting), Fax (0274) 588282 Yogyakarta 55281

Muhammad, Harry Freitag Luglio 
THE INTERACTION BETWEEN INFLAMMATORY PROPERTIES OF DIET AND GENETIC 
VARIATION IN BODY WEIGHT REGULATION/ Harry Freitag Luglio Muhammad
– Ed. I. –  Yogyakarta: ANDI;
30 – 29 – 28 – 27 – 26 – 25 – 24 – 23 – 22 – 21     
x + 134 hlm.; 16x23 cm.
10     9       8       7       6       5       4      3      2       1
ISBN: 978-623-01-1893-7 
 
I.   Judul
    1. Dietetics

  DDC’23 : 613.2



THE INTERACTION BETWEEN 
INFLAMMATORY PROPERTIES OF DIET AND 

GENETIC VARIATION IN 
BODY WEIGHT REGULATION

DISSERTATION

To obtain the degree of Doctor at the Maastricht University, on the authority of the 
Rector Magnifi cus, Prof. dr. Rianne M. Letschert, in accordance with the decision 

of the Board of Deans, to be defended in Public on Thursday 9 December 2021, at 
10.00 hours.

By
 

Harry Freitag Luglio Muhammad
Born July 11, 1986, Dili, Timor Leste



PhD Candidate 
Harry Freitag Luglio Muhammad

Supervisor
Prof. dr. M. A van Baak
Prof. dr. E. C. M. Mariman

Assessment CommiƩ ee
Prof. dr. E.E. Blaak, Maastricht University
Prof. dr. J. Plat, Maastricht University
Prof. dr. A. Salis, University of Western Australia
Dr. ir. R. SƟ enstra, Wageningen University and RadboudMC

The PhD has been supported by various of Travel and Research Grants 
 ▪ Scope School Scholarship, World Obesity FederaƟ on
 ▪ NuGO Student Exchange Grant
 ▪ European AssociaƟ on for the Study Obesity Travel grant



This thesis is dedicated to all disadvantaged kids with 

a dream to make a diff erence in the world. 



THE INTERACTION

BODY WEIGHT REGULATION

BETWEEN INFLAMMATORY 

PROPERTIES OF DIET AND 

GENETIC VARIATION IN



ABSTRACT
Infl ammaƟ on might play a part in body weight regulaƟ on. Previous studies showed 
that circulaƟ ng infl ammatory markers, infl ammatory properƟ es of the diet, and 
geneƟ c variaƟ on in infl ammatory markers are associated with obesity. To date, it is 
not known whether the interacƟ on between infl ammaƟ on and obesity could also be 
evaluated in the context of weight change during and aŌ er a weight loss program and 
whether diet might infl uence this associaƟ on. 

The general objecƟ ve of this thesis was to evaluate the infl uence of diet 
and infl ammatory gene variaƟ ons on infl ammaƟ on and body weight changes in 
obesity. The objecƟ ve was specifi ed into 4 aims: 1) To evaluate the associaƟ on of the 
infl ammatory properƟ es of the diet with weight regain aŌ er a weight loss program 
as well as with the risk for obesity in a populaƟ on-based study; 2) To develop a 
new low calorie dietary regime with low infl ammatory property (LCID) for weight 
loss and evaluate the associaƟ on between the infl ammatory properƟ es of the diet 
and weight regain; 3) To examine the infl uence of infl ammatory gene variaƟ ons on 
the associaƟ on between obesity and infl ammaƟ on; 4) To evaluate the interacƟ on 
between infl ammatory gene variaƟ ons and diet composiƟ on and its eff ect on weight 
regain aŌ er weight loss.

We showed that the infl ammatory property of the diet is associated with 
adipose Ɵ ssue infl ammaƟ on, marked by lepƟ n concentraƟ on. In a weight loss 
program, we reported that the infl ammatory property of the diet parƟ ally explains 
the variaƟ on in weight regain following weight loss. The modifi caƟ on of a standard 
low-calorie diet (LCD) for weight loss to lower its infl ammatory properƟ es (LCID), 
reduces hs-CRP compared to the LCD, but does not infl uence changes TNF-alpha, IL-
6, or weight. However, the LCID had a posiƟ ve impact on improving genomic health 
by elongaƟ on of relaƟ ve telomere length. We showed that variaƟ ons in the genes for 
infl ammaƟ on markers such as CRP, TNFA, and IL6 infl uenced the correlaƟ on between 
obesity and infl ammaƟ on. VariaƟ ons in these genes also infl uenced the correlaƟ on 
between diet composiƟ on and weight regain following weight loss. All in all, these 
data support the hypothesis that infl ammaƟ on plays a role in the regulaƟ on of body 
weight. This eff ect is either direct or indirect through interacƟ on with dietary intake.
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INTRODUCTION 
Obesity aff ects millions of adults and it not only occurs in developed naƟ ons 

but also in developing naƟ ons [1]. It is responsible for an increasing economic and 
health burden due to its contribuƟ on to the increased risk of non-communicable 
diseases [1,2]. Obesity is the result of a long-term or intermiƩ ent posiƟ ve energy 
balance. This posiƟ ve energy balance is usually due to the combinaƟ on of a high 
energy intake and low physical acƟ vity [3]. A combinaƟ on of a low-calorie diet and 
exercise is benefi cial to induce weight loss among individuals with overweight and 
obesity [4]. However, studies also show that aŌ er weight loss through tradiƟ onal 
lifestyle modifi caƟ on, which includes a low calorie diet, weight regain frequently 
occurs [5-8]. Thus, invesƟ gaƟ on of factors that  infl uence weight gain following a 
successful weight loss is needed (Figure 1.1).

Figure 1.1. Weight regain commonly occurs following weight loss. Several factors were reported to 
infl uence this phenomenon, including genetics, hormones, diet pattern, and other lifestyle factors.

Weight loss in individuals with obesity is associated with an increment in 
adipose Ɵ ssue stress and infl ammaƟ on [9,10]. InteresƟ ngly, the change of expression 
of genes associated with adipose Ɵ ssue infl ammaƟ on in the fi rst weeks aŌ er weight 
loss is signifi cantly correlated with weight regain aŌ er weight loss [9,10]. These 
fi ndings are also supported by another study showing that infl ammatory markers 
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before weight loss can predict individual resistance towards a weight loss program as 
well as weight regain following weight loss [11]. Because previous reports have shown 
the potenƟ al role of infl ammaƟ on in regulaƟ ng body weight, reducing infl ammaƟ on 
might be an important component of a sustainable weight loss program. 

INFLAMMATION AND OBESITY: ONE COIN WITH 2 SIDES
Obesity has been associated with increased systemic and adipose Ɵ ssue infl ammaƟ on. 
The excess of adipose Ɵ ssue is associated with immune cell infi ltraƟ on and higher 
producƟ on of pro-infl ammatory cytokines [12]. In addiƟ on, there is a remarkable 
reducƟ on in anƟ -infl ammatory immune cells in adipose Ɵ ssue of individuals with 
obesity. This combinaƟ on leads to an increment of the infl ammatory state of the 
adipose Ɵ ssue as well as in the circulaƟ on [12]. Studies from a broad range of 
populaƟ ons have reported that systemic pro-infl ammatory markers, such as high 
sensiƟ ve C-reacƟ ve protein (hs-CRP), are higher among individuals with obesity [13]. 
In addiƟ on, several reports suggested that weight loss is associated with a reducƟ on 
in hs-CRP [14-16]. 

InteresƟ ngly, fi ndings from recent decades indicated that infl ammaƟ on might 
also induce obesity and weight gain. First, in a cohort study conducted among 5,062 
adult women living in Italy, it was shown that hs-CRP was a predictor of weight gain. 
Women with a hs-CRP concentraƟ on above the median value had a higher risk to 
increase body weight >14 kg within 20 years [17]. Second, observaƟ onal studies 
across diff erent populaƟ ons showed that variaƟ ons in pro-infl ammatory genes such 
as TNFA, CRP, and IL6 were associated with the risk of obesity [18-20]. Lastly, in a 
weight loss program, higher baseline infl ammaƟ on markers were associated with 
weight loss resistance and higher risk of weight regain [11].

DIET, INFLAMMATION, AND OBESITY
Infl ammaƟ on is a biological process which involves a variety of cells including 
immune cells and internal organs. Infl ammaƟ on plays a crucial part in the host 
defense system against pathogens [21]. In the last few decades, it has become clear 
that infl ammaƟ on is also an important component of the physiological processes, 
including the body repair system [22] as well as inter-organ communicaƟ on [23]. 
Recent scienƟ fi c developments suggest that infl ammaƟ on is involved in the 
pathophysiological process of non-communicable diseases such as atherosclerosis, 
dyslipidemia, and insulin resistance [24]. In addiƟ on, infl ammaƟ on is also shown to 
infl uence genomic health by reducing telomere length [25] and mitochondrial DNA 
copy number [26]. These alteraƟ ons are important links between infl ammaƟ on and 
the development of chronic diseases [24]. 
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In fl ammaƟ on is infl uenced by environmental (e.g., lifestyle, diet, physical 
acƟ vity) factors [27]. It has been reported that the dietary paƩ ern aff ects circulaƟ ng 
infl ammatory markers in adults [28]. There are several tools to assess the infl ammatory 
properƟ es of the diet, such as the dietary infl ammatory index (DII) [29], the dietary 
infl ammaƟ on score [30], and the food-based index of dietary infl ammatory potenƟ al 
[31]. PopulaƟ on-based studies in recent years have reported that those scores are 
associated with systemic infl ammaƟ on [30-33]. A recent meta-analysis showed that 
a higher DII was associated with increased body mass index and risk for obesity [34], 
suggesƟ ng that dietary paƩ erns which increase infl ammatory markers, could also 
increase the risk for obesity (Figure 1.2).

 

Figure 1.2. Theoretical framework of the interaction between diet and genes on infl ammation 
and its impact on weight regain. During a weight loss program, adipose tissue shrinks and releases 
infl ammatory and stress signals locally and into the blood (below). This is one of the factors that may 
lead to weight regain after weight loss. There are several factors that infl uence the adipose tissue 
infl ammation response to weight loss, including diet and genetics (above). Those factors might interact, 
leading to variation in weight changes following the weight-loss period.
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In the calculaƟ on of DII, the intake of nutrient and non-nutrient components of 
the diet are calculated and compiled into an index. Components with pro-infl ammatory 
acƟ vity (such as energy, saturated fat, and trans fat) will add to the score, while 
components with anƟ -infl ammatory properƟ es (such as vitamin C, magnesium, and 
folate) will reduce the score. AŌ er those components are summarized, individuals 
with the higher score tend to have more circulaƟ ng infl ammatory markers while 
individuals with a lower score tend to have less [29]. 

Increased infl ammaƟ on might play a role in the disrupƟ on of several 
molecular signatures such as mitochondrial function and telomere length. Increased 
inflammation is associated with the reduction of mitochondrial DNA copy number 
(mtDNA-CN), an indicator of mitochondrial biogenesis and funcƟ on [35]. In addiƟ on, 
increased infl ammaƟ on is associated with more extensive shortening of telomere 
length [36,37]. InteresƟ ngly, it also has been shown that mtDNA-CN and RTL are 
related to weight gain [38,39]. Thus, it might be argued that mtDNA-CN and RTL are 
infl uenced by systemic infl ammaƟ on due to increased adiposity.

GENES, INFLAMMATION, AND OBESITY
In addiƟ on to the environment, infl ammaƟ on can also be infl uenced by geneƟ c factors. 
PopulaƟ on-based studies revealed that certain variaƟ ons in pro-infl ammatory genes 
are associated with increased infl ammaƟ on. Gene variaƟ ons in TNFA, IL6, and CRP 
have been associated with interindividual diff erences in proneness to infl ammaƟ on 
due to higher circulatory concentraƟ on of TNF-alpha, IL-6, and hs-CRP, respecƟ vely 
[40-42]. Furthermore, those gene variaƟ ons were also reported to be associated 
with increased risk of obesity [18-20]. This suggests that the risk of obesity can be 
modulated by variaƟ ons in genes involved in the infl ammaƟ on process. 

THE INTERACTION BETWEEN GENETIC VARIATION AND DIET AND OBESITY
The mechanism underlying how gene variaƟ ons in infl ammaƟ on genes infl uence 
the risk of obesity is not well understood. Joff e et al. [43] suggested that dietary 
intake and variaƟ ons in TNFA and IL6 genes interact to infl uence obesity and its co-
morbidiƟ es. For example, among those with the A allele of the TNFA –308 G > A gene 
variaƟ on (rs1800629), higher dietary fat intake was associated with a greater risk for 
obesity compared to those without the A allele (GG). This might explain diff erences 
in the individual capaciƟ es to increase or reduce infl ammaƟ on due to a specifi c 
dietary regime because of their geneƟ c make-up.
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GAP OF KNOWLEDGE
It has previously been shown that the infl ammatory properƟ es of the diet are 
associated with risk of obesity [34]. However, it is not known whether this also 
applies to the context of weight change during and aŌ er a weight loss program. 
Further, studies also reported that gene variaƟ ons in infl ammaƟ on markers are 
associated with obesity [19,20]. Nevertheless, it is not clear if and how infl ammaƟ on 
could regulate body weight and whether the gene variaƟ ons have an impact on the 
interacƟ on between diet and infl ammaƟ on. The studies in this thesis tried to expand 
knowledge on some of these issues. 

AIMS AND OUTLINE OF THE THESIS
Weight regain following weight loss is a major concern in obesity treatment, thus a 
beƩ er dietary approach to prevent weight regain is warranted. It has previously been 
shown that infl ammaƟ on plays a role in the development of obesity as well as in the 
individual response to a weight loss program. Since diet is an important factor that 
aff ects systemic infl ammaƟ on, it seems obvious to evaluate the associaƟ on between 
the infl ammatory property of diet and weight changes during and aŌ er a weight 
loss program or with adiposity in a populaƟ on-based study. It might be important 
to develop a weight loss program with the aim to not only reduce calorie intake 
but also infl ammaƟ on. As gene variaƟ ons in infl ammaƟ on markers play a role in the 
development of obesity, studying the potenƟ al interacƟ on between gene variaƟ ons 
(TNFA, IL6, and CRP) and diet may help to explain the interindividual variaƟ ons in 
body weight loss and weight regain.  

The general objecƟ ve of this study was to evaluate the infl uence of diet and 
gene variaƟ ons on infl ammaƟ on and body weight. The objecƟ ve is specifi ed into 
4 aims: 1) To evaluate the associaƟ on between the infl ammatory property of diet 
and weight regain aŌ er a weight loss program as well as the risk for obesity in a 
populaƟ on-based study; 2) To develop a new dietary regime with low calorie - low 
infl ammatory properƟ es for weight loss and evaluate its impact on weight loss and 
regain; 3) To examine the infl uence of gene variaƟ ons on the correlaƟ on between 
obesity and infl ammaƟ on; 4) To evaluate the relaƟ on between gene-diet interacƟ on 
and weight regain aŌ er weight loss.

In Chapter 2, we provide insight in how infl ammatory properƟ es of the diet (DII) 
could aff ect adiposity measures and lepƟ n, a marker for adipose Ɵ ssue infl ammaƟ on 
in a cross-secƟ onal study among Indonesian adults. A further invesƟ gaƟ on was done 
to evaluate whether the infl ammatory properƟ es of the diet aff ected weight changes 
following a weight loss program in parƟ cipants of the Dutch YoYo study (Chapter 3).

In Chapter 4, we studied a new dietary regime for a weight loss program 
called low calorie low infl ammatory diet (LCID) in Indonesian adults with overweight 
or obesity. The aim of LCID was not only to induce a negaƟ ve energy balance but 
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also to reduce infl ammaƟ on during a weight loss program. We further invesƟ gated 
the eff ect of LCID in Chapter 5. In this chapter, we evaluated the eff ect of the new 
dietary regime on genome health as marked by relaƟ ve telomere length (RTL) and 
mitochondrial DNA copy number (mt-DNA CN) in the weight loss study in Indonesian 
adults with overweight or obesity.

In Chapter 6 we studied the infl uence of variaƟ ons in infl ammatory genes 
(TNFA, IL6, and CRP) on systemic infl ammaƟ on, marked by hs-CRP, and on adiposity 
measures in a cross-secƟ onal study among adults living in North-East England. To 
confi rm fi ndings reported in Chapter 6, an addiƟ onal analysis with similar genotypes 
was done to evaluate the infl uence of variaƟ ons in infl ammaƟ on genes (TNFA, 
IL6, and CRP) on the connecƟ on between diet and weight changes aŌ er a weight 
loss program in the DiOGenes study (Chapter 7). The DIoGenes study was a large 
European trial among individuals with obesity. ParƟ cipants fi rst lost weight with an 
energy-restricted diet, and were then randomised to diff erent weight maintenance 
diets. 

The thesis concludes with Chapter 8, in which we provide a summary of all of 
our fi ndings and discuss suggesƟ ons for future research as well as its societal impact. 
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ABSTRACT
It was previously reported that dietary intake is an important trigger for systemic 
infl ammaƟ on and one of the lifestyle factors for the development of cardiovascular 
diseases. The aim of this study was to evaluate the associaƟ on between Dietary 
Infl ammatory Index (DII) score and body weight, blood pressure, lipid profi le and 
lepƟ n in an Indonesian populaƟ on. This was a cross-secƟ onal study conducted in 503 
Indonesian adults. The DII score was calculated based on data of 30 nutrients and food 
components. Anthropometric profi le, blood pressure, lipid profi le, and lepƟ n were 
measured. The associaƟ on of these variables with the DII score was analyzed. The DII 
score was not associated with body weight, body mass index (BMI), body fat, waist 
circumference, hip circumference, systolic and diastolic blood pressure, triglycerides, 
and high-density lipoprotein (HDL) (both unadjusted and aŌ er adjustment for 
covariates). However, plasma lepƟ n concentraƟ on was signifi cantly associated with 
the DII score (B = 0.096, p = 0.020). Plasma lepƟ n also increased signifi cantly across 
terƟ les of the DII score (ANCOVA, p = 0.031). This posiƟ ve associaƟ on between 
the DII score and plasma lepƟ n concentraƟ on suggests a role for the infl ammatory 
properƟ es of the diet in regulaƟ ng adipose Ɵ ssue infl ammaƟ on. 

Keywords: dietary infl ammatory index; obesity; triglyceride; HDL; lepƟ n 
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INTRODUCTION 
Obesity aff ects millions of adults and children and this state of over-nutriƟ on 
is responsible for an increasing economic and health burden worldwide [1,2]. 
Adiposity is associated with increased risk for non-communicable diseases (NCDs) 
such as type 2 diabetes mellitus, dyslipidemia, heart disease, and hypertension [1]. 
One of the mechanisms which may explain the interacƟ on between obesity and the 
development of NCDs is systemic and adipose Ɵ ssue infl ammaƟ on [3,4]. The excess of 
adipose Ɵ ssue induces increments in the producƟ on of lepƟ n and pro-infl ammatory 
cytokines as well as immune cell infi ltraƟ on [4]. In addiƟ on, a reducƟ on in anƟ -
infl ammatory immune cells in adipose Ɵ ssue of individuals with obesity has been 
reported [5,6]. This combinaƟ on leads to an infl ammatory state in adipose Ɵ ssue as 
well as the circulaƟ on of individuals with obesity [4]. 

Infl ammaƟ on is also infl uenced by environmental factors (e.g., lifestyle, diet, 
physical acƟ vity) and geneƟ c background [7]. It has been reported previously that the 
dietary paƩ ern has an important role in aff ecƟ ng circulaƟ ng infl ammatory markers 
in adults [8]. Recently, a new tool has been developed to assess the infl ammatory 
properƟ es of the diet: the Dietary Infl ammatory Index (DII) [9]. In this index, intake 
of nutrient and non-nutrient components of the diet are calculated and compiled 
into an index. The score on this index has been shown to be associated with systemic 
infl ammaƟ on [10–12]. In the cross-secƟ onal Spanish PREDIMED (Prevención con 
Dieta Mediterránea) study the DII score was associated with body weight and other 
anthropometric measures [13]. In the Spanish SUN (Seguimiento Universidad de 
Navarra) cohort, the DII score was associated with annual weight gain [14]. We have 
shown that the DII score was associated with weight regain following a weight loss 
program in Dutch overweight and obese individuals [15]. 

Infl ammaƟ on is associated with the development of chronic diseases and 
is an important link between obesity and cardiovascular diseases [3,16]. It was 
previously suggested that infl ammaƟ on plays an important role in the disturbance of 
blood pressure and lipid profi le [3,16,17]. This noƟ on is supported by several studies 
in western socieƟ es which showed that the infl ammatory properƟ es of the diet were 
associated with early predictors of cardiovascular diseases such as hypertension, 
and higher plasma triglyceride and lower high-density lipoprotein (HDL) cholesterol 
concentraƟ ons [18–20]. 

Currently, there is limited evidence on the applicaƟ on of the DII in Asian 
countries. To our knowledge, there is only one report from a small cross-secƟ onal 
study conducted in female school teachers in Myanmar, which found no associaƟ on 
between the DII score and overweight [21]. EvaluaƟ on of the DII in diff erent 
populaƟ on seƫ  ngs is important because dietary pracƟ ces vary amongst cultures and 
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might have an impact on the DII value. AddiƟ onally, because other factors such as 
environments, lifestyle, and geneƟ c background are also diff erent among populaƟ on 
seƫ  ngs, this might infl uence the relaƟ onship between the DII score and metabolic 
health. Therefore, the aim of this study was to evaluate the associaƟ ons between the 
DII score and body weight, blood pressure, lipid profi le, and lepƟ n in an Indonesian 
populaƟ on. 

MATERIALS AND METHODS 
These analyses are part of an Indonesian cohort study that invesƟ gates the eff ect 
of lifestyle and geneƟ c variaƟ on on metabolic syndrome in adults. It is a secondary 
cross-secƟ onal analysis of baseline data of this study that was carried out among 
adult men and women between 19 and 56 years of age, living in the urban area of 
Yogyakarta, Indonesia. A total of 503 individuals, straƟ fi ed for sex, were recruited 
from randomly selected neighborhoods from fi ve sub-districts which were selected

The inclusion criteria were: permanent residence (at least 2 years) in the area 
and agreement to become subject of this study by signing the informed consent. The 
exclusion criteria were: diagnosis of chronic diseases such as diabetes, cardiovascular 
disease, or cancer, pregnancy at the Ɵ me the study was conducted, current or 
prior cigareƩ e smoker status, strict diet, and problems with walking or conducƟ ng 
physical acƟ vity in the prior 6 months. Subjects who consumed drugs to treat the 
clinical features of cardiovascular diseases (such as blood pressure-, lipid-, and/or 
glucose-lowering drugs) were also excluded from this study. Ethical clearance was 
obtained from the Medical and Health Research Ethics CommiƩ ee (MHREC) Faculty 
of Medicine, Universitas Gadjah Mada, Indonesia (KE/FK/791/EC/2015). This study 
followed the ethical guidelines of the 1975 DeclaraƟ on of Helsinki. 

Obesity status was defi ned by body mass index (BMI) and calculated by dividing 
body weight with the square of height. Body composiƟ on was defi ned by percent 
body fat. Body weight and body fat were measured using a digital body mass scale 
and bioelectrical impedance (0.01 kg precision, Omron Karada Scan HBF-375, Osaka, 
Japan). Height was measured using a wall-mounted tape measure (0.1 cm precision, 
GEA medical, Jakarta, Indonesia). Waist and hip circumference were measured using 
a non-elasƟ c tape (0.1 cm precision). All anthropometric measurements were done 
by trained personnel using calibrated instruments. 

Blood pressure was measured using Omron HEM 7120 AutomaƟ c Blood 
Pressure (Omron, Japan). This measurement was done aŌ er at least 10 minutes rest 
from recent acƟ vity and the parƟ cipants were asked to sit in a comfortable siƫ  ng 
posiƟ on with their leŌ  arm fully exposed and resƟ ng on a supporƟ ve surface at the 
heart level. Blood pressures were measured on the leŌ  arm using appropriate cuff  
size. 
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Data on dietary intake were collected using a validated Semi-QuanƟ taƟ ve 
Food Frequency QuesƟ onnaire (SQ-FFQ) and the analysis was based on Indonesian 
food database and United States Department of Agriculture [22]. Data of habitual 
consumpƟ on of food items that were collected using the SQ-FFQ were translated 
into daily intake [23]. Data collecƟ on for dietary intake was done by a face-to-face 
interview between trained nutriƟ onists and subjects. 

The Dietary infl ammatory Index (DII®) score is a calculated parameter that 
gives an overall picture of the infl ammatory properƟ es of the diet. An individual’s 
diet is considered more pro-infl ammatory when the DII score is more posiƟ ve, while 
the diet is considered more anƟ -infl ammatory when the DII score is more negaƟ ve. 
The DII score was calculated according to Shivappa et al. [9]. The calculaƟ on of the 
dietary infl ammatory index score was based on 30 nutrients and food components 
including total energy, protein, carbohydrate, total fat, saturated fat, trans fat, mono-
unsaturated faƩ y acid (MUFA), poly-unsaturated faƩ y acid (PUFA), omega-3 faƩ y 
acid, omega-6 faƩ y acid, cholesterol, fi bre, magnesium, iron, selenium, zinc, vitamin 
A, vitamin C, vitamin D, vitamin E, thiamin, ribofl avin, vitamin B6, vitamin B12, folate, 
niacin, beta-carotene, alcohol, caff eine, and tea. No data were available for the 
other dietary factors included by Shivappa et al. [9] in their dietary infl ammaƟ on 
index such as rosemary, oregano, pepper, turmeric, saff ron, onion, ginger, garlic, and 
polyphenols (i.e., isofl avones and anthocyanidins). To derive the individual DII scores, 
the global average intake (taken from Shivappa et al. [9]) was subtracted from the 
reported daily intake of each nutrient in the FFQ and divided by the standard deviaƟ on 
of the global daily intake, rendering a z-score which was converted into a centered 
percenƟ le score. This score was then mulƟ plied with an overall infl ammatory eff ect 
score. All 30 (out of 48) included individually calculated nutrient-specifi c eff ect scores 
were then summed to obtain the DII score. 

Data on physical acƟ vity was collected using the InternaƟ onal Physical AcƟ vity 
QuesƟ onnaire (IPAQ) [24]. This quesƟ onnaire contains informaƟ on on the intensity 
and duraƟ on of several acƟ viƟ es including work/job, transportaƟ on, house-related 
work and maintenance, recreaƟ on, exercise and leisure-Ɵ me physical acƟ vity. Each 
acƟ vity has a unique metabolic equivalent of task (MET) score, which represents the 
amount of energy used for a certain type of acƟ vity. In order to obtain an overall 
picture of the individual’s physical acƟ vity, all the acƟ viƟ es that have been reported 
in IPAQ are transformed into MET-minutes/week. The SQ-FFQ and IPAQ were 
developed, validated and used before [23–25]. 

From each parƟ cipant a 10-mL blood sample was collected in 
ethylenediaminetetraaceƟ c acid (EDTA)-containing tubes. AŌ er collecƟ on, blood 
plasma and buff y coat were separated by centrifugaƟ on. Plasma HDL cholesterol 
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and triglyceride concentraƟ on were measured using the cholesterol oxidase phenol 
4-aminoanƟ pyrine peroxidase (CHOD-PAP) and glycerol phosphate oxidase (GPO) 
methods, respecƟ vely (Diasys, Holzheim, Germany). Plasma lepƟ n concentraƟ on was 
measured using an enzyme-linked immunosorbent assay (DRG, Springfi eld Township, 
NJ, USA). 

StaƟ sƟ cal analyses were conducted using JASP (University of Amsterdam, 
the Netherlands) [26]. The relaƟ onships between the DII score as independent 
variable and body weight, blood pressure, lipid profi le and lepƟ n concentraƟ on 
as dependent variables were analyzed by linear regression analysis (Model 0, 
unadjusted). Adjustments for age, sex, physical acƟ vity and energy intake, and BMI 
where relevant, were done. Model I represents a regression analysis with adjustment 
for age, sex, and BMI (for blood pressure, triglycerides, HDL and lepƟ n). Model II 
represents a regression analysis with adjustment for age, sex, energy intake, physical 
acƟ vity and BMI (for blood pressure, triglycerides, HDL and lepƟ n). In addiƟ on, we 
made groups based on terƟ les of the DII score and compared the variables by ANOVA 
(analysis of variance) or ANCOVA (Analysis of covariance). The ANCOVA analysis 
adjusted for age, sex, energy intake, and physical acƟ vity when analyzing diff erences 
in anthropometric measures among DII score terƟ les. For analysis of blood pressure, 
lipid profi le, and lepƟ n diff erences between DII score terƟ les, ANCOVA adjusƟ ng for 
age, sex, body mass index, energy intake, and physical acƟ vity was used. 

RESULTS 
CharacterisƟ cs of study parƟ cipants are shown in Table 2.1. In this study, 503 adults 
(men 50.1% and women 49.9%) living in Yogyakarta were invesƟ gated. Data on the 
characterisƟ cs of men and women separately can be found in Supplementary Table 
2.1. Data of dietary intake of study parƟ cipants are shown and compared with global 
data of dietary intake based on Shivappa et al. [9] (Table 2.2). Compared to global 
averages, parƟ cipants in this study had a relaƟ vely high intake of pro-infl ammatory 
components such as total energy, carbohydrate, iron, and vitamin B12. They had a 
relaƟ vely low intake of anƟ -infl ammatory components such as omega 3 faƩ y acid, 
omega 6 faƩ y acid, niacin, vitamin A, vitamin D, vitamin E, alcohol, and caff eine, 
but a relaƟ vely high intake of other anƟ -infl ammatory components such as fi ber, 
magnesium, selenium, vitamin C, folic acid, and tea. 
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Table 2.1. CharacterisƟ cs of study parƟ cipants.

All  (n=503)

Age (years) 41.6 ± 10.2

Anthropometric measures

Body weight (kg) 62.6 ± 13.1

Height (cm) 158.5 ± 9.0

Body mass index (kg/m2) 24.9 ± 5.0

Body fat (%) 27.5 ± 8.7

Waist circumference (cm) 86.2 ± 12.7

Hip circumference (cm) 93.9 ± 11.2

Blood pressure

Systolic (mmHg) 128.6 ± 25.2

Diastolic (mmHg) 79.7 ± 14.8

Metabolic profi le

Triglycerides (mmol/L) 1.57 ± 0.82

HDL (mmol/L) 1.18 ± 0.47

TG/HDL ratio 1.48 ± 1.02

Leptin (ng/mL) 7.3 ± 8.8

Physical activity  (METS-min./week) 5781 ± 5932

Dietary intake

Energy (kj/day) 10 838 ± 4 789

Protein (%) 12.5 ± 3.4

Fat (%) 23.1 ± 10.6

Carbohydrate (%) 64.3 ± 10.8

Dietary infl ammatory index 1.01 ± 7.29

% overweighta 45.9

% obeseb 14.9

Values are presented as mean ± standard deviation, p. value of diff erence 
between men and women (2-sample t-test), abody mass index ≥ 25 
kg/m2 or higher, bbody mass index ≥ 30 kg/m2 or higher, a,bpercent in 
comparison to total study participants, * independent t-test, ^Mann-
withney test, #Chi-square test.
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Table 2.2. Comparison of global dietary intake and dietary intake of Indonesian adults.

Global dietary intake Dietary intake of study 
participants

Pro-infl ammatory components
   Carbohydrate (g) 272.2 ± 40.0 416.9 ± 202.8
   Cholesterol (mg) 279.4 ± 51.2 177.8 ± 161.8
   Energy (kj) 8 606 ± 1 414 10 838 ± 4 789
   Iron (mg) 13.35 ± 3.71 18.1 ± 9.8
   Protein (g) 79.4 ± 13.9 80.8 ± 41.9
   Saturated fat (g) 28.6 ± 8.0 25.7 ± 19.6
   Total fat (g) 71.4 ± 19.4 66.6 ± 45.9
   Trans fatty acid (g) 3.15 ± 3.75 2.82 ± 4.72
   Vitamin B12 (μg) 5.15 ± 2.70 7.38 ± 9.54

Anti-infl ammatory components
   Alcohol (g) 19.98 ± 3.72 0.03 ± 0.07
   Beta - carotene (μg) 3 718 ± 1 720 3 696 ± 3 721
   Caff eine (g) 8.05 ± 6.67 0.09 ± 0.10
   Fiber (g) 18.8 ± 4.0 24.3 ± 13.5
   Folic acid (μg) 273.0 ± 70.7 403.0 ± 339.4
   Magnesium (mg) 310.1 ± 139.4 392.1 ± 278.2
   MUFA (g) 27.0 ± 6.1 29.5 ± 23.1
   Niacin (mg) 25.9 ± 11.8 19.57 ± 9.14
   Omega 3 fatty acids (g) 1.06 ± 1.06 0.46 ± 0.47 
   Omega 6 fatty acids (g) 10.80 ± 7.50 0.86 ± 0.80
   PUFA (g) 13.88 ± 3.76 13.40 ± 9.64
   Ribofl avin (mg) 1.70 ± 0.79 1.97 ± 1.72
   Selenium (μg) 67.0 ± 25.1 103.0 ± 49.6
   Black/green tea (g) 1.69 ± 1.53 2.36 ± 2.60
   Thiamin (mg) 1.70 ± 0.66 1.39 ± 0.71
   Vitamin A (RE) 983.9 ± 518.6 574.3 ± 508.0
   Vitamin B6 (mg) 1.47 ± 0.74 4.59 ± 3.71
   Vitamin C (mg) 118.2 ± 43.5 152.3 ± 145.5
   Vitamin D (μg) 6.26 ± 2.21 3.44 ± 5.88
   Vitamin E (mg) 8.73 ± 1.49 2.74 ± 2.65
   Zinc (mg) 9.84 ± 2.19 9.59 ± 4.75

Data on the relaƟ onship between the DII score and anthropometric measures 
are shown in Table 2.3. We found that the DII score was not associated with any 
of the anthropometric measures (all p >0 .05). This remained aŌ er adjustment for 
age, sex, physical acƟ vity and energy intake (Table 2.3). The DII score was also not 
associated with systolic and diastolic blood pressure, triglycerides and HDL cholesterol 
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(all p >0.05). These associaƟ ons also remained non-signifi cant aŌ er adjustment for 
covariates (Table 2.3). However, aŌ er correcƟ on for age, sex, BMI, energy intake, and 
physical acƟ vity we found that the DII score was posiƟ vely associated with plasma 
lepƟ n concentraƟ on (Table 2.3). The sex specifi c analyses of the relaƟ onship between 
the DII score and all measured parameters are shown in Supplementary Table 2.2. 
There were no sex-related diff erences in the relaƟ onships between the DII score and 
any of the measured parameters. 

Table 2.3. Standardized regression coeffi  cients (B) and their standard error (SE) and p-value of the associaƟ on 
between DII score and anthropometric variables, blood pressure, lipid profi le, and lepƟ n concentraƟ on.

Variables
Model 0 a Model I b Model II c

B a SE a p a B b SE b p b B c SE c p c

Body weight (kg) −0.010 0.081 0.900 −0.011 0.078 0.801 −0.039 0.096 0.470 ^

BMI (kg/m2) −0.012 0.031 0.693 −0.020 0.030 0.648 −0.080 0.036 0.132 ^

Body fat (%) −0.018 0.054 0.736 −0.009 0.035 0.762 −0.044 0.043 0.222 ^

Waist circumference (cm) −0.079 0.078 0.311 −0.048 0.074 0.251 −0.046 0.091 0.379 ^

Hip circumference (cm) 0.012 0.069 0.857 0.006 0.064 0.878 −0.049 0.079 0.347 ^

Systolic BP (mmHg) 0.221 0.154 0.153 0.066 0.134 0.088 0.034 0.165 0.481 *

Diastolic BP (mmHg) 0.128 0.091 0.159 0.065 0.082 0.107 0.046 0.102 0.355 *

Triglycerides (mmol/L) −0.004 0.005 0.407 −0.037 0.005 0.388 0.045 0.006 0.406 *

HDL cholesterol (mmol/L) 0.0003 0.003 0.925 0.010 0.003 0.825 −0.046 0.004 0.400 *

Leptin (ng/mL) 0.101 0.061 0.102 0.105 0.042 0.002 0.096 0.052 0.020 *

a Model 0, linear regression analysis without adjustment; b Model I, linear regression analysis with 
adjustment for age and sex; b Model II, linear regression analysis with correction for age, sex, energy 
intake, physical.

To further clarify the associaƟ on between DII score, anthropometric measures, blood 
pressure, lipid profi le and lepƟ n, we divided subjects into three terƟ les based on 
their DII score (Table 2.4). No signifi cant diff erences among the 3 terƟ les (ANOVA, all 
p >0.05) were found. However, aŌ er adjustment for age, sex, energy intake, physical 
acƟ vity and body mass index, the increase in lepƟ n concentraƟ on across DII score 
terƟ les was staƟ sƟ cally signifi cant (ANCOVA, p = 0.031). 
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Table 2.4. The diff erences on anthropometric measures, lipid profi le, blood pressure and lepƟ n among 
DII score terƟ les.

Variables
DII Score Tertile 1 
(<−1.0) (n = 169)

DII Score Tertile 
2 (1.0–5.1) (n = 
168)

DII Score Tertile 3 
(>5.1) (n = 164)

p ANOVA * p ANCOVA

Anthropometric measures

Body weight (kg) 61.9 ± 13.9 63.5 ± 11.0 62.3 ± 14.2 0.538 0.840 ^

Body mass index (kg/m2) 24.7 ± 4.8 25.3 ± 4.7 24.9 ± 5.5 0.523 0.470 ^

Body fat (%) 27.4 ± 8.6 27.5 ± 8.7 27.7 ± 9.0 0.937 0.543 ^

Waist circumference (cm) 86.2 ± 12.7 87.1 ± 12.4 85.4 ± 13.2 0.467 0.395 ^

Hip circumference (cm) 93.1 ± 10.3 95.0 ± 10.7 93.7 ± 12.5 0.301 0.209 ^

Systolic blood pressure (mmHg) 126.9 ± 25.2 129.3 ± 24.5 129.5 ± 25.9 0.590 0.847 #

Diastolic blood pressure (mmHg) 79.1 ± 14.3 80.2 ± 14.4 79.9 ± 15.8 0.773 0.790 #

Triglycerides (mmol/L) 1.6 ± 0.9 1.6 ± 0.8 1.5 ± 0.8 0.479 0.413 #

HDL cholesterol (mmol/L) 1.2 ± 0.5 1.1 ± 0.4 1.2 ± 0.5 0.378 0.572 #

Leptin (ng/mL) 6.2 ± 6.9 7.1 ± 8.5 8.6 ± 10.7 0.071 0.031 #

* ANOVA analysis across DII score tertiles; ̂  ANCOVA analysis across DII score tertiles with adjustment for 
age, sex, energy intake and physical activity; # ANCOVA analysis across DII score tertiles with adjustment 
for age, sex, body mass index, energy intake, and physical activity.

DISCUSSION 
This study was aimed to evaluate the relaƟ onship between DII score, body weight, 
blood pressure, lipid profi le and lepƟ n in Indonesian adults. We found that DII score 
was not correlated with any of the anthropometric measures, blood pressure or lipid 
profi le. InteresƟ ngly, we showed that the DII was posiƟ vely correlated with plasma 
lepƟ n concentraƟ on aŌ er correcƟ on for age, sex and BMI, energy intake and physical 
acƟ vity. 

We compared the intake of the components of the DII in our Indonesian 
populaƟ on with the global averages described by Shivappa [9]. ParƟ cipants in this 
study had higher intake of pro-infl ammatory components such as total energy, 
carbohydrates, iron and vitamin B12 and a lower intake of anƟ -infl ammatory 
components such as omega 3 faƩ y acids, omega 6 faƩ y acids, niacin, vitamin A, 
vitamin D, and vitamin E. The mean energy intake of men was 11,285 kJ/day and 
this matches the Indonesian dietary recommendaƟ on for male adults (11,406 kJ/
day) [27]. The mean energy intake of women was 10,277 kJ/day and this was slightly 
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higher than the Indonesian dietary recommendaƟ on for female adults (9418 kJ/day) 
[27]. Results from this study provide a pracƟ cal implicaƟ on that can help reduce 
the infl ammatory properƟ es of diet of individuals in the study populaƟ on. This can 
be done by reducing the consumpƟ on of carbohydrate rich foods (e.g., rice, sugar 
and wheat-based products) and increasing consumpƟ on of unsaturated fat and 
protein rich foods (such as eggs and faƩ y fi sh). This is because, although protein is 
considered as pro-infl ammatory nutrient, it has a lower infl ammatory eff ect score 
than carbohydrate [9]. AddiƟ onally, unsaturated fats are anƟ -infl ammatory nutrients 
and foods that are rich in unsaturated fats usually also contain fat soluble vitamins 
such as vitamin A, D, and E [22]. Those vitamins were reported to be lower in these 
study parƟ cipants compared to the global dietary intake. 

This study was iniƟ ated by our earlier fi nding that in overweight/obese 
Caucasian men and women who undertook a weight loss program, the DII score was 
correlated with weight regain during follow-up [15]. In this study we showed that the 
DII score was not correlated with body weight in Indonesian adult men and women. 
The relaƟ onship between the DII score and obesity indices has also been evaluated 
elsewhere. In a cross-secƟ onal analysis of the Spanish PREDIMED trial, the DII score 
was associated with BMI only in women but not in men [13]. In Myanmar, a small 
cross-secƟ onal study among overweight and non-overweight female school teachers 
showed that the DII score was not associated with overweight [21]. A role for DII 
in the development of obesity was indicated by Ramallal et al. [14]. They showed 
that in a non-overweight adult Spanish cohort the DII score was not associated with 
BMI at baseline, but a higher DII score was associated with a higher body weight 
increment aŌ er 8 years of follow up and a higher risk of developing overweight or 
obesity. Based on these studies and our fi ndings, the eff ect of the DII on body weight 
remains inconclusive. Well-controlled longer-term intervenƟ on studies are required 
to shed more light on the role of DII in body weight regulaƟ on. 

There is more convincing evidence that infl ammaƟ on is an important link 
between obesity and its cardiovascular co-morbidiƟ es [3–6]. Previously it was 
suggested that low-grade infl ammaƟ on was associated with the development 
of dyslipidemia [3]. In this study, we found that the DII score was not correlated 
with components of the lipid profi le, such as triglycerides and HDL. In contrast, 
Neufcourt et al. showed in a large (n = 3 726) cohort of French adults [18] that at 
baseline, the DII score was posiƟ vely associated with triglyceride level, but not with 
HDL cholesterol level. AŌ er a follow up of 13 years, the DII score was signifi cantly 
associated with higher triglyceride and lower HDL cholesterol levels. The associaƟ on 
between the DII score and lipid profi le was also confi rmed by a small scale study 
(n = 90) in Colombia [19]. These invesƟ gators showed that study parƟ cipants with a 
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higher pro-infl ammatory diet (based on DII score calculaƟ on) had a signifi cantly lower 
HDL level. Our intermediate size study in Indonesian adults could not confi rm these 
fi ndings. On the other hand, there was also no increased risk for low HDL cholesterol 
or elevated triglyceride concentraƟ ons with increasing DII score in a study in 447 U.S. 
police offi  cers [28]. Dyslipidemia or disturbance of lipid profi le including triglyceride 
and cholesterol levels have long been used as an early biomarker of cardiovascular 
diseases. However, this concept is now being challenged. Infl ammaƟ on may be a 
more important biomarker of cardiovascular diseases [16]. This shiŌ  of paradigm is 
necessary because this might aff ect dietary approaches for cardiovascular diseases 
prevenƟ on. Instead of aiming to lower cholesterol and triglycerides, it might be more 
benefi cial to lower the infl ammatory properƟ es of the diet as a means of prevenƟ on 
of cardiovascular diseases. 

In this study we also showed that the DII score was not associated with blood 
pressure, neither in men nor women. This fi nding diff ers from studies previously 
reporƟ ng that the DII score was associated with increased risk for developing 
hypertension among middle-aged Australian women [20] and Polish adults [29]. On 
the other hand, Wirth et al. [28] also found no higher risk of elevated blood pressure 
with increasing DII score in U.S. police offi  cers. 

We cannot exclude the possibility that the lack of associaƟ on between the 
DII score and lipid profi le and blood pressure is due to our inclusion criteria. We only 
included subjects without a clinical diagnosis cardiovascular diseases, diabetes, or 
treatment for dyslipidemia or high blood pressure, because we were interested in 
invesƟ gaƟ ng the role of diet in the early onset development of chronic diseases and 
thus our populaƟ on can be regarded as relaƟ vely healthy compared to the general 
Indonesian populaƟ on. 

In this study, we showed that the DII score was posiƟ vely associated with 
plasma lepƟ n concentraƟ on aŌ er adjustment for age, sex, BMI, energy intake, 
and physical acƟ vity. This fi nding was confi rmed by analysis based on DII score 
terƟ les, which showed that lepƟ n concentraƟ on increased signifi cantly across the 
terƟ les. LepƟ n is produced by adipose Ɵ ssue and its producƟ on increases with the 
progression of adiposity [30]. In the past few decades, there has been a growing 
interest in understanding the interacƟ on between lepƟ n, infl ammaƟ on and oxidaƟ ve 
stress. LepƟ n is a cytokine which is produced by adipocytes with an ability to induce 
infl ammaƟ on. The pro-infl ammatory properƟ es of lepƟ n have been suggested to 
be similar to those of immune cell-derived cytokines such as tumor necrosis factor 
alpha (TNF-alpha) and interleukin 6 (IL-6) [31,32]. In addiƟ on to infl ammaƟ on, it 
was suggested that lepƟ n plays an important role in the development of oxidaƟ ve 
stress in obesity by inducing producƟ on of reacƟ ve intermediates such as H2O2 and 
hydroxyl radicals [33]. The accumulaƟ on of these processes can induce development 
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of cardiovascular diseases. This is supported by several studies, which showed that 
a higher lepƟ n concentraƟ on was associated with increased risk for cardiovascular 
diseases [34–36]. To our knowledge, only one other study has invesƟ gated the 
relaƟ onship between DII score and lepƟ n [28]. In this cross-secƟ onal study in U.S. 
police offi  cers, the DII score was not associated with lepƟ n concentraƟ on. 

There are several strengths and limitaƟ ons in this study. The strengths of this 
study are the relaƟ vely large sample size and the non-Western populaƟ on. However, 
there are several limitaƟ ons to this study. First, because data collecƟ on was done 
using a SQ FFQ for Indonesian food consumpƟ on with limited data on bioacƟ ve 
components of foods, we cannot provide data on the intake of a number of herbs/ 
seasonings (such as oregano, rosemary, pepper, saff ron, garlic, onion, and ginger) 
as well as polyphenols (such as fl avonol, anthocyanidins, and eugenol), which are 
included in the original list provided by Shivappa et al. [9]. AddiƟ onally, there are some 
food components that have no known value for diff erent types of PUFAs in the food 
databases used, which might have an impact on total omega 3 and 6 consumpƟ on. 
These might infl uence the relaƟ onships between DII score and outcomes in 
comparison to the full DII according to Shivappa et al. Second, we reported data 
on dietary intake amongst individuals who live in urban areas. Therefore, data 
from this study may not represent the intake of those that live in rural areas. Third, 
because of the design of this study, no conclusion about causality can be drawn. 
Fourth, measurements were performed at random Ɵ mes during the day and in the 
non-fasƟ ng state, which may have interfered with the potenƟ al associaƟ on between 
the DII score and the outcome variables by increasing the variaƟ on. However, it 
was previously shown that in large cohorts the infl uence of normal food intake on 
changes in lipids, lipoproteins, and apolipoproteins is small and that the random non-
fasƟ ng lipid profi le remains a good predictor for cardiovascular diseases in humans 
[37]. However, lepƟ n producƟ on has a diurnal variaƟ on [38] and is aff ected by fasƟ ng 
status [39], and therefore confi rmaƟ on of our fi ndings under beƩ er standardized 
condiƟ ons is needed. 

In summary, we showed that the DII score was posiƟ vely correlated with 
the plasma lepƟ n concentraƟ on, which is one of the markers of adipose Ɵ ssue 
infl ammaƟ on. This might explain the connecƟ on between the DII score and increased 
systemic infl ammaƟ on as well as cardiovascular diseases in other studies. Because of 
the potenƟ al importance of diet in the development of infl ammaƟ on, intervenƟ on 
studies that invesƟ gate the eff ect of manipulaƟ on of the infl ammatory properƟ es of 
the diet on the infl ammatory process are warranted. 
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Supplementary Table 2.1. The comparison of anthropometric measures, blood pressure, lipid profi le, 
dietary intake, physical activity and leptin between men and women.

Men (n=252) Women (n=251) p

Age (years) 41.1 ± 10.8 42.1 ± 9.6 0.500^

Anthropometric measures

   Body weight (kg) 65.4 ± 13.2 59.7 ± 12.3 <0.001^

   Height (cm) 164.9 ± 6.4 152.0 ± 6.2 <0.001*

   Body mass index (kg/m2) 24.0 ± 4.4 25.9 ± 5.4 <0.001^

   Body fat (%) 21.1 ± 6.0 33.9 ± 5.9 <0.001^

   Waist circumference (cm) 84.4 ± 11.8 88.1 ± 13.4 0.003^

   Hip circumference (cm) 91.4 ± 9.8 96.5 ± 11.9 <0.001^

   Waist-to-hip ratio 0.92 ± 0.06 0.91 ± 0.07 0.094^

Blood pressure

   Systolic (mmHg) 131.0 ± 26.5 126.3 ± 23.7 0.020^

   Diastolic (mmHg) 81.2 ± 15.8 78.2 ± 13.6 0.043^

Metabolic profi le

   Triglycerides (mmol/L) 1.71 ± 0.91 1.42 ± 0.67 0.003^

   HDL cholesterol (mmol/L) 1.07 ± 0.36 1.30 ± 0.54 <0.001^

   Leptin (ng/mL) 2.7 ± 4.8 11.4 ± 9.6 <0.001^

Physical activity (METS-min/week) 6815 ± 6532 4747 ± 5071 <0.001^

Dietary intake

   Energy (kJ/day) 11 394 ± 4 621 10 277 ± 4 898 0.002^

   Protein (energy%) 12.5 ± 3.3 12.6 ± 3.5 0.664^

   Fat (energy%) 21.3 ± 9.8 25.0 ± 11.1 <0.001^

   Carbohydrate (energy%) 66.1 ± 9.9 62.5 ± 11.4 <0.001^

   Dietary Infl ammatory Index score 1.07 ± 7.19 0.95 ± 7.4 0.898^

% overweighta 19.7 26.2 0.003#

% obeseb 3.6 11.3 <0.001#

Values are presented as mean ± standard deviaƟ on, p value of diff erence between 
men and women, abody mass index ≥ 25 kg/m2 or higher, bbody mass index ≥ 30 
kg/m2 or higher, a,bpercent of total study parƟ cipants, * independent t-test, ^Mann-
Whitney test, #Chi-square test. 
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Supplementary Table 2.2. Linear regression analysis with the DII score as independent variable for 
men and women.

Men (n=252) Women (n=251)

Model 0 Model I Model II Model 0 Model I Model II

B p B p B p B p B p B p

Body weight (kg) -0.157 0.180 -0.082a 0.194 -0.037b 0.643 0.121 0.249 0.062a 0.323 -0.020b 0.787

BMI (kg/m2) -0.049 0.204 -0.076a 0.224 -0.049b 0.535 0.025 0.593 0.022a 0.720 -0.084b 0.257

Body fat (%) -0.040 0.446 -0.042a 0.487 -0.026b 0.731 0.023 0.650 0.015a 0.804 -0.075b 0.295

Waist circumference (cm) -0.127 0.227 -0.071a 0.245 -0.011b 0.891 -0.031 0.789 -0.033a 0.578 -0.058b 0.414

Hip circumference (cm) -0.082 0.345 -0.054a 0.379 -0.036b 0.638 0.107 0.294 0.053a 0.381 -0.039b 0.596

Systolic BP (mmHg) 0.173 0.460 0.049a 0.424 0.056c 0.440 0.261 0.196 0.066a 0.244 0.005c 0.938

Diastolic BP (mmHg) 0.069 0.622 0.034a 0.589 0.052c 0.485 0.181 0.120 0.086a 0.156 0.039c 0.574

Triglycerides (mmol/L) -0.009 0.263 -0.067a 0.300 -0.059c 0.448 -0.0002 0.973 -0.008a 0.896 -0.044c 0.573

HDL cholesterol (mmol/L) -0.005 0.160 -0.096a 0.136 -0.131c 0.102 0.006 0.230 0.084a 0.198 0.003c 0.971

Leptin (ng/mL) 0.055 0.281 0.081a 0.263 0.157c 0.019 0.160 0.070 0.120a 0.078 0.110c 0.089

Model 0, linear regression analysis without adjustment; Model I and Model II, linear regression analysis 
with adjustment; alinear regression analysis with adjustment for age; blinear regression analysis with 
adjustment for age, energy intake and physical activity; clinear regression analysis with adjustment for 
age, sex, body mass index, energy intake and physical activity. BP: blood pressure.
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Abstract
Weight regain aŌ er successful weight loss is a big problem in obesity management. 
This study aimed to invesƟ gate whether weight regain aŌ er a weight loss period is 
correlated with the macronutrient composiƟ on and/or the infl ammatory index of 
the diet during that period. Sixty one overweight and obese adults parƟ cipated in 
this experimental study. Subjects lost approximately 10% of their iniƟ al weight by 
means of very low-calorie diet for fi ve weeks, or a low calorie diet for 12 weeks. 
AŌ er that, subjects in both groups followed a strict weight maintenance diet based 
on individual needs for four weeks, which was followed by a nine-month weight 
maintenance period without dietary counseling. Anthropometrics and dietary intake 
data were recorded before weight loss (baseline) and during the weight maintenance 
period. On average, parƟ cipants regained approximately half of their lost weight. We 
found no evidence that macronutrient composiƟ on during the weight maintenance 
period was associated with weight regain. The dietary infl ammatory index (r = 0.304, 
p = 0.032) was posiƟ vely correlated with weight regain and remained signifi cant 
aŌ er correcƟ on for physical acƟ vity (r = 0.287, p = 0.045). Our data suggest that 
the infl ammatory properƟ es of diet play a role in weight regain aŌ er weight loss in 
overweight and obese adults. 

Keywords: obesity; weight regain; macronutrient composiƟ on; infl ammaƟ on 
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Introduction 
It has been esƟ mated that a total of 107.7 million children and 603.7 million adults 
worldwide were obese in 2015 [1], and this state of over-nutriƟ on was responsible 
for an increasing economic and health burden [1,2]. Eff ecƟ ve acƟ ons to prevent the 
increasing rate of obesity and to treat those who already are obese are required. 
Lifestyle-based weight loss programs, which include an energy-restricted diet and 
increased physical acƟ vity, are by far the most commonly used weight loss methods. 
Eff ecƟ ve lifestyle- based weight loss intervenƟ ons have been developed in the last 
few decades, but maintaining the aƩ ained weight loss is not an easy task [3]. Studies 
have shown that overweight and obese individuals who lost weight through lifestyle 
modifi caƟ on are prone to weight regain [4–6]. 

Several theories have been proposed to explain this weight regain in which 
biologic and behavioral factors play an important role [7]. ReducƟ on in basal and 
acƟ vity-related energy expenditure, changes in hunger- and saƟ ety-associated 
hormone producƟ on, and an increase in fat cell stress in response to fat mass 
reducƟ on have been suggested as potenƟ al factors associated with the tendency 
towards gaining weight aŌ er weight loss [7,8]. In addiƟ on, several eaƟ ng-related 
behavioral factors, such as ability to control over-eaƟ ng, binge eaƟ ng and eaƟ ng as 
a response to negaƟ ve emoƟ ons have also been suggested to increase the risk of 
weight regain [9]. 

Several studies have been conducted to evaluate whether dietary factors 
are associated with weight regain. Several studies found that higher dietary protein 
content aŌ er weight loss was associated with less weight regain [10–14]. However, 
not all studies support this noƟ on [15,16]. The role of other macronutrients in the 
prevenƟ on of weight regain has been less well studied.

Dietary intake not only has a direct impact on body weight, but may also have 
indirect eff ects that are important for body weight regulaƟ on. We have previously 
shown that weight regain aŌ er weight loss was correlated with the expression of genes 
related to adipose Ɵ ssue stress and infl ammaƟ on [17,18]. Because infl ammaƟ on is 
also infl uenced by the dietary paƩ ern [19], the infl ammatory properƟ es of the diet 
might play role in weight regain.

Therefore, this study aimed to invesƟ gate the infl uence of the macronutrient 
composiƟ on and infl ammatory properƟ es of the diet on weight regain during a 
weight maintenance period aŌ er weight loss of overweight and obese individuals. 
To analyze the correlaƟ on between the infl ammatory properƟ es of diet and weight 
regain we calculated the dietary infl ammatory index (DII). The DII consists of a 
compilaƟ on of eff ects of intake of specifi c nutrients that have been shown to change 
infl ammatory parameters in the blood, and provides a quanƟ taƟ ve esƟ mate of the 
infl ammatory tendency of an individual’s diet [19–22]. In addiƟ on, we analyzed the 
associaƟ on between each individual component of the dietary infl ammatory index 
and weight regain. 
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METHODS 
Subjects 
Male (n = 27, 45.8%) and female (n = 30, 54.2%) Caucasian adults with overweight 
and obesity parƟ cipated in this study. The recruitment process was done through 
adverƟ sements. The inclusion criteria were body mass index more than 28 kg/m2 
with stable body weight in the past 2 months prior to the study. Those who had 
a current or previous history of cardiovascular disease, type 2 diabetes mellitus, 
liver or kidney disease, used medicaƟ on that infl uences body weight regulaƟ on, 
were pregnant, smoking, or had marked alcohol consumpƟ on were excluded from 
the study. Subjects with elevated fasƟ ng glucose (>6.1 mmol/L), total cholesterol 
(>7.0 mmol/L) or triacylglycerol (>3.0 mmol/L) concentraƟ ons, or blood pressure 
(>160/100 mmHg) prior to the intervenƟ on were also excluded. A total of 61 subjects 
started this study and provided their wriƩ en informed consent before parƟ cipaƟ on. 
The study was performed according to the DeclaraƟ on of Helsinki and was approved 
by the Medical Ethics CommiƩ ee of Maastricht University Medical Centre. This trial 
is registered at www.clinicaltrials.gov as NCT01559415. This study is a secondary 
analysis of a study of which the design and methods have been described in detail 
before [23]. 

The Dietary Intervention Program 
The dietary intervenƟ on program was composed of three periods: weight loss period 
(WL), weight stable period (WS) and follow-up period (FU). The weight maintenance 
(WM) period is a combinaƟ on of the weight stable and follow-up periods. During 
WL, subjects were divided into two groups: a low calorie diet (LCD, 1250 kcal/day) 
group and a very low calorie diet (VLCD, 500 kcal/day) group. The LCD group replaced 
one meal by a meal replacement (Modifast; NutriƟ on et Sante Benelux, Breda, The 
Netherlands). The other two meals were prepared by the parƟ cipants themselves 
based on meal plans designed by a dieƟ Ɵ an, based on the Dutch naƟ onal dietary 
guidelines, and they consumed three in-between meal snacks. The VLCD group 
consumed three meal replacements per day with addiƟ onal 100 mL instant broth 
drinks per day and an unrestricted amount of low calorie vegetables. The length of 
the WL period was 12 weeks in the LCD group and 5 weeks in the VLCD group in 
order to achieve a similar 10% weight reducƟ on in both groups. AŌ er the WL period, 
subjects in both groups followed a strictly balanced diet based on their individual 
energy requirements for 4 weeks (WS period) according to the Dutch naƟ onal dietary 
guidelines [24]. During the follow-up period of 9 months, subjects were advised to 
maintain their body weight, but they no longer received dietary consultaƟ on and 
were free to choose their diet.
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Measurements
Anthropometric measurements were done at 4 Ɵ me points: before the intervenƟ on 
(M1), at the end of WL (M2), at the end of WS (M3) and at the end of FU (M4) (Figure 
3.1). Weight regain was calculated as body weight at M4 minus body weight at M3. 
Anthropometric measurements were obtained successfully at M1, M2 and M3 in all 
subjects but only 55 (96.5%) subjects were measured at M4 (Supplementary Table 
3.1). 

Height was measured using a stadiometer (Seca, Hamburg, Germany). 
Body weight was measured using a digital weighing scale (precision 0.1 kg) (Seca, 
Hamburg, Germany). Waist circumference was measured above the umbilicus and 
hip circumference was measured at the widest part of the buƩ ocks. Percent body 
fat mass was determined by air displacement plethysmography (BodPod, Cosmed, 
Italy).

Figure 3.1. Schematic representation of study design and measurements. Anthropometric 
measurements M1: before intervention; M2: end of weight loss period; M3: end of weight stable period; 
M4: end of follow up period. Weight loss (WL) = M2 − M1; weight regain (WR) = M4 − M3. Baseline diet 
= D1, weight maintenance (WM) diet = average of D2 and D3. Physical activity was measured during 
M1, M2, M3 and M4.
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Measurements of dietary intake were conducted at 3 Ɵ me points: before 
the weight loss intervenƟ on (D1), at the end of WS (D2) and at the end of FU (D3) 
(Figure 3.1). At each Ɵ me point, 3-day food diaries (including 1 non-working day) 
were collected. All foods reported were linked to the 2011 Dutch food consumpƟ on 
table (NEVO online version 2011, RIVM, Bilthoven, The Netherlands) and nutrient 
intakes were calculated. Some of the dietary intakes and physical acƟ vity diff ered 
signifi cantly between D2 and D3 (Supplementary Table 3.2). However, because we 
do not know the Ɵ me course of the changes from D2 to D3, we have assumed that 
the changes were gradual and the mean of D2 and D3 would best refl ect the overall 
level during the follow-up period. Thus, the nutrient intake values obtained at D2 
and D3 were averaged to refl ect dietary intake over the weight maintenance (WM) 
period. Nutrients intakes were corrected for total energy intake [25] and a dietary 
infl ammatory index was calculated according to Tabung et al. [26], based on the work 
of Shivappa et al. [20]. The calculaƟ on of the dietary infl ammatory index was based 
on 27 nutrients including total energy, protein, carbohydrate, total fat, saturated fat, 
trans fat, mono-unsaturated faƩ y acid, poly-unsaturated faƩ y acid, omega-3 faƩ y 
acid, omega-6 faƩ y acid, cholesterol, fi ber, alcohol, magnesium, iron, selenium, zinc, 
vitamin A, vitamin C, vitamin D, vitamin E, thiamin, ribofl avin, vitamin B6, vitamin 
B12, folate and niacin, because no data were available for the other dietary factors 
included by Shivappa et al. [20] in their dietary infl ammaƟ on index. Data on dietary 
intake during weight maintenance were obtained in 52 subjects (91.2%).

Subjects’ total physical acƟ vity at baseline (M1), during the weight loss period 
(M2) and during weight maintenance period (M3 and M4) (Figure 3.1) was calculated 
using the sum score of occupaƟ onal, leisure Ɵ me and sports acƟ vity obtained from 
the Baecke quesƟ onnaire for habitual physical acƟ vity [27].

Data Analysis
StaƟ sƟ cal analysis was performed with SPSS for Macintosh, Version 21 (Chicago, IL, 
USA). Data are presented as mean ± standard error of the mean. Since no staƟ sƟ cally 
signifi cant diff erences were found between the VLCD and LCD groups, groups 
were combined for the correlaƟ on analyses. An independent t-test was used when 
comparing data on anthropometric, dietary and physical acƟ vity diff erences between 
the LCD and VLCD groups before and aŌ er the weight loss intervenƟ on. Paired t-tests 
were used when analyzing changes (anthropometric and dietary intake) within a 
group over a specifi c period of intervenƟ on. Wilcoxon signed ranks were used for 
non-normally distributed data. The correlaƟ on between nutrient intake, DII and 
weight regain was done using Pearson correlaƟ on tests for normally distributed data, 
and Spearman correlaƟ on tests for non-normally distributed data. Normality tests 
were performed using the Kolmogorov Smirnov normality test. In addiƟ on, parƟ al 
correlaƟ ons with correcƟ on for physical acƟ vity were determined. The analyses were 
considered staƟ sƟ cally signifi cant when p < 0.05 (2-tailed). 
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RESULTS
A total of 61 obese subjects were iniƟ ally recruited in this study, but four subjects 
withdrew because of health and personal circumstances not related to the study. 
Data on anthropometric measures are presented in Table 3.1. Gender was equally 
distributed (LCD group male = 48.3%, VLCD group male = 46.4%). There were no 
diff erences in body weight and other anthropometric measures at any Ɵ me point 
(M1, M2, M3 and M4) between subjects in LCD and VLCD groups (Supplementary 
Table 3.1). Subjects signifi cantly lost weight at the end of the weight loss period (M2 
vs. M1) and gained weight at the end of follow up period (M4 vs. M3) (Table 3.1). 
Weight regain varied between −3.8 kg and +13.5 kg.

Table 3.1. Changes in anthropometric data throughout the weight loss intervenƟ on. 
*P < 0.05, **P < 0.01, ***P < 0.01paired sample t-test, change from M1 vs. M2, M2 vs. M3, and M3 vs. M4.

Baseline 
(M1)

Weight Loss Period 
(M2)

Weight Stable 
Period (M3)

Follow Up Period 
(M4)

Age (years) 51.3 ± 9.1

Height (cm) 172.3 ± 8.9

Weight (kg) 92.5 ± 9.9 83.9 ± 1.2*** 83.7 ± 9.5 88.3 ± 10.2***

BMI (kg/m2) 31.2 ± 2.3 28.3 ± 0.3*** 28.2 ± 2.4 29.6 ± 2.7***

Fat mass (%) 39.8 ± 8.6 34.8 ± 1.4*** 33.8 ± 10.3*** 36.3 ± 9.8***

Fat free mass (%) 60.2 ± 8.6 65.3 ± 1.4*** 66.2 ± 10.3*** 63.7 ± 9.8***

Fat mass (kg) 36.4 ± 7.8 28.9 ± 1.2*** 27.9 ± 8.8*** 31.7 ± 9.0***

Fat free mass (kg) 55.7 ± 11.5 54.6 ± 1.5*** 55.2 ± 11.6*** 56.0 ± 11.6*

Waist circumference (cm) 102.3 ± 9.6 94.7 ± 1.2*** 94.63 ± 9.0 98.1 ± 9.2***

Hip circumference (cm) 111.0 ± 6.2 105.5 ± 0.9*** 104.7 ± 6.3* 106.2 ± 8.3**

There were no diff erences in energy intake and dietary composiƟ on between 
the LCD and VLCD group before and during WM (all p > 0.05) (Supplementary 
Table 3.2) (Table 3.2). Subjects in both groups had a signifi cantly lower total energy 
intake during WM (p < 0.001) compared to their iniƟ al energy intake. Protein and 
carbohydrate intake (as percent of total energy intake) increased (all p < 0.05) with 
no change in % energy from sugar consumpƟ on, whereas percentage of energy from 
fat was reduced, mainly due to a reducƟ on in saturated fat (all p < 0.05). Alcohol 
consumpƟ on (expressed as g/1000 kcal) did not change signifi cantly over the 
intervenƟ on period. The intake of fi ber and several micronutrients (niacin, ribofl avin, 
vitamin B6, folate, vitamin C, vitamin A, zinc, selenium, iron and magnesium), 
expressed as g or mg/1000 kcal, was increased during the weight maintenance 
period. In addiƟ on, the dietary infl ammatory index during the weight maintenance 
period was lower than the baseline (p < 0.001). There was no change in physical 
acƟ vity (p = 0.437) over the intervenƟ on period.
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The correlaƟ ons between macronutrients, the dietary infl ammatory index and 
its components, and weight regain are shown in Table 3.3. No signifi cant correlaƟ ons 
with the intake of the various macronutrients were found. The dietary infl ammatory 
index and total energy intake were posiƟ vely correlated with weight regain, while 
magnesium, ribofl avin and folate intake were negaƟ vely correlated with weight 
regain. Gender (r = 0.036, p = 0.794), body mass index (r = −0.106, p = 0.439), age (r = 
0.187, p = 0.171) and iniƟ al weight loss (r = 0.008, p = 0.955) were not correlated with 
weight regain, while physical acƟ vity (r = −0.278, p = 0.040) was negaƟ vely correlated. 
Therefore, parƟ al correlaƟ on analyses were conducted to evaluate the correlaƟ ons 
between dietary intake, dietary infl ammatory index and weight regain, independent 
of physical acƟ vity. Energy and ribofl avin intake, and the dietary infl ammatory index 
remained signifi cantly correlated with weight regain, but not magnesium and folate.

Table 3.2. Dietary intake and physical acƟ vity at baseline and during weight maintenance in the LCD and 
VLCD groups and both groups combined (All).

Baseline Diet 
(D1)

Weight Maintenance 
(D2 and D3)

LCD VLCD All LCD VLCD All p*

Energy (kcal/day) 1991 ± 116 2120 ± 99 2071 ± 82 1677 ± 96 1713 ± 88 1684 ± 65 <0.001

Protein (%)a 17.5 ± 0.6 17.7 ± 0.9 17.6 ± 0.6 19.7 ± 0.8 20.1 ± 0.8 20.1 ± 0.6 <0.001c

Carbohydrate (%)a 43.3 ± 1.3 45.0 ± 1.5 43.9 ± 7.3 48.0 ± 1.3 45.8 ± 1.1 46.8 ± 6.2 0.012

Sugars (%)a 19.8 ± 1.3 20.3 ± 1.2 20.2 ± 6.5 21.6 ± 1.2 19.6 ± 1.1 20.4 ± 6.3 0.801

Fat (%)a 37.0 ± 1.3 35.1 ± 1.3 36.3 ± 6.8 30.2 ± 1.0 32.3 ± 1.1 31.7 ± 5.4 <0.001

Saturated fat (g/ 1000 kcal)b 15.2 ± 0.8 14.6 ± 0.8 15.1 ± 0.6 11.7 ± 0.5 12.7 ± 0.4 12.2 ± 0.4 <0.001

Trans fat (g/ 1000 kcal)b 1.17 ± 0.09 1.00 ± 0.08 1.08 ± 0.06 0.85 ± 0.13 0.95 ± 0.07 0.91 ± 0.08 0.041c

MUFA (mg/ 1000 kcal)b 13.8 ± 0.6 12.9 ± 0.5 13.5 ± 0.4 12.4 ± 0.7 12.4 ± 0.4 12.4 ± 0.4 0.104c

PUFA (mg/ 1000 kcal)b 7.75 ±0.51 7.67 ± 0.44 7.73 ± 0.34 6.85 ± 0.35 7.20 ± 0.36 7.05 ± 0.25 0.034c

Omega 3 fatty acids (mg/ 1000 kcal)b 0.89 ± 0.09 0.75 ± 0.08 0.83 ± 0.06 0.90 ± 0.09 0.84 ± 0.06 0.87 ± 0.06 0.584c

Omega 6 fatty acids (mg/ 1000 kcal)b 6.04 ±0.52 6.26 ± 0.43 6.15 ± 0.35 5.27 ± 0.28 5.65 ± 0.33 5.48 ± 0.21 0.038 

Cholesterol (mg/ 1000 kcal)b 118.1 ±7.2 110.7 ± 8.1 117.2 ± 5.6 108.1 ± 8.4 106.3 ± 8.9 107.5 ± 6.1 0.202 

Fiber (g/ 1000 kcal)b 9.77 ± 0.70 11.03 ± 0.64 10.48 ± 0.50 13.28 ± 0.55 13.88 ± 0.62 13.56 ± 0.42 <0.001

Alcohol (g/ 1000 kcal)b 3.17 ± 1.02 2.82 ± 1.04 3.12 ± 0.77 2.25 ± 0.59 2.30 ± 0.72 2.19 ± 0.46 0.185c

Magnesium (mg/ 1000 kcal)b 145.8 ± 7.84 157.3 ± 6.1 152.2 ± 5.3 189.2 ± 6.7 182.3 ± 5.8 185.6 ± 4.6 <0.001

Iron (mg/ 1000 kcal)b 6.14 ± 0.39 5.89 ± 0.31 6.04 ± 0.26 7.16 ± 0.33 6.94 ± 0.21 7.07 ± 0.20 0.001c

Selenium (mg/ 1000 kcal)b 27.8 ± 2.4 25.6 ± 2.0 26.8 ± 1.7 33.3 ± 2.4 28.6 ± 2.1 31.1 ± 1.6 0.037c

Zinc (mg/ 1000 kcal)b 5.00 ± 0.22 5.33 ± 0.34 5.19 ± 0.21 5.88 ± 0.23 5.78 ± 0.31 5.86 ± 0.2 0.022c

Vitamin A (μg/ 1000 kcal)b 362.9 ± 34.4 360.6 ± 41.5 373.2 ± 27.7 375.2 ± 28.2 534.6 ± 77.7 449.5 ± 40.9 0.046c

Vitamin D (mg/ 1000 kcal)b 2.31 ± 0.42 1.77 ± 0.18 2.07 ± 0.25 1.99 ± 0.18 2.11 ± 0.25 2.05 ± 0.15 0.362c

Vitamin E (mg/ 1000 kcal)b 6.58 ± 0.52 6.89 ± 0.49 6.79 ± 0.37 6.83 ± 0.39 6.48 ± 0.48 6.65 ± 0.31 0.667 

Thiamin (mg/ 1000 kcal)b 0.64 ± 0.04 0.73 ± 0.06 0.69 ± 0.04 0.84 ± 0.05 0.72 ± 0.05 0.79 ± 0.04 0.037c

Ribofl avin (mg/ 1000 kcal)b 0.79 ± 0.07 0.78 ± 0.06 0.79 ± 0.04 0.99 ± 0.06 0.92 ± 0.07 0.97 ± 0.05 0.003c

Vitamin B6 (mg/ 1000 kcal)b 0.89 ± 0.05 1.07 ± 0.08 0.99 ± 0.05 1.30 ± 0.08 1.25 ± 0.08 1.27 ± 0.06 <0.001c

Folate (μg/ 1000 kcal)b 87.1 ± 10.3 95.8 ± 6.3 93.0 ± 6.4 128.1 ± 9.6 110.1 ± 6.9 119.7 ± 6.3 <0.001c

Vitamin B12 (mg/ 1000 kcal)b 3.46 ± 0.96 2.26 ± 0.29 2.96 ± 0.55 3.27 ± 0.62 2.87 ± 0.44 3.04 ± 0.39 0.257c

Niacin (mg/ 1000 kcal)b 9.28 ± 0.53 9.13 ± 0.61 9.15 ± 0.42 11.67 ± 0.68 10.81 ± 0.58 11.24 ± 0.46 0.001c

Vitamin C (mg/ 1000 kcal)b 46.2 ± 7.6 54.0 ± 5.4 52.0 ± 4.9 67.4 ± 6.6 57.2 ± 5.5 61.2 ±4.2 0.025c

Dietary Infl ammatory Index^ 6.11 ± 0.43 5.73 ± 0.39 5.84 ± 0.31 4.44 ± 0.35 4.49 ± 0.35 4.48 ± 0.25 <0.001c

Physical Activity# 9.07 ± 0.18 9.07 ± 0.21 8.95 ± 0.14 9.06 ± 0.20 8.78 ± 0.18 9.03 ± 0.14 0.437
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aDietary intake as % of total energy intake; bdietary intake in gram or milligram per 1000 kcal of total 
energy intake; cwilcoxon signed ranks t-test for non-normally distributed data. *p value of paired t-test 
comparing baseline diet and weight maintenance diet in the whole group. ̂ Dietary infl ammatory index: 
The sum of dietary infl ammatory scores of each nutrient as calculated by Tabung et al. [26]; #physical 
activity was calculated using the Baecke questionnaire for habitual physical activity [27]. Data on dietary 
intake during the weight maintenance period are the average of dietary records obtained during the 
weight stable (WS) and the follow up (FU) periods; dietary intakes during WS and FU are provided 
in Supplementary Table 3.2; no signifi cant diff erences were found between LCD and VLCD groups 
(independent t-test) before and during weight maintenance; LCD: low calorie diet group; VLCD: very 
low calorie diet group, MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid. 

Table 3.3. Correlations between the dietary macronutrient content, the dietary infl ammatory index and 
its components, and weight regain.

Uncorrected Bivariate Correlation Partial Correlation 
(corrected for physical activity)

 r p r p
Dietary Infl ammatory Index^ 0.304b 0.032* 0.287 0.045*
Energy# ^^ 0.363a 0.018* 0.344 0.027*
Protein^^ -0.204b 0.196 -0.212 0.183
Carbohydrate^^ 0.157a 0.322 0.169 0.292
Sugars 0.043 0.786 0.058 0.721
Fat^^ -0.054a 0.735 -0.106 0.510
Saturated fat^^ -0.035a 0.824 -0.068 0.674
Trans fat^^ -0.060b 0.704 -0.090 0.577
MUFA^^ -0.018a 0.909 -0.059 0.714
PUFA^^ -0.043a 0.789 -0.070 0.663
Omega 3 fatty acids^^ -0.095a 0.551 -0.123 0.443
Omega 6 fatty acids^^ -0.027a 0.868 -0.065 0.684
Cholesterol^^ -0.052a 0.743 -0.060 0.711
Fiber^^ -0.240a 0.094 -0.170 0.242
Alcohol^^ 0.103b 0.517 0.124 0.442
Magnesium^^ -0.328a 0.034* -0.279 0.077
Iron^^ -0.017b 0.916 -0.092 0.566
Selenium^^ -0.280a 0.072 -0.277 0.080
Zinc^^ -0.289a 0.064 -0.253 0.111
Vitamin A^^ 0.002b 0.990 -0.072 0.655
Vitamin D^^ -0.026b 0.873 0.025 0.878
Vitamin E^^ -0.170b 0.283 -0.273 0.084
Thiamin^^ -0.199b 0.207 -0.138 0.388
Ribofl avin^^ -0.387a 0.011* -0.378 0.015*
Vitamin B6^^ -0.229a 0.144 -0.206 0.197
Folate^^ -0.313b 0.044* -0.290 0.066
Vitamin B12^^ -0.125b 0.429 -0.069 0.667
Niacin^^ -0.130a 0.413 -0.118 0.463
Vitamin C^^ -0.230b 0.142 -0.232 0.144

aPearson correlation for normally distributed data; bSpearman correlation for non-normally distributed 
data; *p<0.05 (2-tailed); All nutrient intakes were expressed as the total amount corrected for energy 
intake per day. #Energy intake was expressed in kcal/day; Data on dietary intake after weight loss is 
a combination on dietary intake during weight stable and follow up period; ^Dietary infl ammatory 
index: The sum of dietary infl ammatory scores of each nutrient as calculated by Tabung et al  [26]; 
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^^ Components of the dietary infl ammatory index; MUFA: mono-unsaturated fatty acid; PUFA: poly-
unsaturated fatty acid. Data on dietary macronutrient and DII were collected during weight maintenance 
period (average of D2 and D3), while weight regain was calculated as while weight regain is the diff erent 
between follow up (M4) and weight stable (M3).

DISCUSSION
This experimental study evaluated the associaƟ on of dietary intake with weight 
regain during a period of intended weight maintenance aŌ er successful weight loss. 
Subjects reduced their energy intake following a weight loss period, with no signifi cant 
diff erences between the groups that had aƩ ained their weight loss within fi ve or 
12 weeks. The macronutrient composiƟ on of the weight maintenance diet was not 
associated with weight regain. In contrast, we showed that the dietary infl ammatory 
index was posiƟ vely correlated with weight regain, confi rming that infl ammaƟ on 
may play a role in the regulaƟ on of body weight aŌ er weight loss. Intake of several 
individual micronutrients with anƟ -infl ammatory properƟ es, such as magnesium, 
folate and ribofl avin, were found to be negaƟ vely correlated with weight regain.

During the weight stable period, all subjects received dietary counseling to 
promote a healthy eaƟ ng paƩ ern based on the recommendaƟ ons of the Netherlands 
nutriƟ on centre [24]. According to this guideline, individuals should increase 
consumpƟ on of fruits, vegetables, whole grain cereals, and faƩ y fi sh. Those types 
of food provide a signifi cant amount of dietary vitamins (such as thiamin, ribofl avin 
and folate), minerals (such as magnesium and zinc), fi ber and omega-3 faƩ y acids, 
which are considered as anƟ -infl ammatory nutrients [20,28,29]. ReducƟ on of the 
consumpƟ on of saturated fat and trans fat is also recommended, which will lower 
the dietary infl ammatory index as well [20]. By adhering to these dietary guidelines, 
subjects should benefi t from having a diet with lower dietary infl ammatory index. 
Except for omega-3 faƩ y acid intake, intake of all the above nutrients showed 
signifi cant changes in the recommended direcƟ on during the weight maintenance 
period.

Energy intake during the weight maintenance period, but not dietary 
macronutrient composiƟ on, was correlated with weight regain. This fi nding is in line 
with Sacks et al. [15] who showed that the long-term maintenance of weight loss 
depended on the reduced calorie intake irrespecƟ ve of diet composiƟ on. However, 
this was diff erent from data from the DiOGenes trial [10,11] and other smaller scale 
intervenƟ on studies [12,13,14], which showed that increased protein intake helps 
to maintain weight loss. In the present study, the only dietary advice given during 
the WM period was to follow the Dutch naƟ onal recommendaƟ ons, and thus, 
experimental manipulaƟ on of the diet composiƟ on was minor, resulƟ ng in a wide 
variaƟ on of dietary composiƟ ons in a relaƟ vely limited number of subjects, making it 
diffi  cult to measure eff ects of individual macronutrients.
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In this study, we found significant associations between the dietary 
infl ammatory index and several of its components and weight regain. Based on our 
previous fi ndings showing that weight regain was associated with conƟ nued weight-
loss-induced adipocyte stress and infl ammaƟ on [17,18], the hypothesis of this study 
was that a diet with a higher infl ammatory index might also be associated with 
weight regain. The current results, indeed, seem to support this hypothesis. This is 
also supported by another study which showed that higher levels of infl ammaƟ on 
markers in the systemic circulaƟ on (insulin, IL-6 and leukocyte number) and a higher 
adipose Ɵ ssue infl ammaƟ on were associated with resistance towards weight loss and 
proneness to weight regain [30]. The associaƟ on between the dietary infl ammatory 
index and obesity was previously reported in a cross-secƟ onal study of adults [31]. 
This was confi rmed by a large cohort study which showed that dietary infl ammatory 
index can be used as a predictor of weight gain over eight years of follow-up, as well 
as of predisposiƟ on to the early development of obesity [32]. To our knowledge, this 
is the fi rst study to show the eff ect of the dietary infl ammatory index on weight regain 
in a weight loss trial. Overall, these results point to an important role of infl ammaƟ on 
in the modulaƟ on of body weight, the development of obesity and the tendency for 
body weight regain aŌ er weight loss.

The dietary infl ammatory index was based on a compilaƟ on of eff ects of 
specifi c nutrients and bioacƟ ve components that are derived from dietary histories. 
This calculaƟ on was proposed by Shivappa et al. [20] and modifi ed by Tabung et 
al. [26], The posiƟ ve eff ects of pro-infl ammatory nutrients such as vitamin B12, 
carbohydrate, cholesterol, energy, total fat, iron, protein, saturated fat and trans fat 
were added up, and then the negaƟ ve eff ects of anƟ -infl ammatory nutrients such 
as vitamin B6, fi ber, folic acid, Mg, MUFA, niacin, omega-3 faƩ y acid, omega-6 faƩ y 
acid, PUFA, ribofl avin, selenium, thiamin, vitamin A, vitamin C, vitamin D and vitamin 
E were subtracted. One limitaƟ on of our study is that we could not include all 45 
components of the dietary infl ammatory index that were proposed by Shivappa et 
al. [20]. This has also been the case in other studies, where the number of included 
dietary components ranged between 17 and 44 [21,22,26,32].

The components of dietary infl ammatory index might also have an individual 
impact on weight regain. Therefore, correlaƟ on analyses were done separately 
based on each component. We showed that the intake of several micronutrients 
with anƟ -infl ammatory properƟ es, such as magnesium, ribofl avin and folate was 
negaƟ vely correlated with weight regain. However, from those three micronutrients, 
only ribofl avin intake remained signifi cantly correlated with weight regain aŌ er 
correcƟ on for physical acƟ vity. Regular physical acƟ vity has been shown to have anƟ -
infl ammatory properƟ es [33].

There are no prior data on the associaƟ on between dietary magnesium, folate 
and ribofl avin and the protecƟ on against weight regain in overweight and obese 
individuals. We suggest that this eff ect is due to the anƟ -infl ammatory properƟ es of 



CHAPTER 3
Dietary Intake after Weight Loss and the Risk of Weight Regain: Macronutrient Composition and Infl ammatory Properties of the Diet

40

those micronutrients. Magnesium is suggested as a protecƟ ve factor against oxidaƟ ve 
stress, since hypomagnesemia was accompanied by a greater degree of oxidaƟ ve 
stress in humans [34]. Folate has been associated with a reducƟ on of infl ammatory 
signals in overweight individuals [35]. AddiƟ onally, a low folate concentraƟ on was 
correlated with increasing risk of obesity [36]. These results suggest that there may 
be a potenƟ al role for magnesium and folate intake in body weight regulaƟ on via 
their eff ect on infl ammaƟ on.

A role for ribofl avin in the regulaƟ on of body weight has not yet been established 
or understood. It was previously shown that dietary ribofl avin was protecƟ ve 
against obesity [36]. In contrast, a populaƟ on-based ecological study showed that 
a higher consumpƟ on of ribofl avin per capita was associated with increased risk for 
obesity [37]. In vitro, inducƟ on of ribofl avin in adipocytes was able to reduce pro-
infl ammatory factors such as tumor necrosis factor alpha, interleukin-6, MCDP-1 
and HMGB1, while at the same Ɵ me increasing anƟ -infl ammatory markers such as 
adiponecƟ n and interleukin 10. In addiƟ on, ribofl avin supplementaƟ on in vitro was 
able to prevent macrophage infi ltraƟ on in adipose Ɵ ssue [38]. Ribofl avin defi ciency 
was associated with higher cellular stress in adipocytes, as shown by increased 
obesity-related apoptosis, reacƟ ve oxygen species and infl ammaƟ on markers [39]. 
A high dietary intake of ribofl avin might therefore be hypothesized to reduce weight 
loss-induced adipose Ɵ ssue stress and infl ammaƟ on and thus prevent weight regain.

This study has several strengths and limitaƟ ons. To evaluate the associaƟ on 
between dietary intake and weight regain aŌ er weight loss, this study applied an 
adequate study design with rigorous and strict weight loss regimes as well as a well-
managed monitoring system. Compared to other long-term lifestyle-based weight 
loss studies, the drop-out rate of the subjects in this study was low. LimitaƟ ons of 
this study include the small number of parƟ cipants and the data collecƟ on on dietary 
intake for which we relied on three days of self-reported dietary records, which are 
known to be biased by underreporƟ ng. UnderreporƟ ng of total energy intake and 
specifi c nutrients, such as saturated fat and sugar, will infl uence the calculaƟ on 
of the DII. However, this may be less important for the correlaƟ on analyses, if 
underreporƟ ng is comparable in all parƟ cipants. Another limitaƟ on of the study is 
that the DII was formulated based on a limited number of items, and thus, the eff ect 
of other items in the DII will be underesƟ mated in this study. The DII explained only 
~9% of the variaƟ on in weight regain in our study. However, very strong associaƟ ons 
are not to be expected given the complexity of body weight regulaƟ on. Several other 
factors, including a reducƟ on in basal and acƟ vity-related energy expenditure, a 
higher level of physical acƟ vity, changes in hunger- and saƟ ety-associated hormones, 
and an increase in fat cell stress in response to fat mass reducƟ on have also been 
suggested to play a role [7,8,23]. Moreover, a causal relaƟ onship between DII and 
weight regain cannot be derived from this study. To confi rm these results, further 
studies are needed to evaluate the eff ect of diets with lower infl ammatory index on 
weight regain in an experimental design.
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In summary, we found no evidence for a role of macronutrient composiƟ on 
of diet aŌ er a weight loss intervenƟ on for the prevenƟ on of weight regain in this 
study. On the other hand, the infl ammatory properƟ es of the diet during the weight 
maintenance period may play a role in weight regain aŌ er a diet-induced weight 
loss program in overweight and obese adults. Further research should invesƟ gate 
whether tailoring diet with the aim to reduce the dietary infl ammatory index is a 
potenƟ al approach to improve weight maintenance.
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Supplementary Table 3.1. Anthropometric data throughout the weight loss intervenƟ on.

Baseline 
(M1)

Weight Loss 
Period (M2)

Weight Stable
Period (M3)

Follow Up 
Period (M4)

LCD 
(n=29)

VLCD 
(n=28)

LCD (n=29) VLCD (n=28) LCD (n=29) VLCD (n=28) LCD (n=28) VLCD (n=27)

Age (years) 51.8 ± 1.9 50.7 ± 1.5

Height (cm) 171.7 ± 1.6 172.9 ± 1.8

Weight (kg) 92.4 ± 1.9 92.6 ± 1.8 84.2 ± 1.9 83.6 ± 1.6 84.0 ± 1.9 83.3 ± 1.7 88.4 ± 2.0 88.1 ± 1.9

BMI (kg/m2) 31.3 ± 0.5 31.0 ± 0.4 28.6 ± 0.5 28.0 ± 0.4 28.5 ± 0.5 27.9 ± 0.4 30.0 ± 0.5 29.2 ± 0.5

Fat mass (%) 39.9 ± 1.8 39.7 ± 1.5 34.5 ± 2.1 35.0 ± 1.8 33.8 ± 2.1 33.8 ± 1.8 36.5 ± 2.0 36.1 ± 1.8

Fat free mass (%) 60.1 ± 1.8 60.3 ± 1.5 65.5 ± 2.1 65.0 ± 1.8 66.2 ± 2.1 66.2 ± 1.8 63.5 ± 2.0 63.9 ± 1.8

Fat mass (kg) 36.6 ± 1.7 36.2 ± 1.2 29.0 ± 1.9 28.8 ± 1.4 28.3 ± 2.0 27.5 ± 1.3 32.2 ± 2.0 31.3 ± 1.5

Fat free mass (kg) 55.4 ± 2.2 55.9 ± 2.2 54.9 ± 2.1 54.3 ± 2.2 55.2 ± 2.2 55.1 ± 2.3 56.0 ± 2.3 56.1 ± 2.3

Waist circumference (cm) 102.6 ± 2.0 101.9 ± 1.5 95.3 ± 1.8 94.2 ± 1.4 94.3 ± 2.0 95.0 ± 1.3 98.3 ± 1.9 97.9 ± 1.6

Hip circumference (cm) 110.8 ± 1.3 111.1 ± 1.1 105.8 ± 1.4 105.2 ± 1.0 104.6 ± 1.4 104.9 ± 0.9 106.7 ± 1.8 105.7 ± 1.3

No signifi cant diff erences were found between LCD and VLCD at any Ɵ me point.
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Supplementary Table 3.2. Data on dietary intake, dietary infl ammatory index, and physical acƟ vity at D2 
and D3.

Weight Stable 
(D2)

Follow Up 
(D3)

LCD VLCD All LCD VLCD All

Energy intake (kcal/day) 1666 ± 89 1614 ± 91 1641 ± 64 1773 ± 147 1827 ± 100 1800 ± 88

Protein (%)a 21.9 ± 1.0 20.5 ± 0.8 21.2 ± 0.6 18.2 ± 1.0 19.4 ± 0.8 18.8 ± 0.6##

Carbohydrate (%)a 46.6 ± 1.6 47.2 ± 0.9 46.9 ± 0.9 48.5 ± 1.4 45.3 ± 1.6 46.9 ± 1.1

Sugars (%)a 22.1 ± 1.5 19.3 ± 1.2 20.8 ± 1.0 12.9 ± 1.1 11.06 ± 0.77 11.97 ± 0.69###

Fat (%)a 30.2 ± 1.3 31.0 ± 1.0 30.7 ± 0.8 30.9 ± 1.2 33.2 ± 1.5 32.1 ± 0.9

Saturated fat (g/ 1000 kcal)b 11.6 ± 0.6 11.9 ± 0.5 11.7 ± 0.4 11.9 ± 0.8 13.7 ± 0.8 12.8 ± 0.6

Trans fat (g/ 1000 kcal)b 0.87 ± 0.15 0.90 ± 0.07 0.89 ± 0.09 0.79 ± 0.09 1.00 ± 0.10 0.89 ± 0.068

MUFA (mg/ 1000 kcal)b 12.2 ± 0.8 11.7 ± 0.5 11.9 ± 0.5 11.9 ± 0.5 12.8 ± 0.61 12.3 ± 0.4

PUFA (mg/ 1000 kcal)b 6.36 ± 0.37 7.40 ± 0.45 6.85 ± 0.30 7.15 ± 0.45 6.66 ± 0.54 6.91 ± 0.35

Omega 3 fatty acids (mg/ 1000 kcal)b 0.88 ± 0.08 0.83 ± 0.07 0.86 ± 0.05 0.91 ± 0.14 0.85 ± 0.10 0.88 ± 0.08

Omega 6 fatty acids (mg/ 1000 kcal)b 4.98 ± 0.30 5.79 ± 0.44 5.36 ± 0.26 5.36 ± 0.37 5.27 ± 0.45 5.31 ± 0.29

Cholesterol (mg/ 1000 kcal)b 116.6 ± 12.1 96.5 ± 9.1 107.2 ± 7.8 98.72 ± 10.01 115.5 ± 12.9 107.1 ± 8.2

Fiber (g/ 1000 kcal)b 13.82 ± 0.70 15.09 ± 0.93 14.42 ± 0.57 12.79 ± 0.86 12.40 ± 0.59 12.59 ± 0.52#

Alcohol (g/ 1000 kcal)b 1.93 ± 0.66 1.76 ± 0.75 1.85 ± 0.49 3.26 ± 0.92 3.02 ± 0.93 3.14 ± 0.65

Magnesium (mg/ 1000 kcal)b 194.9 ± 7.1 188.3 ± 7.1 191.8 ± 5.0 181.7 ± 10.7 177.9 ± 6.7 179.8 ± 6.2

Iron (mg/ 1000 kcal)b 7.17 ± 0.32 7.10 ± 0.26 7.14 ± 0.21 7.31 ± 0.55 6.89 ± 0.21 7.10 ± 0.29

Selenium (mg/ 1000 kcal)b 35.2 ± 2.6 28.6 ± 2.4 32.1 ± 1.8 28.3 ± 2.3 28.9 ± 2.8 28.6 ± 1.8

Zinc (mg/ 1000 kcal)b 6.19 ± 0.23 6.17 ± 0.36 6.18 ± 0.21 5.45 ± 0.43 5.56 ± 0.30 5.50 ± 0.26#

Vitamin A (μg/ 1000 kcal)b 355.5 ± 29.6 626.0 ± 134.2 483.1 ± 67.2 403.2 ± 44.1 451.0 ± 58.3 427.1 ± 36.3

Vitamin D (mg/ 1000 kcal)b 1.88 ± 0.19 2.09 ± 0.18 1.98 ± 0.13 2.08 ± 0.27 2.19 ± 0.50 2.13 ± 0.28

Vitamin E (mg/ 1000 kcal)b 6.45 ± 0.45 6.52 ± 0.59 6.49 ± 0.36 7.17 ± 0.58 6.60 ± 0.60 6.89 ± 0.42

Thiamin (mg/ 1000 kcal)b 0.82 ± 0.05 0.80 ± 0.06 0.81 ± 0.04 0.85 ± 0.08 0.67 ± 0.05 0.76 ± 0.05

Ribofl avin (mg/ 1000 kcal)b 1.06 ± 0.07 0.97 ± 0.07 1.02 ± 0.05 0.91 ± 0.09 0.88 ± 0.10 0.89 ± 0.07

Vitamin B6 (mg/ 1000 kcal)b 1.36 ± 0.09 1.41 ± 0.10 1.38 ± 0.07 1.25 ± 0.10 1.07 ± 0.08 1.16 ± 0.07##

Folate (μg/ 1000 kcal)b 129.4 ± 9.6 115.9 ± 9.7 123.03 ± 6.8 121.4 ± 15.19 106.6 ± 5.1 114.0 ± 7.99

Vitamin B12 (mg/ 1000 kcal)b 3.57 ± 0.77 3.06 ± 0.73 3.33 ± 0.53 2.94 ± 0.64 2.80 ± 0.34 2.86 ± 0.36

Niacin (mg/ 1000 kcal)b 11.92 ± 0.76 10.99 ± 0.67 11.48 ± 0.51 10.84 ± 0.92 10.30 ± 0.69 10.57 ± 0.57

Vitamin C (mg/ 1000 kcal)b 76.2 ± 8.1 57.2 ± 6.5 67.2 ± 5.4 52.5 ± 7.0 57.4 ± 6.3 54.9 ± 4.7

Dietary Infl ammatory Index^ 4.37 ± 0.36 4.10 ± 0.44 4.24 ± 0.28 4.60 ± 0.54 5.14 ± 0.35 4.87 ± 0.32

Physical Activity 9.21 ± 0.22 8.97 ± 0.18 9.06 ± 0.14 8.95 ± 0.20 8.60 ± 0.21 8.80 ± 0.14##

aDietary intake as % of total energy intake; bDietary intake in gram or milligram per 1000 kcal of total 
energy intake; ^Dietary infl ammatory index: The sum of dietary infl ammatory scores of each nutrient as 
calculated by Tabung et al [26]; P value #<0.05, ##<0.01 and ###<0.001 for diff erence between D2 and D3 
(paired t-test or Wilcoxon test). No signifi cant diff erences were found between LCD and VLCD groups 
(independent t-test) at any time point. LCD: low calorie diet group ; VLCD: very low calorie diet group, 
MUFA: mono-unsaturated fatty acid; PUFA: poly-unsaturated fatty acid.
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ABSTRACT
Obesity is associated with increased systemic infl ammaƟ on. The objecƟ ve of this 
study was to invesƟ gate the eff ect of a low calorie low infl ammatory diet (LCID) on 
infl ammaƟ on markers, body weight and metabolic syndrome parameters in obese 
adults. We hypothesize that LCID can provide a benefi cial eff ect on infl ammaƟ on 
markers in addiƟ on to a reducƟ on of body weight and metabolic  syndrome 
parameters. This was a randomized controlled trial conducted for 8 weeks in 
61 male and female Indonesian adults with obesity (51 completers). Subjects 
were randomly divided into 2 groups: a low-calorie diet (LCD) and a LCID group. 
Markers of infl ammaƟ on (hs-CRP, TNF-alpha, and IL-6), anthropometric variables 
and metabolic syndrome parameters (blood pressure, lipid profi le, and fasƟ ng 
glucose) were measured before and at the end of the intervenƟ on. At the end of the 
intervenƟ on, there was a signifi cant increase of plasma TNF-alpha (p<0.001) and IL-6 
concentraƟ ons (p=0.015), but no signifi cant changes in hs-CRP level (p=0.707) in the 
whole group. Subjects in the LCID group had a lower hs-CRP (p=0.029), compared to 
those in the LCD group, but no diff erence was seen in TNF-alpha (p=0.319) and IL-6 
(p=0.628). Subjects in both groups had a signifi cant reducƟ on in body weight, body 
fat, lipid profi le and blood pressure (all p<0.05) with no diff erences between groups 
(all p>0.05). This study showed that the LCID had benefi cial eff ects on hs-CRP during 
a weight loss intervenƟ on compared to the LCD but not on TNF-alpha, and IL-6, and 
this eff ect was independent of changes in body composiƟ on. Compared to LCD, LCID 
did not infl uence diff erence in the changes of body weight, body composiƟ on and 
metabolic syndrome parameters markers.

Keywords: infl ammaƟ on, diet, obesity, weight loss, CRP.
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INTRODUCTION
Obesity aff ects millions of adults worldwide and this condiƟ on is associated with 
increased risk for non-communicable diseases, such as type 2 diabetes mellitus 
and cardiovascular diseases [1]. Infl ammaƟ on has been suggested as an important 
mediator between obesity and the development of cardiovascular diseases [2,3]. 
Obesity is associated with increased systemic and adipose Ɵ ssue infl ammaƟ on 
[4]. Hypertrophic adipose Ɵ ssue shows elevated immune cell infi ltraƟ on and 
higher producƟ on of pro-infl ammatory cytokines [4]. The role of infl ammaƟ on in 
the development of diabetes mellitus, hypertension, and dyslipidemia has been 
invesƟ gated in the past few decades [3] and studies suggest that infl ammaƟ on leads 
to insulin resistance, disrupƟ on of the renin-angiotensin system, and damage of the 
arterial wall [3]. The insulin resistance then leads to increased producƟ on of hepaƟ c 
lipoproteins leading to dyslipidemia. 

In individuals with obesity, weight loss intervenƟ ons are associated with a 
reducƟ on of the clinical signature of cardiovascular diseases and diabetes mellitus 
(such as elevated blood pressure, triglycerides, low-density lipoprotein cholesterol, 
fasƟ ng glucose and HbA1c) [5] as well as of premature mortality [6]. Weight loss 
was also associated with a reducƟ on in circulaƟ ng infl ammaƟ on markers, such as 
hs-CRP (high sensiƟ vity C-reacƟ ve protein), in several studies [7-9]. However, other 
studies found no reducƟ on in hs-CRP aŌ er weight loss [10,11] and adipose Ɵ ssue 
infl ammatory pathways have been reported to be up-regulated during calorie 
restricƟ on and these pathways were only gradually down-regulated during the 
follow-up period [12,13]. In addiƟ on to hs-CRP, previous invesƟ gaƟ ons showed a 
controversy whether other infl ammatory markers such as plasma TNF-alpha and IL-6 
concentraƟ ons were increased or unchanged at the end of a weight loss program 
[14,15,16]. 

One of the factors aff ecƟ ng the infl ammatory status is diet composiƟ on [17]. 
Several tools to assess the infl ammatory properƟ es of the diet have been developed 
such as the dietary infl ammatory index (DII) [18], the dietary infl ammaƟ on score [19] 
and the food-based index of dietary infl ammatory potenƟ al [20]. The score on these 
indices has been shown to be associated with systemic infl ammaƟ on in populaƟ on-
based studies [19-22]. 

The main objecƟ ve of this study was to invesƟ gate the eff ect of weight loss on 
diff erent infl ammatory markers and whether this eff ect is modifi able by diet in adults 
with obesity. Thus, we developed a Low Calorie Low Infl ammatory Diet (LCID), a diet 
with the aim to induce a calorie defi cit as well as to reduce infl ammaƟ on during a 
weight loss program. The diet was inspired by Mediterranean diet principle which 
previously was shown to reduce infl ammaƟ on [23]. We hypothesize that LCID can 
provide a benefi cial eff ect on infl ammaƟ on markers in addiƟ on to a reducƟ on of 
body weight and metabolic  syndrome parameters. If the composiƟ on of the energy-
restricted diet is indeed able to have a (further) benefi cial eff ect on the infl ammatory 
status, this might lead to an improved standard for dietary counseling for weight loss. 
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MATERIALS AND METHODS
Study Subjects 
This was a randomized controlled trial in Indonesian male and female obese adults. 
The intervenƟ on was conducted in Yogyakarta, Indonesia. The inclusion criteria for 
this study were adults between 21 and 56 years old and body mass index (BMI) 
higher than 27.5 kg/m2. The cut off  point is lower in Asian populaƟ on because the 
health risk is greater than those non-Asian populaƟ on with the same BMI [24]. The 
exclusion criteria were current chronic diseases such as type 2 diabetes mellitus and 
heart diseases, elevated blood pressure (systolic > 140 mm Hg and/or diastolic > 
90 mmHg) and blood glucose concentraƟ ons (higher than 11.1 mmol/L for random 
and 6.94 mmol/L for fasƟ ng glucose), pregnancy, breasƞ eeding, smoking, long-term 
consumpƟ on of certain drugs (such as meƞ ormin, allopurinol and simvastaƟ n), 
being on a weight loss diet or using weight loss supplements, drugs or herbal 
preparaƟ ons. This study followed the ethical guidelines of the 1975 DeclaraƟ on of 
Helsinki. Registered under Medical and Health Research Ethics CommiƩ ee, Faculty of 
Medicine, Public Health and Nursing, Universitas Gadjah Mada, Indonesia idenƟ fi er 
number KE/0560/05/2017.

Subjects were recruited by announcements via fl yers, a webpage, and social 
media in October 2017. A total of 195 individuals applied to become parƟ cipants via 
short messages, phone, and email. Of those 195, 77 subjects had a BMI above 27.5 
kg/m2. Those subjects were then invited to the university for measurements of blood 
glucose and blood pressure. 61 subjects were eligible and willing to parƟ cipate in the 
study aŌ er having the protocol explained, including the changes in dietary intake 
and an exercise rouƟ ne at the university 2 Ɵ mes a week. The minimum number of 
subjects in each group was calculated based on β value 10%, α value 0.05, expected 
mean difference in hs-CRP = 1.3 mg/L  and standard deviaƟ on = 1.9 mg/L (moderate 
change) [25]. Result from the calculaƟ on was a total of 23 subjects in each group.

Eligible subjects were randomized into 2 groups, the low-calorie diet group 
(LCD) and the low calorie low infl ammatory diet group (LCID). The randomizaƟ on was 
done using an online randomizaƟ on tool (hƩ ps://www.randomizer.org) straƟ fi ed 
for sex. Subjects were blinded to the type of dietary group while researchers and 
nutriƟ onists were not blinded. The intervenƟ on included dietary counseling and an 
exercise program. The duraƟ on of the intervenƟ on was 8 weeks. 

Dietary Recommendations
The dietary recommendaƟ ons for weight loss in this study were given by trained 
nutriƟ onists. The counseling sessions were done at the beginning of the study, and 
every 2 weeks thereaŌ er. Subjects were asked to stay on the LCD and LCID regime 
unƟ l post-test assessments were done.  
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The dietary recommendaƟ ons given by nutriƟ onists were based on two 
components: 1) explanaƟ on of the principles of the diet and 2) prescribing a one-day 
meal plan that could be followed by the parƟ cipant. Subjects were allowed to change 
their meal plan by exchange with other meals with similar caloric and macronutrient 
contents. They were provided with a list of foods and their porƟ on size with a similar 
calorie and macronutrient content. If subjects had problems following the meal 
plan that had been provided, the nutriƟ onists could help them arrange the closest 
meal plan that the subject could achieve. The recommended one-day meal plan was 
divided into 5 meals per day: breakfast, lunch, dinner and 2 snacks (morning and 
aŌ ernoon). 

Subjects in this study were divided into two groups: LCD and LCID. The 
recommendaƟ on for total energy intake was the same in both groups, i.e. 1500 kcal 
per day. Subjects in both groups also had the same distribuƟ on of calories over their 
daily meals. However, subjects in the LCD and the LCID group followed diff erent 
dietary principles. Subjects in the LCD group only had to adhere to the reducƟ on in 
energy intake, subjects in the LCID group were also given advice on how to lower the 
infl ammatory properƟ es of their diet. For instance, consuming white meat or soy 
products instead of red meat as the source of protein; always eat fruit in between 
meals as snacks, avoid sugary food such as cake and other party products. Details 
about the diff erence in dietary advice between the low-calorie diet and low calorie 
low infl ammatory diet groups can be found in Table 4.1.

Table 4.1. The dietary recommendaƟ ons in the LCD and LCID groups.

Low-Calorie Diet (LCD)
(1500 kcal/day)

Low Calorie Low Infl ammatory Diet (LCID)
(1500 kcal/day)

• Eat and drink according to the prescribed diet. • Same recommendations as LCD group plus:

• Always read the nutritional facts before eating any 
packaged food or check the energy content. 

• Use olive oil as main culinary fat.

• Distribute your food over 5 meals per day • Consume a minimum of 2 servings of vegetables per 
day.

• When consuming milk, please make sure that it 
is preferably skimmed or semi-skimmed and the 
yogurts skimmed and without added sugar.

• Consume a minimum of 3 servings of fruits per day.

• Consume fresh fruits, preferably seasonal fruit • Increase consumption of legumes (3 serving per day).

• Avoid fruit juice as it loses its fi bre but retains its 
sugar.

• Increase consumption of nuts (3 serving per day).

• Avoid consumption of fatty sausages. • Increase consumption of fi sh or shellfi sh (1-3 servings 
per day).

• Drink preferably drinking water or infusions without 
sugar.

• Change meat products from red meat (beef, goat and 
lamb) into chicken or fi sh.

• Avoid the consumption of sweetened, carbonated 
and alcoholic beverages.

• Avoid consuming sweets and pastries

• Avoid consuming butter, margarine and cream

• Use seasoning like garlic, onion, ginger for cooking

• Drink tea, coff ee or ginger with no or limited sugar.
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The LCID regime was based on the principles of the Mediterranean diet 
(hƩ ps://dietamediterranea.com/nutricion-saludable-ejercicio-fi sico/) because this 
type of diet was previously shown to be associated with a reducƟ on of infl ammatory 
markers compared with a typical western diet [23]. The compliance with this dietary 
recommendaƟ on was assessed by the Mediterranean Diet score [26] as well as from 
the intake of its food components (vegetables, fruits, white meat, red meat, legumes 
and fi sh/seafood).

Exercise
The exercise was an integral part of this intervenƟ on study. Subjects in the LCD and 
LCID groups followed the same exercise regime. This included one session of aerobic 
exercise and one session of dumbbell exercise every week. The dumbbell combined-
resistance exercise was a combinaƟ on of aerobic and strength exercise where 
subjects used dumbbells or their own weight. The duraƟ on of each exercise session 
was 60 minutes, which was composed of 15 minutes of warming-up, 30 minutes of 
core exercise and 15 minutes of cooling down. All the exercise sessions were done 
in a group seƫ  ng with an instructor leading the group exercises. In total, subjects 
undertook 16 sessions of exercise. The exercise program was the same in both 
groups. Subjects in the LCD and LCID groups exercised in diff erent group sessions 
with a diff erent schedule. The aim of this separaƟ on was to prevent informaƟ on 
exchange between subjects in the two groups. 

Anthropometric Measurements
Anthropometric measurements were done to evaluate the eff ect of diet on changes 
in adiposity. The anthropometric measures included body weight (kg), body mass 
index (BMI) (kg/m2), total body fat (%), visceral fat (%), subcutaneous fat (%), muscle 
mass (%), waist circumference (cm), hip circumference (cm), and waist-to-hip raƟ o 
(WHR). Body weight, percent body fat, total body fat, visceral fat, subcutaneous fat, 
and muscle mass were measured using a bioelectrical impedance body composiƟ on 
monitor and scale (0.01 kg precision; Omron Karada Scan HBF-375, Osaka, Japan). 
Height was measured using a wall-mounted tape (0.1 cm precision, GEA medical, 
Jakarta, Indonesia). Waist and hip circumference were measured using a non-elasƟ c 
tape (0.1 cm precision). All anthropometric measurements were done by trained 
personnel using calibrated instruments at baseline and at the end of the intervenƟ on.  

Assessment of dietary intake and Mediterranean Diet (MD) score
Dietary intake was assessed before the intervenƟ on (week 0) and at the end of the 
intervenƟ on (week 9). The dietary intake at week 0 and week 9 was assessed using 
a semi-quanƟ taƟ ve food frequency quesƟ onnaire (SQ-FFQ). Together with the SQ-
FFQ, a separate quesƟ onnaire was used to assess the Mediterranean Diet (MD) 
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score [26]. The SQ-FFQ that was used in this study has been validated [27] and used 
before in the same locaƟ on in a similar study populaƟ on [28]. The analysis of the 
SQ-FFQ data was based on the food data base of Indonesian foods and that of the 
United States Department of Agriculture [29]. Data collecƟ on for the SQ-FFQ was 
done by a face-to-face interview with trained nutriƟ onists. The SQ-FFQ contains data 
on the amount of foods consumed and the frequency. Data on foods intake were 
transformed into the amount of consumed foods per day. Furthermore, analysis of 
individual nutrient intakes was done for each food and then compiled into total daily 
nutrient intake. The intake of energy, protein, fat, saturated fat, trans fat, cholesterol, 
monounsaturated faƩ y acid, polyunsaturated faƩ y acid, omega 3 faƩ y acid, omega 
6 faƩ y acid, carbohydrate, fi bre, alcohol, iron, magnesium, selenium, zinc, vitamin 
A, thiamin, ribofl avin, niacin, vitamin B6, folate, vitamin B12, vitamin C, vitamin D, 
vitamin E, beta carotene, tea and caff eine was esƟ mated because their associaƟ on 
with infl ammaƟ on [18].

The MD score was assessed according to Martínez-González et al [26]. The 
score was calculated based on 14 quesƟ ons regarding foods and drinks that are 
encouraged or avoided in a Mediterranean diet: 1) The usage of olive oil as main 
culinary fat; 2) daily consumpƟ on of olive oil; 3) daily consumpƟ on of vegetables; 
4) daily consumpƟ on of fruit; 5) daily consumpƟ on of red meat and other meat 
products; 6) daily consumpƟ on of buƩ er, margarine or cream; 7) daily consumpƟ on 
of carbonated beverages; 8) weekly consumpƟ on of wine; 9) weekly consumpƟ on 
of legumes; 10) weekly consumpƟ on of fi sh or seafood; 11) weekly consumpƟ on 
of commercial sweets and pastries; 12) weekly consumpƟ on of nuts; 13) preferred 
consumpƟ on of white meat instead of red meat; 14) weekly consumpƟ on of sofrito 
(tomato sauce). A higher MD score represents higher adherence towards the 
Mediterranean diet principle.

Physical acƟ vity was assessed using the global physical acƟ vity quesƟ onnaire 
(GPAQ) [30]. This quesƟ onnaire contains informaƟ on on the intensity and duraƟ on 
of several acƟ viƟ es including work/job, transportaƟ on, house-related work and 
maintenance, recreaƟ on, exercise, and leisure-Ɵ me physical acƟ vity. Each acƟ vity 
has a unique MET (metabolic equivalent of task) score, which represents the amount 
of energy used for a certain type of acƟ vity as mulƟ ple of resƟ ng metabolic rate. In 
order to obtain an overall picture of the individual’s physical acƟ vity, all acƟ viƟ es that 
have been reported in GPAQ are transformed into MET-minutes/week. The GPAQ 
was developed, validated for the Indonesian populaƟ on and used before [30]. 

Assessment of markers of the metabolic syndrome 
Blood pressure was measured using an Omron HEM 7120 AutomaƟ c Blood Pressure 
device (Omron, Japan). This measurement was done aŌ er at least 10 minutes rest 
from recent acƟ vity and the subjects were asked to sit in a comfortable siƫ  ng posiƟ on 
with their leŌ  arm fully exposed and resƟ ng on a supporƟ ve surface at heart level. 
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Blood pressures were measured three Ɵ mes on the leŌ  arm using an appropriate cuff  
size. For analysis, the average value of those three measurements was used.

Plasma concentraƟ ons of metabolic and infl ammaƟ on markers were 
measured in blood samples which were collected in the morning aŌ er an 8-10 hours 
fast. A 5 mL blood sample was collected in a ethylenediaminetetraaceƟ c acid (EDTA)-
containing tube. AŌ er collecƟ on, blood plasma was separated by centrifugaƟ on and 
stored at -80oC. Plasma concentraƟ ons of total cholesterol, high density lipoprotein 
cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c) were measured 
using the CHOD-PAP enzymaƟ c photometric test. Plasma triglyceride concentraƟ on 
was measured using the glycerol phosphate oxidase (GPO) method. FasƟ ng plasma 
glucose concentraƟ on was measured using the glucose hexokinase method (Diasys, 
Holzheim, Germany).

The presence of metabolic syndrome was established at baseline and at the 
end of the intervenƟ on based on the InternaƟ onal Diabetes FederaƟ on guideline 
[31]. The parameter of   metabolic syndrome includes central obesity (marked by 
waist circumference higher than 90 cm for men or 80 cm for women) and at least 
two of the following components: 1) raised triglycerides (higher than 1.7 mmol/L); 
2) reduced HDL-c (lower than 1.03 mmol/L for men or 1.29 mmol/L for women); 
3) raised blood pressure (systolic higher than 130 mmHg or diastolic higher than 
85 mmHg); 4) raised fasƟ ng glucose (higher than 5.6 mmol/L). Metabolic syndrome 
score was calculated by adding one of those components (waist circumference, 
triglyceride, HDL-C, blood pressure and fasƟ ng glucose) that higher than cut off  value 
in sex-specifi c manner.

 
Assessment of infl ammation markers
FasƟ ng plasma concentraƟ ons of hs-CRP, TNF-alpha and IL-6 were measured at 
baseline and at the end of the weight loss intervenƟ on. Hs-CRP, TNF-alpha and IL-6 
were measured using enzyme immunoassays (DRG, USA and FineTest, China).

Statistical Analysis
JASP soŌ ware (Version 0.8.3.1, The University of Amsterdam) was used for 
staƟ sƟ cal analysis in this study. The anthropometric measures, metabolic syndrome 
components, infl ammaƟ on markers, dietary intake, and physical acƟ vity were 
compared between subjects in the LCD and LCID group at baseline using an 
independent t-test. The diff erence in dietary intake (including total energy, nutrients 
intake, and Mediterranean diet score) between LCD and LCID, before and during 
intervenƟ on were analyzed using repeated measure ANOVA. The analysis was done 
on those with a complete dataset for each measurement. Main outcomes were the 
intervenƟ on (Ɵ me) eff ect, the group eff ect and the Ɵ me x group interacƟ on. Similar 
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to dietary intake, the anthropometric measures, metabolic syndrome parameters 
and infl ammaƟ on markers were compared between LCD and LCID group, before and 
at the end of the intervenƟ on using repeated measure ANOVA. Adjustment for sex 
and body fat changes was applied to the analysis of metabolic syndrome parameters, 
and infl ammaƟ on markers. The relaƟ onships between dietary components during a 
weight loss program and infl ammatory markers in the total group of subjects were 
examined using linear regression analysis. StaƟ sƟ cal signifi cance was obtained when 
the p-value was less than 0.05. All staƟ sƟ cal analyses were conducted 2-tailed.

RESULTS
This was a randomized controlled trial conducted among obese male and female 
adults in Indonesia.  From 61 subjects who iniƟ ally parƟ cipated in this study, 30 
subjects were assigned to the LCD group 31 subjects were assigned to the LCID group. 
Ten subjects dropped out (5 subjects in each group) during the intervenƟ on with 
the following reasons: 1) unable to follow the dietary regime and exercise due to 
personal reasons, 2) loss of interest and 3) loss of contact (Figure 4.1). There were no 
signifi cant diff erences in anthropometric measures, metabolic syndrome parameters 
or infl ammatory markers between the LCD and LCID group (Table 4.2; all p>0.05). 
AddiƟ onally, subjects in both groups had a comparable energy intake, and physical 
acƟ vity (Table 4.2; all p>0.05). 

Figure 4.1. Study fl ow diagram.
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Table 4.2. CharacterisƟ cs of subjects at baseline.

LCD (n=30) LCID (n=31) p*

Male/female 12/18 13/18

Age (years) 24.7 ± 5.3 24.0 ± 5.9 0.613

Anthropometric measures
   Height (cm) 161.6 ± 10.1 161.6 ± 9.6 0.994

   Weight (kg) 87.4 ± 13.5 87.3 ± 16.8 0.984

   BMI (kg/m2) 33.5 ± 4.1 33.1 ± 4.9 0.731

   Body fat (%) 35.9 ± 4.9 35.6 ± 5.6 0.826

   Visceral fat (%) 16.2 ± 16.2 15.5 ± 6.1 0.644

   Subcutaneous fat (%) 31.6 ± 7.9 31.1 ± 8.6 0.815

   Muscle (%) 25.3 ± 3.7 25.5 ± 4.1 0.843

   Waist circumference (cm) 96.5 ± 9.8 97.5 ± 10.7 0.711

   Hip circumference (cm) 110.1 ± 7.5 109.3 ± 10.5 0.730

   Waist-to-hip ratio 0.88 ± 0.07 0.90 ± 0.06 0.233

Energy intake (kcal/day) 2281 ± 936 2158 ± 908 0.605

Dietary infl ammatory index score 5.3 ± 4.4 5.0 ± 4.4 0.789

Physical activity (METs-min/weeks) 1273 ± 2946 1845 ± 2385 0.407

Markers of the metabolic syndrome 
   Glucose (mmol/L) 5.69 ± 0.96 5.74 ± 1.3 0.897

   Triglycerides (mmol/L) 1.47 ± 0.71 1.16 ± 0.55 0.066

   Total cholesterol (mmol/L) 4.85 ± 0.92 4.93 ± 0.82 0.713

   HDL-c (mmol/L) 1.71 ± 0.31 1.70 ± 0.23 0.857

   LDL-c (mmol/L) 4.60 ± 1.06 4.70 ± 0.74 0.655

   Systolic blood pressure (mmHg) 112.5 ± 11.6 114.7 ± 9.7 0.422

   Diastolic blood pressure (mmHg) 79.9 ± 8.3 80.9 ± 7.1 0.614

Infl ammation markers 
   hs-CRP (mg/L) 7.0 ± 4.1 6.6 ± 3.1 0.642

   TNF-alpha (pg/mL) 10.8 ± 3.4 11.1 ± 3.2 0.702

   IL-6 (pg/mL) 2.2 ± 1.6 3.5 ± 2.8 0.068

*Independent t-test. Data are presented as mean ± standard deviation. BMI: body mass index; hs-CRP: 
high sensitive C-reactive protein; HDL-c: high density lipoprotein cholesterol; IL-6: interleukin 6; LDL-c: 
low density lipoprotein cholesterol; TNF-alpha: tumor necrosis factor alpha; LCD: low calorie diet; LCID: 

low calorie low infl ammatory diet

Dietary intake and physical acƟ vity of 47 out of 51 subjects were recorded before 
and at the end of the weight loss intervenƟ on (Table 4.3). Subjects in both groups 
reduced their dietary intake and there was no signifi cant diff erence in total energy 
intake between groups (p=0.901). The adherence to the low-calorie diet was not very 
strict in both groups, thus only a modest reducƟ on in body weight was reported. We 
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found no signifi cant Ɵ me x group interacƟ ons for macro and micronutrient intakes 
nor for physical acƟ vity during the intervenƟ on (all p>0.05). The MD score in both 
groups as well as intakes of MD score components (diet composiƟ ons) are shown in 
Supplementary Table 4.1. Subjects in the LCID as well as the LCD group had a small 
increment in the MD score (p=0.034) during the intervenƟ on and no diff erences 
were seen between groups (p=0.645). There was no diff erence in physical acƟ vity, 
including parƟ cipaƟ on in the exercise program, between the LCD and LCID groups 
during the weight loss program (p=0.585). 

Table 4.3. Dietary intake and physical acƟ vity before and during the weight loss program. 

Pre Post

LCD (n=23) LCID (n=24) LCD (n=23) LCID (n=24) p* p^ p+

Energy (kcal) 2233 ± 203 2143 ± 200 1946 ± 130 1817 ± 146 0.053 0.565 0.901

Protein (g/1000kcal) 32.9 ± 1.7 32.2 ± 1.6 30.5 ± 1.5 33.3 ± 1.4 0.668 0.542 0.221

Fat (g/1000kcal) 30.5 ± 2.3 28.4 ± 2.2 26.1 ± 1.7 27.5 ± 1.8 0.135 0.868 0.331

Saturated fat (g/1000kcal) 12.6 ±1.0 11.8 ± 1.0 10.5 ± 0.7 11.2 ± 0.8 0.143 0.978 0.417

Trans fat (g/1000kcal) 0.10 ± 0.02 0.09 ± 0.02 0.06 ± 0.02 0.09 ± 0.03 0.088 0.661 0.088

Cholesterol (mg/1000kcal) 104.9 ± 12.8 96.4 ± 9.3 87.8 ± 11.8 116.7 ± 12.5 0.881 0.428 0.078

MUFA (g/1000kcal) 10.2 ± 0.8 9.5 ± 0.7 8.9 ± 0.7 9.4 ± 0.7 0.254 0.938 0.335

PUFA (g/1000kcal) 5.1 ± 0.4 5.0 ± 0.4 4.4 ± 0.4 4.5 ± 0.3 0.057 0.917 0.641

Omega 3 fatty acid (g/1000kcal) 0.14 ± 0.02 0.11 ± 0.02 0.14 ± 0.02 0.11 ± 0.02 0.995 0.245 0.774

Omega 6 fatty acid (g/1000kcal) 0.40 ± 0.07 0.38 ± 0.05 0.30 ± 0.05 0.41 ± 0.05 0.485 0.418 0.228

Carbohydrate (g/1000kcal) 146.5 ± 5.7 149.6 ± 5.7 159.8 ± 3.9 151.9 ± 4.1 0.073 0.656 0.203

Fiber (g/1000kcal) 8.2 ± 0.4 8.9 ± 0.6 9.8 ± 0.8 9.7 ± 0.6 0.026 0.611 0.394

Alcohol (g/1000kcal) 0.0 ± 0.0 0.6 ± 0.6 0.05 ± 0.04 0.01 ± 0.01 0.385 0.369 0.302

Fe (mg/1000kcal) 6.9 ± 0.3 6.8 ± 0.4 6.0 ± 0.3 6.7 ± 0.4 0.080 0.499 0.232

Mg (mg/1000kcal) 130.0 ± 8.1 141.0 ± 10.0 135.6 ± 11.9 141.4 ± 10.4 0.704 0.492 0.762

Se (μg/1000kcal) 43.1 ± 1.5 40.9 ± 1.3 41.0 ± 1.0 43.3 ± 1.6 0.880 0.957 0.060

Zn (mg/1000kcal) 4.0 ± 0.2 3.9 ± 0.1 3.8 ± 0.2 3.9 ± 0.1 0.556 0.994 0.344

Vitamin A (RE/1000kcal) 242.6 ± 29.5 275.1 ± 39.2 254.3 ± 32.5 384.5 ± 55.0 0.109 0.071 0.194

Thiamin (mg/1000kcal) 0.52 ± 0.02 0.52 ± 0.02 0.54 ± 0.02 0.53 ± 0.02 0.312 0.816 0.983

Ribofl avin (mg/1000kcal) 0.54 ± 0.02 0.52 ± 0.02 0.50 ± 0.04 0.61 ± 0.04 0.756 0.202 0.158

Niacin (mg/1000kcal) 8.2 ± 0.5 8.0 ± 0.4 8.0 ± 0.4 8.9 ± 0.5 0.430 0.474 0.195

Vitamin B6 (mg/1000kcal) 0.62 ± 0.04 0.63 ± 0.04 0.67 ± 0.06 0.75 ± 0.05 0.067 0.412 0.382

Folate (μg/1000kcal) 126.6 ± 12.9 144.5 ± 19.8 130.3 ± 18.5 155.4 ± 16.6 0.596 0.289 0.785

Vitamin B12 (μg/1000kcal) 1.1 ± 0.1 1.0 ± 0.1 1.0 ± 0.1 1.1 ± 1.0 0.886 0.844 0.480

Vitamin C (mg/1000kcal) 71.8 ± 14.2 77.5 ± 11.0 82.2 ± 17.1 84.4 ± 12.1 0.475 0.792 0.893

Vitamin D (μg/1000kcal) 0.8 ± 0.2 0.7 ± 0.2 0.9 ± 0.2 0.8 ± 0.1 0.151 0.547 0.480

Vitamin E (mg/1000kcal) 1.1 ± 0.2 1.2 ± 0.2 1.4 ± 0.3 1.3 ± 0.2 0.364 0.984 0.804

Beta carotene (μg/1000kcal) 1391.8 ± 211.7 1695.3 ± 323.5 1551.3 ± 249.5 2355.9 ± 373.4 0.113 0.108 0.325

Tea (g/1000kcal) 0.90 ± 0.20 0.56 ± 0.10 0.59 ± 0.16 0.57 ± 0.13 0.137 0.308 0.202

Caff eine (g/1000kcal) 0.030 ± 0.010 0.004 ± 0.004 0.004 ± 0.004 0.013 ± 0.007 0.001 0.056 0.056

Physical activity (METs-min) 1579 ± 688 2002 ± 516 1831 ± 321 1724 ± 248 0.978 0.735 0.585

Data are presented as mean ± standard error of mean; METS-min: metabolic equivalent of tasks-minute; 
MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; LCD: low calorie diet; LCID: low 
calorie low infl ammatory diet; Analysis were done using repeated-measure ANOVA *within subjects 
eff ects, ^between subjects eff ects, +time x group interaction.
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At the end of the intervenƟ on, there was a signifi cant increase of plasma TNF-
alpha (p<0.001) and IL-6 concentraƟ ons (p=0.015), but no signifi cant changes in hs-
CRP level (p=0.707) in the whole group. AŌ er correcƟ on for sex and changes in body 
fat, subjects in the LCID group had a greater reducƟ on in hs-CRP concentraƟ on than 
those in the LCD group (p=0.029) (Figure 4.2). There were no signifi cant diff erences 
in changes of TNF-alpha (p=0.319) and IL-6 (p=0.628) between the LCD and LCID 
groups (Figure 4.2). We also found a signifi cant reducƟ on in body weight, body mass 
index, percent body fat, triglyceride, cholesterol, HDL-cholesterol and diastolic blood 
pressure, and an increase in muscle mass percentage in the total group (all p<0.050), 
but no diff erences between the diet groups (Table 4.4). 

Table 4.4. Changes in anthropometric and metabolic syndrome parameters.

Pre Post

Variables LCD (n=25) LCID (n=26) LCD (n=25) LCID (n=26) p* p^ p+ p#

Anthropometric measures

Weight (kg) 86.6 ± 2.8 85.0 ± 2.9 85.0 ± 2.7 83.9 ± 3.0 <0.01 0.740 0.416 N/A

BMI (kg/m2) 33.3 ± 0.8 33.0 ± 1.1 32.7 ± 0.9 32.5 ± 1.2 <0.01 0.860 0.902 N/A

Body fat (%) 36.0 ± 1.1 36.0 ± 1.0 35.1 ± 1.2 35.4 ± 1.1 <0.01 0.929 0.459 N/A

Visceral fat (%) 15.8 ± 1.1 15.3 ± 1.3 14.8 ± 1.1 14.8 ± 1.3 <0.01 0.913 0.186 N/A

Subcutaneous fat (%) 32.0 ± 1.7 31.4 ± 1.7 31.2 ± 1.8 30.9 ± 1.7 <0.01 0.849 0.283 N/A

Muscle (%) 25.2 ± 0.8 25.3 ± 0.8 25.5 ± 0.9 25.4 ± 0.8 0.049 0.990 0.627 N/A

Waist circumference (cm) 96.5 ± 2.0 95.9 ± 2.1 96.1 ± 1.5 94.2 ± 2.4 0.298 0.653 0.517 N/A

Hip circumference (cm) 110.2 ± 1.4 108.4 ± 2.1 107.9 ± 1.7 107.7 ± 2.0 0.076 0.174 0.345 N/A

Waist-to-hip ratio 0.89 ± 0.01 0.90 ± 0.01 0.90 ± 0.02 0.87 ± 0.02 0.504 0.511 0.206 N/A

Metabolic syndrome parameters

Glucose (mmol/L) 5.7 ± 0.2 5.87 ± 0.3 5.9 ± 0.2 6.0 ± 0.2 0.120 0.770 0.992 0.917

Triglycerides (mmol/L) 1.4 ± 0.1 1.1 ± 0.1 1.2 ± 0.2 1.0 ± 0.1 0.046 0.159 0.773 0.705

Cholesterol (mmol/L) 4.9 ± 0.2 4.9 ± 0.2 4.4 ± 0.2 4.6 ± 0.2 <0.01 0.616 0.311 0.594

HDL-c (mmol/L) 1.7 ± 0.1 1.7 ± 0.1 1.4 ± 0.0 1.6 ± 0.1 <0.01 0.301 0.147 0.309

LDL-c (mmol/L) 4.6 ± 0.2 4.7 ± 0.1 4.4 ± 0.2 4.4 ± 0.2 0.261 0.776 0.995 0.716

Systolic bp (mmHg) 113.0 ± 2.5 112.8 ± 2.0 109.5 ± 2.7 110.1 ± 2.7 0.081 0.943 0.825 0.665

Diastolic bp (mmHg) 80.0 ± 1.8 80.7 ± 1.4 77.5 ± 1.9 76.5 ± 1.7 0.008 0.933 0.509 0.609

Metabolic syndrome score 1.9 ± 0.2 1.8 ± 0.2 2.2 ± 0.2 1.8 ± 0.2 0.226 0.249 0.226 0.169

Data are presented as mean ± standard error of mean; repeated measure ANOVA for *within subjects 
eff ects, ^between subjects eff ects, +group x time interaction;, #group x time interaction with correction 
for sex and changes in body fat. BMI: body mass index; hs-CRP: high sensitive C-reactive protein; HDL-c: 
high density lipoprotein cholesterol; IL-6: interleukin 6; LDL-c: low density lipoprotein cholesterol; TNF-
alpha: tumor necrosis factor alpha.

To further evaluate the infl uence of the infl ammatory properƟ es of the diet 
on changes in infl ammatory markers, linear regression analyses were done with 
correcƟ on for sex and changes in body fat. As shown in Supplementary Table 4.2, in 
all subjects of both groups intakes of protein, selenium, zinc, niacin, beta carotene 
and cholesterol were negaƟ vely correlated with changes in hs-CRP (all p<0.05). None 
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of the nutrient intakes were correlated with changes of TNF-alpha. By contrast, intake 
of tea (p=0.019) and caff eine (p=0.028) were negaƟ vely correlated with changes in 
IL-6. 

Figure 4.2. Infl ammatory markers before and after intervention separated by intervention group. 
Data are presented as mean (standard deviation). Analysis was done using repeated measure ANOVA 
with correction for sex and changes in body fat. There was a signifi cant increase of plasma TNF-alpha 
(p<0.001) and IL-6 concentrations (p=0.015), but no signifi cant changes in hs-CRP level (p=0.707) in the 
whole group. The p value in the fi gure refl ected diff erences in changes between dietary groups. LCD: 
low calorie diet; LCID: low calorie low infl ammatory diet; hs-CRP: high sensitivity C-reactive protein; TNF-
alpha: tumor necrosis factor-alpha; IL-6: interleukin 6.

DISCUSSION
The general aim of this study was to invesƟ gate the eff ect of weight loss on 
infl ammatory markers and to evaluate whether changes in systemic infl ammaƟ on can 
be modifi ed by diet. The hypothesis of this study was partly accepted. At the end of 
the intervenƟ on, we found increased plasma TNF-alpha and IL-6 concentraƟ ons, but 
no change in hs-CRP concentraƟ on in the total group. InteresƟ ngly, when comparing 
the diet eff ect, we showed that LCID group had a greater reducƟ on in hs-CRP at the 
end of the intervenƟ on compared to those in the LCD group. No diff erences were 
seen in changes of TNF-alpha and IL-6 concentraƟ ons between groups. The weight 
loss intervenƟ on in this study induced signifi cant reducƟ ons in body weight, body 
fat, and metabolic syndrome parameters such as plasma triglycerides and blood 
pressure, with no diff erences between groups.

In the scienƟ fi c literature reports on the eff ects of weight loss on the 
infl ammatory status of individuals with obesity are inconsistent. Some invesƟ gators 
found a reducƟ on in hs-CRP aŌ er a weight loss intervenƟ on [7,8], others report 
unchanged hs-CRP concentraƟ ons [10,11] and unchanged [14] or increased plasma 
TNF-alpha and IL-6 concentraƟ ons [15,16] have also been measured. In this study, 
we showed that a weight loss program using a low-calorie diet and exercise program 
was associated with an increase in plasma TNF-alpha and IL-6, but no change in hs-
CRP concentraƟ ons. Diff erences among studies may be due to the type of weight 
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loss intervenƟ on (level of energy restricƟ on, duraƟ on and total weight loss, with 
or without exercise). The fi nding that not all infl ammatory markers respond in the 
same way is not surprising. hs-CRP is mainly derived from the liver, whereas adipose 
Ɵ ssue more likely contributes to the changes in TNF-alpha and IL-6 concentraƟ on. 
Although all subjects parƟ cipated in an exercise training program during the weight 
loss intervenƟ on, it does not seem very likely that the exercise bouts contributed 
to the increased plasma levels of IL-6, because the increased release of IL-6 by the 
exercising skeletal muscles is quickly normalized aŌ er stopping the exercise [32]. 
The weight loss-induced increase in plasma TNF-alpha and IL-6 is in line with other 
reports showing that infl ammatory gene expression pathways are upregulated in 
adipose Ɵ ssue during a weight loss program [12,13,33]. 

Another factor that may be responsible for the inconsistent fi ndings with 
respect to weight loss-induced changes in infl ammatory markers may be the diet 
composiƟ on. In our study, we showed that the hs-CRP concentraƟ on was on average 
not aff ected by the weight loss program in the total group. However, when the group 
was divided based on type of diet, we showed that hs-CRP was lower in the LCID 
group compared to the LCD group. No group diff erence was found for the changes 
in TNF-alpha and IL-6. It can be speculated that the weight loss-induced increase 
in infl ammatory status of the adipose Ɵ ssue is not sensiƟ ve to changes in the 
infl ammatory properƟ es of the diet, whereas the liver remains responsive to the diet 
composiƟ on under the condiƟ ons of energy restricƟ on. However, more evidence 
should be obtained to further support this suggesƟ on. 

To our knowledge, this is the fi rst study to evaluate the eff ect of dietary 
counseling with a combinaƟ on of an aƩ empt to lower energy intake as well as to 
lower infl ammatory properƟ es of the diet during a weight loss intervenƟ on. The 
noƟ on to reduce infl ammaƟ on by means of a dietary intervenƟ on has been applied in 
studies in Australia (AUSMED Heart Trial) [34,35] and in the United States (IMAGINE 
study) [36]. In comparison to other studies which aimed to lower infl ammaƟ on 
through modifi caƟ on of diet, the strength of our study was that all other factors 
such as gender distribuƟ on, age, recommended energy intake, and training program 
were controlled by design which leaves only the eff ect of lowering the infl ammatory 
property of the diet as the independent variable.

The analysis of infl ammaƟ on markers was done at the end of the weight 
loss program whilst subjects were sƟ ll in the energy defi cit state. It was previously 
reported by Vink et al [13] that during a weight-loss period, there was an increase 
in gene expressions related to infl ammaƟ on followed by a reducƟ on in those gene 
expressions during a weight stable period. Thus, it is argued that because the timing 
of this analysis was done at the end of the weight-loss period with parƟ cipants sƟ ll 
in negaƟ ve energy balance, subjects had increased infl ammaƟ on markers. This is 
marked by higher TNF-alpha and IL-6 than the baseline.
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A limitaƟ on of this study was that it could not show signifi cant diff erences in 
changes in dietary intake between the LCID and LCD groups. This might be due to 
inadequacy of SQ-FFQ and MD score to capture small diff erences in dietary intake in 
combinaƟ on with the small sample size.  Not all principles of the Mediterranean diet, 
such as increased consumpƟ on of dairy, potatoes, olives, and wine, could be applied 
in the Indonesian populaƟ on. Diff erences in dietary intake between the groups 
may have been small, because the intake of several components that contribute 
to the MD score were already high or low at baseline in this populaƟ on. For 
instance, consumpƟ on of wine is low-to-none and because alcohol consumpƟ on is 
prohibited among Moslems it will not increase during the intervenƟ on. AddiƟ onally, 
consumpƟ on of red meat was already low at baseline among subjects, because 
legumes (tempe or tofu) and chicken meat were the preferred sources of protein, 
leaving liƩ le room for a further reducƟ on. Some subjects experienced diffi  culty in 
complying with the diet on a daily basis because of several factors including appeƟ te, 
work/job, social events, food availability and economic condiƟ on. The Indonesian 
populaƟ on usually consumes rice as the source of carbohydrates instead of potatoes, 
pasta and bread. Indonesians are also less likely to consume dairy products such as 
milk and cheese, especially during adulthood. Nevertheless our results showed a 
diff erence in response of hs-CRP with weight loss between the groups. ReplicaƟ on of 
this result in other populaƟ ons is required before an anƟ -infl ammatory weight loss 
diet can be propagated.

In summary, we found that reducing the infl ammatory properƟ es of the 
diet during a weight loss program can help to reduce systemic infl ammaƟ on, as 
marked by hs-CRP level, in adults with obesity. On the other hand, such a diet does 
not prevent the increment of adipose Ɵ ssue infl ammaƟ on, as marked by TNF-alpha 
and IL-6 concentraƟ ons, due to energy restricƟ on. This may suggest that the liver 
is responsive to diet composiƟ on during a period of energy restricƟ on,  whereas 
adipose Ɵ ssue is not. To confi rm this fi nding, follow-up studies should be done.
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Supplementary Table 4.1. The Mediterranean Diet score and daily intake of food components

Pre Post

LCD (n=23) LCID (n=24) LCD (n=23) LCID (n=24) p* p^ p+

Mediterranean diet score 5.2 ± 1.8 5.4 ± 1.2 5.8 ± 1.4 6.1 ± 1.6 0.034 0.440 0.654

Vegetables (g/day) 126.0 ± 18.1 118.1 ± 14.4 121.8 ± 13.3 145.6 ± 22.9 0.447 0.790 0.210

Fruits (g/day) 136.3 ± 22.1 188.6 ± 36.2 202.7 ± 31.6 247.7 ± 38.6 0.024 0.206 0.863

Legumes (g/day) 112.5 ± 15.0 96.7 ± 12.7 56.1 ± 6.6 65.8 ± 14.7 0.001 0.771 0.263

Fish and seafood (g/day) 16.3 ± 2.8 14.7 ± 3.5 22.2 ± 7.6 15.1 ± 3.1 0.535 0.353 0.585

White meat (g/day) 38.1 ± 11.0 32.6 ± 4.0 32.6 ± 4.8 44.3 ± 7.6 0.670 0.720 0.165

Red meat (g/day) 21.8 ± 3.9 11.8 ± 2.5 13.7 ± 3.9 8.5 ± 1.7 0.021 0.054 0.461

Data are presented as mean ± standard deviation; LCD: low calorie diet; LCID: low calorie low 
infl ammatory diet; repeated measure ANOVA for *within subject eff ects, ^between subjects eff ects, 
+group x time interaction.

Supplementary Table 4.2. CorrelaƟ on between dietary components during weight loss program on changes 
in infl ammaƟ on markers.

Changes of 
hs-CRP Changes of TNF-alpha Changes of IL-6

Dietary intake during weight 
loss intervention B* P B^ P B* P B^ P B* P B^ P

Energy (kcal) 0.090 0.546 0.111 0.523 -0.276 0.067 -0.091 0.590 0.068 0.671 0.075 0.683

Protein (g/1000kcal) -0.296 0.043 -0.363 0.030 0.193 0.203 0.012 0.941 -0.151 0.345 -0.104 0.555

Fat (g/1000kcal) -0.003 0.982 0.001 0.993 0.142 0.351 0.121 0.422 -0.012 0.939 -0.010 0.955

Carbohydrate (g/1000kcal) 0.065 0.663 0.083 0.599 -0.091 0.553 -0.028 0.855 0.093 0.561 0.074 0.664

Fiber (g/1000kcal) -0.076 0.610 -0.046 0.802 0.158 0.300 -0.002 0.989 -0.061 0.703 -0.064 0.743

Fe (mg/1000kcal) -0.227 0.124 -0.233 0.183 0.164 0.283 0.090 0.609 -0.109 0.498 -0.126 0.487

Mg (mg/1000kcal) -0.214 0.148 -0.226 0.215 0.110 0.471 -0.023 0.989 -0.141 0.378 -0.182 0.328

Se (μg/1000kcal) -0.399 0.005 -0.435 0.006 -0.026 0.865 -0.093 0.553 0.214 0.179 0.290 0.104

Zn (mg/1000kcal) -0.241 0.102 -0.332 0.048 0.235 0.120 0.045 0.786 -0.128 0.426 -0.045 0.806

Vitamin A (RE/1000kcal) -0.229 0.121 -0.259 0.117 0.044 0.773 -0.060 0.710 -0.050 0.758 -0.021 0.905

Thiamin (mg/1000kcal) -0.025 0.868 -0.006 0.974 0.210 0.165 0.122 0.473 -0.143 0.374 -0.166 0.375

Ribofl avin (mg/1000kcal) -0.305 0.037 -0.326 0.054 0.035 0.818 -0.087 0.601 -0.217 0.174 -0.242 0.163

Niacin (mg/1000kcal) -0.316 0.031 -0.378 0.020 0.152 0.319 0.034 0.833 0.072 0.654 0.158 0.381

Vitamin B6 (mg/1000kcal) -0.210 0.157 -0.280 0.119 0.215 0.155 0.030 0.865 -0.097 0.548 -0.057 0.770

Folate (μg/1000kcal) -0.291 0.047 -0.322 0.071 0.095 0.533 -0.020 0.910 -0.103 0.521 -0.138 0.463

Vitamin B12 (μg/1000kcal) -0.297 0.043 -0.300 0.073 -0.060 0.696 -0.134 0.414 -0.120 0.455 -0.120 0.492

Vitamin C (mg/1000kcal) -0.164 0.270 -0.152 0.375 0.156 0.305 0.023 0.890 -0.116 0.472 -0.119 0.507

Vitamin D (μg/1000kcal) -0.283 0.054 -0.268 0.114 0.001 0.996 -0.024 0.884 -0.044 0.786 -0.096 0.617
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Changes of 
hs-CRP Changes of TNF-alpha Changes of IL-6

Dietary intake during weight 
loss intervention B* P B^ P B* P B^ P B* P B^ P

Vitamin E (mg/1000kcal) -0.252 0.088 -0.254 0.158 0.032 0.833 -0.067 0.703 -0.035 0.830 -0.073 0.705

Saturated fat (g/1000kcal) 0.068 0.650 0.053 0.737 0.083 0.588 0.084 0.580 0.068 0.671 0.082 0.647

MUFA (g/1000kcal) -0.010 0.948 0.002 0.990 0.134 0.381 0.145 0.337 0.032 0.845 0.023 0.891

PUFA (g/1000kcal) -0.070 0.639 -0.020 0.905 0.107 0.484 0.115 0.472 -0.128 0.425 -0.171 0.320

Trans fat (g/1000kcal) -0.169 0.255 -0.196 0.211 0.058 0.707 -0.058 0.703 -0.013 0.936 0.048 0.780

Cholesterol (mg/1000kcal) -0.468 <0.001 -0.602 <0.001 0.050 0.743 0.001 0.994 0.104 0.517 0.127 0.539

Omega 3 fatty acid (g/1000kcal) -0.277 0.059 -0.270 0.099 -0.070 0.647 -0.149 0.349 -0.080 0.619 -0.052 0.766

Omega 6 fatty acid (g/1000kcal) -0.132 0.375 -0.224 0.163 0.165 0.279 -0.117 0.451 -0.042 0.792 0.076 0.655

Alcohol (g/1000kcal) 0.042 0.780 -0.082 0.608 0.297 0.048 -0.158 0.302 -0.209 0.190 -0.105 0.541

Tea (g/1000kcal) -0.089 0.550 -0.051 0.745 -0.062 0.685 0.045 0.772 -0.337 0.031 -0.383 0.019

Caff eine (g/1000kcal) -0.083 0.580 -0.062 0.694 -0.080 0.600 0.070 0.647 -0.338 0.031 -0.360 0.028

Beta carotene (μg/1000kcal) -0.249 0.091 -0.348 0.032 0.123 0.421 -0.090 0.573 -0.044 0.784 0.001 0.995

Linear re gression test *without correction and ^with correction for sex and changes in body fat, 

B= standardized coeffi  cient, p= signifi cance level.
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ABSTRACT
We developed a low calorie low infl ammatory diet (LCID) which has been previously 
reported to reduce the pro-infl ammatory marker high sensiƟ ve C-reacƟ ve protein (hs-
CRP). It was previously reported by other study that higher infl ammaƟ on is associated 
with reducƟ on of mitochondrial DNA copy number (mtDNA-CN) and relaƟ ve 
telomere length (RTL) which in turn could increase suscepƟ bility of degeneraƟ ve 
diseases. The objecƟ ve of this study was to evaluate the eff ect of LCID on mtDNA-CN 
and RTL. This is a randomized controlled trial among Indonesian adults with obesity. 
ParƟ cipants were divided into 2 groups: low-calorie diet (LCD) and low calorie low 
infl ammatory diet (LCID). ParƟ cipants in both groups undertook 2 Ɵ mes a week a 
supervised exercise program. The length of the weight loss program was 8 weeks, 
and parƟ cipants were followed for 8 weeks of the weight maintenance period. 61 
parƟ cipants iniƟ ally started the program, 51 fi nished the weight loss period, and 35 
fi nished the maintenance period. The mtDNA-CN and RTL were evaluated at baseline 
and aŌ er the weight loss program. The mtDNA-CN was unchanged (p=0.960) aŌ er 
weight loss while RTL was shown to be increased (p=0.002). Changes in RTL were 
higher in LCID than those in the LCD group (p=0.036), while mtDNA-CN showed 
no diff erence. Weight changes aŌ er weight loss and maintenance period were not 
associated with mtDNA-CN or RTL (all p>0.05). We concluded that a weight loss 
program was associated with the elongaƟ on of telomere length among adults with 
obesity. Those in LCID responded with signifi cantly longer telomeres as compared to 
LCD despite a similar degree of weight loss. 

Keywords: telomere, mitochondrial DNA, obesity, weight loss, infl ammaƟ on.
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introduction
Obesity aff ects millions of adults worldwide and this state of over-nutriƟ on is 
associated with increased risk for non-communicable diseases (NCDs) [1,2]. One 
of the mechanisms, which may explain the interacƟ on between obesity and the 
development of NCDs, is infl ammaƟ on [3-7]. Infl ammaƟ on plays a role in the regulaƟ on 
of several molecular signatures such as mitochondrial funcƟ on and telomere length. 
Increased infl ammaƟ on is associated with the reducƟ on of mitochondrial DNA 
copy number (mtDNA-CN), an indicator for mitochondrial biogenesis and funcƟ on 
[8]. Evidence of mitochondrial involvement in the pathogenesis of obesity through 
mitochondrial dysfuncƟ ons leading to oxidaƟ ve stress has been reported [9]. In 
addiƟ on, increased infl ammaƟ on is also associated with the shortening of telomere 
length. In humans, concentraƟ ons of infl ammatory proteins such as high-sensiƟ ve 
C-reacƟ ve protein (hs-CRP), interleukin 6 (IL-6) and tumor necrosis factor-alpha (TNF-
alpha) were reported to be negaƟ vely associated with relaƟ ve telomere length (RTL) 
[10,11]. Telomere shortening may predispose individuals to age-related diseases and 
increased mortality [12].

Studies in the past decades suggested that mtDNA-CN and RTL are molecular 
markers for aging [13]. InteresƟ ngly, it also has been shown that mtDNA-CN and RTL 
are related to an individual’s body weight. A recent prospecƟ ve study reported that 
reducƟ ons in mtDNA-CN and RTL were associated with weight gain [14]. This fi nding 
is supported by cross-secƟ onal studies which show an inverse correlaƟ on between 
mtDNA-CN and adiposity in Korean [15] and Italian populaƟ ons [16]. The RTL was 
also inversely associated with adiposity measures such as body mass index and 
waist circumference in a large epidemiological study in the United States [12]. The 
tendency of a negaƟ ve correlaƟ on between obesity and RTL was then confi rmed by 
a meta-analysis of data from 39 studies [17].

MtDNA-CN and RTL were previously reported to be aff ected by lifestyle 
factors, such as diet and physical acƟ vity. Among individuals with overweight, 
intervenƟ on with a low-fructose and low-sodium diet for 8 weeks was associated with 
an increment of mtDNA-CN [18]. In paƟ ents with chronic kidney disease, conducƟ ng 
a resistance exercise program for 12 weeks was associated with an improvement of 
mtDNA-CN [19]. The role of dietary components in regulaƟ ng RTL has been reported 
in epidemiological studies. ConsumpƟ on of sugar-sweetened beverages and meat 
was associated with the shortening of RTL while consumpƟ on of anƟ oxidant-rich 
plants was associated with RTL maintenance [20].

From the literature, it can be concluded that there were associaƟ on between 
mtDNA-CN, RTL and systemic infl ammaƟ on due to increased adiposity. It was 
previously reported that mtDNA-CN and RTL are associated with weight gain, and 
those parameters are infl uenced by diet and physical acƟ vity. However, the majority 
of reports on the role of dietary components on changes in mtDNA-CN and RTL among 
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adults are based on observaƟ onal studies. Therefore, conducƟ ng an intervenƟ on 
study is important to evaluate whether diet and exercise had an infl uence on mtDNA-
CN and RTL.

METHODS
Participants and study group
This is a secondary analysis of a clinical trial conducted among Indonesian men and 
women with obesity. The intervenƟ on was conducted in Yogyakarta, Indonesia. The 
inclusion criteria in this rial (Chapter 4) were adults between 21 and 56 years old and 
body mass index (BMI) higher than 27.5 kg/m2. The exclusion criteria were current 
chronic diseases such as type 2 diabetes mellitus and heart diseases, elevated blood 
pressure and blood glucose concentraƟ ons, pregnancy, breasƞ eeding, smoking, long-
term consumpƟ on of certain drugs (such as meƞ ormin, allopurinol and simvastaƟ n), 
being on a weight loss diet or using weight loss supplements, drugs or herbal 
formula. Ethical clearance was obtained from the Medical and Health Research 
Ethics CommiƩ ee, Faculty of Medicine, Public Health and Nursing, Universitas Gadjah 
Mada, Indonesia (KE/0560/05/2017). This study followed the ethical guidelines of 
the 1975 DeclaraƟ on of Helsinki. 

ParƟ cipants were recruited by announcements via fl iers, a webpage, and 
social media. A total of 195 individuals applied to become parƟ cipants via short 
messages, phone, and email. Of those 195, 77 parƟ cipants had a BMI above 27.5 kg/
m2. Those parƟ cipants were then invited to the university (Universitas Gadjah Mada, 
Yogyakarta, Indonesia) for measurements of blood glucose and blood pressure. 
Those with high blood glucose (fasƟ ng higher than 6.94 mmol/L or random higher 
than 11.1 mmol/L) or elevated blood pressure (higher than 140/90 mmHg) were not 
included in the study. 61 parƟ cipants were eligible and willing to parƟ cipate in the 
study aŌ er being informed of the study protocol, including the changes in dietary 
intake and an exercise rouƟ ne at the university 2 Ɵ mes a week. 

AŌ er straƟ fi caƟ on for sex, the parƟ cipants were randomized (hƩ ps://www.
randomizer.org) into 2 groups, the low-calorie diet group (LCD) and the low calorie 
low infl ammatory diet group (LCID). The intervenƟ on in this study included dietary 
counseling and an exercise program. The exercise consisted of 15 minutes warming-
up, 30 minutes core exercise and 15 minutes cool down. A combinaƟ on of aerobic 
and dumbbell exercises with low-to-medium exercise intensity and an esƟ mated 
total calorie expenditure of 300 kcal was used. The exercise program was the same in 
both groups. The duraƟ on of the intervenƟ on was 8 weeks (Figure 5.1). Details about 
the weight loss program were published elsewhere (Chapter 4).
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Figure 5.1. Study design

The dietary counseling was done to reduce energy intake and parƟ cipants in 
both groups had similar 1500 kcal energy intake a day. While those in LCD only focused 
on reducing calorie intake, those with LCID had addiƟ onal dietary recommendaƟ ons 
to reduce infl ammaƟ on. This is achieved by adapƟ ng Mediterranean diet principles 
to the low-calorie diet regime [21]. In our iniƟ al publicaƟ on, we showed that LCD and 
LCID had a similar weight loss but those in the LCID group had a greater reducƟ on in 
hs-CRP (Chapter 4). 

Measurements
Measurements (anthropometrics and blood sampling) were performed at baseline, 
aŌ er the weight-loss period (week 9), and aŌ er the weight maintenance period 
(week 16). In this study, the anthropometric measures included body weight (kg) 
and body mass index (BMI) (kg/m2). Body weight was measured using a bioelectrical 
impedance body composiƟ on monitor and scale (0.01 kg precision; Omron, Osaka, 
Japan). Height was measured using a wall-mounted tape measure (0.1 cm precision, 
GEA medical, Jakarta, Indonesia). BMI was calculated by dividing body weight with 
squared height (in m). WC was measured at the midpoint between the lower margin 
of the least palpable rib and the top of the iliac crest using a non-elasƟ c tape (0.1 cm 
precision). 

Blood samples were collected in the morning aŌ er an 8-10 hours fast. From 
each subject, a 5 mL blood sample was collected in ethylenediaminetetraaceƟ c 
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acid (EDTA)-containing tubes. AŌ er collecƟ on, blood plasma and buff y coat were 
separated by centrifugaƟ on and stored at -80°C. Genomic DNA was extracted from 
peripheral blood mononuclear cells (PBMC) using FavorPrep Blood Genomic DNA 
ExtracƟ on Mini Kit (Favorgen, Taiwan) for quanƟ fi caƟ on of MtDNA-CN and RTL. The 
infl ammaƟ on markers hs-CRP, lepƟ n, TNF-alpha, and IL-6 were measured in plasma 
using enzyme-linked immunosorbent assay according to the manufacturer’s protocol 
(DRG, New Jersey, USA; Finetest, Wuhan, China).

Quantifi cation of MtDNA-CN and RTL
MtDNA-CN and RTL were determined by quanƟ taƟ ve real-Ɵ me PCR (qPCR) assay, 
using SYBR Select MasterMix detecƟ on (Applied Biosystem, Foster City, USA) in 
the 7500 Real-Time PCR System (Applied Biosystem), as previously described [22]. 
Briefl y, the mtDNA-CN measurement was done by using primers for mitochondrial 
tRNAleu (MT-TL1) and nuclear-encoded β-2 microglobulin (B2M) genes, following the 
protocol from Venegas, et al. [23], while for telomere repeats, the measurement was 
conducted following the protocol by O’Callaghan et al. [24]. Copy number of MT-TL1 
gene and telomere repeats were normalized by the single copy B2M as a reference 
gene. MtDNA-CN and RTL were calculated based on the effi  ciency-corrected method 
as implemented in the “qPCR” package in R-Project for StaƟ sƟ cal CompuƟ ng version 
3.4.3 (www.r-project.org), according to the fi ve-parameter sigmoidal models fi Ʃ ed to 
the raw fl uorescence data [25,26].

Statistical analyses
StaƟ sƟ cal analysis was done using JASP soŌ ware version 0.8.3.1 (University of 
Amsterdam). Changes of mtDNA-CN and RTL over the weight-loss period within 
groups were analyzed using the Wilcoxon signed-rank test. The between groups 
diff erences between mtDNA-CN and RTL at baseline and their changes with weight 
loss were evaluated using the Mann Whitney test and the ANCOVA test. The 
ANCOVA test was also used to evaluate the diff erence in changes in anthropometric 
measures, infl ammaƟ on markers, mtDNA-CN, and RTL between weight gainers 
and weight losers. The analysis was done on those with a complete dataset for 
each measurement. The correlaƟ on of mtDNA-CN and RTL with body weight and 
infl ammaƟ on markers was analyzed using the Spearman correlaƟ on test and linear 
regression test with correcƟ on for age, sex, and changes in body weight (for non-
anthropometric analysis). A P-value of less than 0.05 was considered as staƟ sƟ cally 
signifi cant. This analysis was done in whole group and in the separate intervenƟ on 
groups (LCID vs LCD).
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RESULTS
Details about changes in dietary intake, infl ammaƟ on markers, and anthropometric 
measures have been reported elsewhere (Chapter 4). Of 51 parƟ cipants who fi nished 
the weight loss program, 35 parƟ cipants were followed aŌ er 8 weeks (during weight 
maintenance) (Figure 5.2). We found no diff erences in body weight changes between 
LCD and LCID during the weight-loss period (p=0.443) and during the weight 
maintenance period (p=0.634).

We also evaluated the diff erences in changes of mtDNA-CN and RTL during 
the diff erent dietary intervenƟ ons, LCID and LCD. The changes in mtDNA-CN and RTL 
in both groups are shown in Figure 5.3. There was no diff erence in mtDNA-CN and 
RTL at baseline between LCD and LCID (p=0.154, p=0.605, respecƟ vely). We found 
a signifi cant increment of RTL (p<0.001), but no changes in mtDNA-CN (p=0.641) in 
the total group with weight loss program. When comparing between-group changes 
using an ANCOVA test with correcƟ on for age, sex, height and iniƟ al weight (Table 
5.2), the result showed that those in the LCID group had a higher increment in RTL as 
compared to those in the LCD group (p=0.036), but no diff erence was seen in mtDNA-
CN (p=0.336).

 

Figure 5.2. Body weight changes during weight loss period and during weight maintenance period. 
Data were presented as mean (standard deviation). 
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Figure 5.3.  The mtDNA-CN and RTL before and after the weight loss period (A and B, respectively). 
The diff erence in relative changes of mtDNA-CN and RTL between LCD and LCID (C and D, respectively).

The correlaƟ ons between mtDNA-CN and RTL with infl ammaƟ on markers 
were analyzed at baseline and aŌ er the weight loss program. At baseline mtDNA-
CN and RTL showed negaƟ ve correlaƟ ons with lepƟ n and IL-6 (all p<0.05) in the 
total group of parƟ cipants, but no correlaƟ ons with hs-CRP and TNF-alpha (Table 
5.1). In separate group analyses, only those in the LCID group showed the negaƟ ve 
correlaƟ ons, consistent with the total group of parƟ cipants.

Table 5.1. Correlation of infl ammation markers with mitochondrial DNA copy number and relative 
telomere length at baseline.

Mitochondrial DNA copy number Relative telomere length

All (n=47) All (n=47)

Baseline values R* p R* p
hs-CRP (mg/L) -0.113 0.456 -0.126 0.404

TNF-alpha (pg/mL) -0.018 0.909 0.020 0.894

Leptin (ng/mL) -0.416 0.009 -0.330 0.043

IL-6 (pg/mL) -0.352 0.030 -0.495 0.002

Body weight (kg) 0.011 0.943 -0.061 0.685

*Spearman correlation test.

The correlaƟ on between changes in infl ammaƟ on markers and changes 
in mtDNA-CN and RTL was also analyzed (Table 5.2). Among all parƟ cipants, we 
found that changes in TNF-alpha were negaƟ vely correlated with percent changes 
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of mtDNA-CN (p=0.013) while changes in other infl ammaƟ on markers were not 
correlated with percent changes of mtDNA-CN (all p>0.05). We found that changes 
in RTL were not correlated with any infl ammaƟ on marker in this study (hs-CRP, lepƟ n, 
TNF-alpha and IL-6, p>0.05). To evaluate the infl uence of dietary intervenƟ on, further 
analysis was done by analyzing the correlaƟ on between changes in mtDNA-CN and 
RTL and changes in infl ammaƟ on markers in the dietary groups separately. Among 
parƟ cipants in the LCID group, the change in mtDNA-CN was negaƟ vely correlated 
with changes of TNF-alpha (p=0.014) and IL-6 (p=0.053, borderline signifi cant) aŌ er 
correcƟ on for age, sex, and body weight change. In this group, the change of RTL 
was negaƟ vely correlated with change in TNF-alpha (p=0.029), but the associaƟ on 
was no longer evident aŌ er correcƟ on for confounding factors. By contrast, among 
parƟ cipants in the LCD group the change in IL-6 was posiƟ vely correlated with the 
change in mtDNA-CN (p=0.026). In this group, the change in RTL was not correlated 
with changes of infl ammaƟ on markers (all p>0.050).  

Table 5.2. CorrelaƟ on between changes in infl ammaƟ on markers with relaƟ ve changes in mtDNA-CN and 
RTL (n=47).

Correlation with mtD-
NA-CN change All participants (n=47) LCD (n=23) LCID (n=24)

R p B p R p B p R p B p

Change hs-CRP (mg/L) 0.053 0.724 -0.040* 0.799 0.158 0.469 -0.174* 0.465 0.021 0.921 -0.035* 0.884

TNF-alpha (pg/mL) -0.101 0.507 -0.466* 0.013 0.238 0.287 -0.201* 0.545 -0.387 0.068 -0.615* 0.014

Leptin (ng/mL) 0.212 0.208 0.236* 0.272 -0.040 0.876 -0.221* 0.405 0.359 0.131 0.324* 0.398

IL-6 (pg/mL) 0.130 0.431 -0.028* 0.872 0.469 0.043 0.525* 0.026 -0.215 0.362 -0.463* 0.053

Weight loss (kg) 0.049 0.750 -0.048^ 0.761 -0.053 0.821 -0.303^ 0.216 0.137 0.533 0.094^ 0.675

Correlation with RTL All participants (n=47) LCD (n=23) LCID (n=24)

R p B p R p B p R p B p

hs-CRP (mg/L) -0.003 0.982 -0.143* 0.368 0.223 0.304 0.252* 0.296 -0.103 0.629 -0.241* 0.315

TNF-alpha (pg/mL) -0.118 0.439 -0.103* 0.608 0.294 0.185 -0.276* 0.413 -0.455 0.029 -0.065* 0.817

Leptin (ng/mL) 0.064 0.706 0.340* 0.113 0.015 0.954 -0.303* 0.253 0.029 0.906 0.455* 0.239

IL-6 (pg/mL) -0.081 0.623 -0.111* 0.521 0.082 0.739 0.038* 0.885 -0.280 0.232 -0.255* 0.323

Weight loss (kg) -0.032 0.835 0.117^ 0.467 -0.064 0.782 -0.152^ 0.536 -0.013 0.954 0.166^ 0.469

Linear regression analysis with *correction for age, sex and body weight changes or ^correction for 
age and sex; B : standardized value for linear regression test with correction for confounding factors; R: 

Spearman test; p : signifi cant value with 2-tailed analysis.
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ParƟ cipants were separated based on their weight loser/gainer status (Table 
5.3). Weight gainers and weight losers were defi ned by diff erences in weight changes 
from baseline (week 0) to weight maintenance period (week 16). ParƟ cipants were 
weight losers when the net weight diff erence was negaƟ ve while parƟ cipants were 
weight gainer when net weight diff erence was 0 or posiƟ ve. In this study, we showed 
that weight losers had higher body height (p=0.045), greater weight loss (p<0.001), 
and greater TNF-alpha increment (p<0.001) during the weight-loss period. In 
addiƟ on, we showed no diff erence in changes of mtDNA-CN (p=0.587) and RTL 
(p=0.194) between weight gainer and weight loser. 

 
Table 5.3. Diff erences in anthropometric, infl ammaƟ on, mtDNA-CN and RTL changes during weight loss 
between those who gained weight and those who lose weight aŌ er 8 weeks of follow up.

Weight loser 
(n= 19)

Weight gainer 
(n=16)

Mean SD Mean SD p* p^

Age (years) 25.1 5.4 24.1 5.1 0.468 -

Height (cm) 163.3 8.8 156.9 9.7 0.045 -

Anthropometric changes during weight loss

   Body weight (kg) -3.02 1.94 -0.21 1.53 < 0.001 <0.001

   Body fat (%) -1.06 1.52 -0.43 0.61 0.163 0.547

   Vis Fat (%) -1.31 0.94 -0.27 0.65 0.002 0.009

   BMI (kg/m2) -1.13 0.70 -0.07 0.61 < 0.001 <0.001

   Subcutaneous fat (%) -1.11 0.92 -0.34 0.54 0.012 0.044

   Muscle (%) 0.42 0.72 0.23 0.30 0.468 0.916

   Waist circumference (cm) -0.36 5.97 0.17 6.53 0.914 0.285

   Hip circumference (cm) -4.73 6.14 0.22 3.92 0.023 0.090

   WHR 0.04 0.07 0.00 0.08 0.301 0.752

Infl ammation changes during weight loss

   hs-CRP (mg/L) -0.06 2.97 -0.00 2.40 0.987 0.940

   TNF-alpha (pg/mL) 3.54 1.67 1.05 2.15 0.002 <0.001

   Leptin (ng/mL) -4.28 3.71 -0.72 5.56 0.044 0.051

   IL-6 (pg/mL) 1.24 1.93 0.40 1.44 0.589 0.259

mtDNA-CN and RTL changes during weight loss

   mtDNA-CN (relative changes) 0.20 1.28 0.43 1.40 0.343 0.587

   RTL (relative changes) 0.99 1.73 1.95 3.20 0.325 0.194

*Mann Withney test; ^ANCOVA test with correction for age, sex, height and initial body weight. This 
analysis compares characteristic diff erences between weight losers and weight gainers. Participants 
were weight loser when the net weight diff erence from baseline to follow-up was negative while 
participants were weight gainer when the net weight diff erence was 0 or positive. MtDNA-CN: 
mitochondrial DNA copy number; RTL: relative telomere length.
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DISCUSSIONS
ParƟ cipants in both diet groups (LCD and LCID) had an increase in RTL but not in 
mtDNA-CN aŌ er the weight loss program. The increment in RTL was higher among 
parƟ cipants in the LCID group than in the LCD group. However, changes in RTL were 
not associated with changes in any of the pro-infl ammatory markers analyzed, while 
changes in mtDNA-CN were negaƟ vely correlated with changes of TNF-alpha. There 
was no associaƟ on between changes in mtDNA-CN and RTL and weight regain status.

To our knowledge, there are few studies invesƟ gaƟ ng the eff ect of a weight loss 
program on telomere length [27]. A study in adolescents with obesity showed that 
a weight loss program with modifi caƟ on of diet and physical acƟ vity was associated 
with elongaƟ on of telomere length [28]. The eff ect of energy restricƟ on among adults 
was confl icƟ ng, where one study showed a lengthening eff ect in adult men with 
obesity [29], but no eff ect was seen in postmenopausal women with overweight/
obesity [30]. By contrast, a correlaƟ on between weight loss and increasing telomere 
length was reported among adults aŌ er intragastric balloon therapy [31].

In this study, we showed an eff ect of a low-calorie diet on the elongaƟ on of 
telomere length in men and women with obesity, and by reducing the infl ammaƟ on 
properƟ es of the diet we were able to opƟ mize the eff ect on telomere length. 
The reducƟ on of the infl ammatory properƟ es of diet was obtained by adapƟ ng 
the principle of the Mediterranean diet in combinaƟ on with the low-calorie diet 
prescripƟ on. It was previously reported that adherence to the Mediterranean diet 
principle was posiƟ vely associated with longer telomere length [32]. The eff ect of 
Mediterranean diet principles on telomere length might be due to the combined 
eff ect of bioacƟ ve nutrients and phytochemicals contained in the recommended 
foods [33]. The eff ect of reducing infl ammaƟ on on RTL in the LCID group is expected 
and in line with other studies. To our knowledge, this study is the fi rst intervenƟ on 
study to evaluate the infl uence of Mediterranean diet principles in combinaƟ on with 
a low-calorie diet on changes in telomere length. The majority of studies on the 
interacƟ on between the Mediterranean diet and telomere length was based on an 
observaƟ onal study [33].

Diff erent from telomere length, this study showed that the weight loss 
program was not associated with changes in mtDNA-CN, and there were no 
diff erences in changes in mtDNA-CN between the LCD and LCID groups. As it was 
previously reported that mtDNA-CN was negaƟ vely associated with adiposity [14-
16], we expected that weight loss in this study could increase mtDNA-CN. However, a 
weight loss program among individuals with obesity through diet or gastric banding 
was also not associated with changes of adipocyte mtDNA-CN [34]. It was suggested 
that other aspects of mitochondrial examinaƟ on such as structure, funcƟ on or size 
might provide a beƩ er insight on mitochondrial health rather than the mtDNA-CN 
[34,35]. 
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Findings from this study support the noƟ on that infl ammaƟ on is inversely 
associated with mtDNA-CN and RTL. At baseline IL-6 and lepƟ n were negaƟ vely 
correlated RTL. However, this study could not provide evidence that changes in RTL 
were associated with changes in the pro-infl ammatory markers analyzed (hs-CRP, 
TNF-alpha or IL-6). The RTL improvement might be infl uenced by other infl ammaƟ on 
markers such as IL-2 [36], which were not analysed in this study. In addiƟ on, this 
study was conducted in a relaƟ vely small number of subjects which make it hard to 
reach a signifi cant value. Several mechanisms have been proposed on the interacƟ on 
between infl ammaƟ on and telomere length. First, infl ammaƟ on is associated with a 
reducƟ on of telomerase expression, the enzyme that is involved in the lengthening 
of telomeres. Second, infl ammaƟ on also directly induces telomeric DNA damage 
mediated by reacƟ ve oxygen species [37]. 

Similar to RTL, IL-6 and lepƟ n were inversely correlated with mtDNA-CN at 
baseline. AddiƟ onally, we showed that an increase in TNF-alpha aŌ er the intervenƟ on 
was associated with a reducƟ on of mtDNA-CN. These fi ndings suggest that more 
infl ammaƟ on is associated with a reducƟ on of mtDNA-CN among individuals with 
obesity. However, because of the nature of this study, we cannot draw conclusions 
about a causal relaƟ onship between infl ammaƟ on and mtDNA-CN.

There are several limitaƟ ons to this study. Because of the limitaƟ on of specimen 
collecƟ on due to ethical reasons, the mtDNA-CN and RTL in this study were analyzed 
from circulaƟ ng leukocytes and not from adipose Ɵ ssue, which would probably be 
more relevant in a weight loss study. It was previously reported that the associaƟ on 
between infl ammaƟ on, mtDNA-CN and RTL varied between Ɵ ssues [38,39]. It was 
also reported that infl ammaƟ on was posiƟ vely correlated with adipocyte mtDNA-CN 
but negaƟ vely with monocyte mtDNA-CN [38]. AddiƟ onally, RTL from leukocytes is 
only signifi cantly correlated with muscle RTL, but not with RTL of other Ɵ ssues [39]. 
Another limitaƟ on in this study is that the number of parƟ cipants was rather limited, 
thus further study with larger sample size is necessary to confi rm the fi ndings.

In conclusion, this study reported the eff ect of a weight loss intervenƟ on on 
changes in mtDNA-CN and RTL in PBMCs. We showed that reducing calorie intake and 
increasing physical acƟ vity among individuals with obesity was benefi cial to increase 
RTL but had no eff ect on mtDNA-CN. Modifi caƟ on of diet to reduce infl ammaƟ on had 
an addiƟ onal benefi t in improving RTL. 
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ABSTRACT
Obesity is associated with increased colorectal cancer (CRC) risk that is driven by 
increased infl ammaƟ on. This study aimed to evaluate the interacƟ on between 
variants in infl ammaƟ on-related genes (CRP, TNFA, and IL6), adiposity, circulaƟ ng 
concentraƟ on of high sensiƟ ve C-reacƟ ve protein (hs-CRP; a marker of systemic 
infl ammaƟ on) and CRC risk. ParƟ cipants undergoing endoscopy for bowel symptoms 
were recruited, adiposity and circulaƟ ng hs-CRP concentraƟ on were measured. Four 
SNPs were analyzed including those in CRP (rs1800947, rs1205), TNFA (rs1800629) and 
IL6 (rs1800795). Individuals with a prior history of adenomatous polyps (therefore at 
higher risk of CRC), had higher hs-CRP concentraƟ ons (p=0.012). Adiposity measures 
did not diff er signifi cantly between normal and higher-risk parƟ cipants. VariaƟ on at 
TNFA (rs1800629) was associated with body mass index (p=0.007) and the presence 
of colorectal polyps (p=0.002). We observed that variants in infl ammatory genes may 
infl uence the relaƟ onships between adiposity and systemic infl ammaƟ on but these 
infl uences appeared to be independent of the eff ect allele. VariaƟ on in TNFA was 
associated with adiposity and presence of colorectal polyps. In addiƟ on, SNPs at CRP, 
TNFA and IL6 infl uence the associaƟ on of adiposity with systemic infl ammaƟ on. 

Keywords: obesity, infl ammaƟ on, gene variaƟ on, CRP, colorectal polyp.
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INTRODUCTION
Obesity is associated with increased risk of several non-communicable diseases 
including cancers [1,2]. Several adiposity measures, including body mass index 
(BMI), visceral adiposity, and a body shape index (ABSI) predict colorectal cancer 
(CRC) risk [2-4]. Disturbances in hormones, insulin resistance, growth factors and 
systemic infl ammaƟ on are plausible mechanisms through which obesity amplifi es 
CRC risk [5,6]. In parƟ cular, excess adipose Ɵ ssue is associated with increased lepƟ n 
producƟ on, immune cell infi ltraƟ on and higher producƟ on of pro-infl ammatory 
cytokines [7]. This combinaƟ on leads to a greater infl ammatory state in adipose Ɵ ssue 
as well as higher concentraƟ ons of circulaƟ ng infl ammatory markers in individuals 
with obesity [8,9]. 

Low-grade systemic infl ammaƟ on is induced by several factors including 
environmental exposures (diet, physical acƟ vity, pollutants) and geneƟ cs [10], and 
the obesity-infl ammaƟ on relaƟ onship is infl uenced by variants in infl ammaƟ on-
related genes. For example, Eiriksdoƫ  r et al. [11] reported that variants of the C 
reacƟ ve protein (CRP) gene modulate the relaƟ onship between BMI and hs-CRP (a 
marker of systemic infl ammaƟ on). Similar fi ndings were reported in other studies 
[12,13]. Systemic infl ammaƟ on is associated with increased risk of CRC [14] and single 
nucleoƟ de polymorphisms (SNPs) at infl ammatory genes including CRP (rs1800947, 
rs1205), TNFA (rs1800629), and IL6 (rs1800795) are associated with greater CRC risk 
[15-17]. 

However, the eff ects of variants in infl ammaƟ on-related genes on the 
relaƟ onships between adiposity, infl ammaƟ on and the development of CRC are less 
understood. Therefore, we focused on specifi c SNPs in CRP (rs1800947, rs1205), TNFA 
(rs1800629) and IL6 (rs1800795) known to aff ect circulaƟ ng concentraƟ ons of the 
respecƟ ve proteins [18-20], and for which meta-analyses have shown associaƟ ons 
with increased risk of CRC and other cancers [15-17]. We aimed to invesƟ gate 
associaƟ ons between each of these SNPs and i) measures of adiposity and ii) plasma 
concentraƟ ons of hs-CRP as a marker of systemic infl ammaƟ on. We also examined 
whether those SNPs were associated with the risk of colorectal adenomatous polyps 
(a CRC precursor). Lastly, we evaluated the infl uence of the selected SNPs on the 
correlaƟ on between adiposity and hs-CRP. 

METHODS
Study design
We used a cross-secƟ onal study design involving adults living in the North East of 
England, United Kingdom, who parƟ cipated in the Biomarkers Of Risk In Colorectal 
Cancer (BORICC) Study [21]. Adult (>18 years) parƟ cipants who were listed to 
undergo endoscopy for diagnosƟ c purposes were recruited from Wansbeck General 
Hospital, Northumberland, UK. The exclusion criteria of this study included: a 
familial predisposiƟ on to CRC; colorectal neoplasia and infl ammatory disease. Ethical 
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approval for the study was received from the Northumberland Local Research Ethics 
CommiƩ ee (Project reference NLREC2/2001) and details of parƟ cipant recruitment 
have been described elsewhere [21]. A total of 329 parƟ cipants were recruited, 
comprising healthy individuals (n=236, at normal risk of CRC) and those with 
colorectal adenomatous polyps (n=93, at higher risk of CRC). 

Markers of adiposity and infl ammation 
Anthropometrics was assessed as body weight (kg), body mass index (BMI; kg/
m2), waist circumference (WC; cm), hip circumference (cm), and waist-to-hip raƟ o 
(WHR) by trained staff  using standardized protocols. ABSI was calculated from WC, 
BMI and height measurements according to Krakauer and Krakauer (ABSI: WC/

((BMI(2/3)×height(1/2)))[22]. InformaƟ on on parƟ cipant characterisƟ cs including 
medical history, drug history, smoking status, and supplement use were collected 
using a quesƟ onnaire. Plasma concentraƟ ons of hsCRP were measured using an 
enzyme linked immunosorbent assay.

Assessment of genetic variants
From plasma that had been stored at -80°C, DNA was extracted using the ThermoFisher 
Genomic DNA isolaƟ on kit (Waltham, MA, USA) following the manufacturer’s 
instrucƟ ons. The DNA was sent to LGC, Biosearch Technologies for analysis of geneƟ c 
variants using KASP assays (LGC group) for the following 4 SNPs in infl ammaƟ on-
related genes: CRP (+942G>C, rs1800947 and +1846C>T, rs1205), TNFA (–308 G>A, 
rs1800629) and IL6 (–174G>C, rs1800795). 

The variaƟ on at TNFA rs1800629, IL6 (rs1800795) and CRP (rs1205) lies 
outside of the coding region whilst variaƟ on at CRP (rs1800947) is within the coding 
region. The G allele of TNFA (rs1800947), C allele of IL6 (rs1800795), G allele of CRP 
(rs1800947) and C allele of CRP (rs1800947), were considered as eff ect alleles because 
they have been associated with increased expression or concentraƟ on of the encoded 
proteins [23-27]. For further analyses, we used a dominant model (AA vs Aa+aa) 
comparing those who were homozygous for the eff ect allele with heterozygotes and 
those homozygous for the non-eff ect allele. To evaluate the cumulaƟ ve eff ect of gene 
variants on risk of adenomatous polyps, we calculated a geneƟ c risk score (GRS) for 
those with complete data for all four SNPs. Using the available literature (Table 6.2) 
[23-27], a score of 0 was allocated to those carrying 0 or 1 eff ect allele, and a score of 
1 was allocated to those carrying two eff ect alleles (homozygote). The score for each 
gene was summed to yield a ‘total score’ ranging between 0 and 4.  
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Data analysis
StaƟ sƟ cal analyses were performed using JASP soŌ ware Version 0.8.3.1 (The University 
of Amsterdam).  Diff erences in adiposity and hs-CRP concentraƟ on between those 
with and without adenomatous polyps were analyzed using the Mann-Whitney test. 
CalculaƟ on of Hardy-Weinberg equilibrium was performed using the online tool 
snpstat.com [28]. Diff erences in adiposity measures and in hs-CRP concentraƟ ons 
between genotypes were analyzed using the Mann-Whitney test and ANCOVA with 
adjustment for age, sex, medical history (including diabetes mellitus, any types of 
cancer, heart diseases, irritable bowel syndrome, faƩ y liver disease), drug history, 
smoking status, and presence of adenomatous polyps. Those factors were previously 
reported to be associated with infl ammaƟ on [10]. The odds raƟ o (OR) for risk of 
adenomatous polyps, according to SNPs at infl ammatory genes, was calculated using 
condiƟ onal logisƟ c regression. InteracƟ ons between SNPs at infl ammatory genes, 
adiposity measures, and hs-CRP concentraƟ ons for all parƟ cipants combined were 
analyzed using linear regression. Within each specifi c genotype group, relaƟ onships 
between adiposity measures and hs-CRP concentraƟ on were invesƟ gated using 
linear regression with adjustment for age, sex, medical history, drug history, smoking 
status, and polyps group.

RESULTS
ParƟ cipant characterisƟ cs are summarized in Table 6.1. From a total of 408 potenƟ al 
parƟ cipants, we used data from 329 who had a complete dataset including genotype. 
Overall, there were similar numbers of males and females (169 and 160, respecƟ vely) 
who ranged in age from 17-83 years. Individuals with adenomatous polyps were 
more likely to be male and older compared with healthy individuals (without 
polyps). There were no signifi cant diff erences in adiposity measures between those 
with, and those without, polyps. ParƟ cipants with polyps had a higher WHR, but 
this associaƟ on was no longer signifi cant aŌ er adjustment for potenƟ al confounding 
factors. Systemic infl ammaƟ on, assessed as circulaƟ ng concentraƟ on of hs-CRP, was 
higher in parƟ cipants with polyps (p=0.012). ParƟ cipants with adenomatous polyps 
had higher GRS for infl ammatory genes than those without adenomatous polyps 
(p=0.002). 
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Table 6.1. Characteristics of study participants.

All participants With adenomatous polyp (n=93)
Without adenomatous polyp 

(n=236)
p* p^

Men 

(n=63)

Women 

(n=30)

pa

Men 

(n=106)

Women 

(n=130)

pa

Age (years) 53.1±13.9 60.6±11.7 60.1±11.4 48.1±13.1 51.9±13.9 <0.001

Height (m) 1.69±0.10 1.74±0.09 1.59±0.06 <0.001 1.77±0.08 16.2±0.07 <0.001 0.590 0.113

Weight (kg) 82.2±19.1 90.1±19.5 72.9±17.2 <0.001 87.9±17.7 75.7±17.4 <0.001 0.129 0.352

BMI (kg/m2) 28.6±5.8 29.6±6.1 28.7±6.2 0.424 27.9±4.6 28.7±6.3 0.890 0.182 0.103

WC (cm) 94.5±15.6 102.1±14.0 87.0±21.4 <0.001 98.3±13.2 89.5±14.2 <0.001 0.050 0.821

HC (cm) 104.4±13.0 104.6±11.1 99.8±22.6 0.121 102.9±9.4 106.6±13.3 0.251 0.228 0.364

WHR 0.90±0.09 0.98±0.06 0.87±0.07 <0.001 0.95±0.07 0.84±0.07 <0.001 <0.001 0.078

ABSI 0.078±0.007 0.081±0.007 0.076±0.006 <0.001 0.080±0.005 0.075±0.006 <0.001 0.010 0.404

hs-CRP 
(mg/L) 3.90±5.06 5.08±6.40 5.31±5.4 0.814 2.78±3.4 3.62±4.98 0.571 0.003 0.012

GRS 2.3±0.87 2.6±0.8 2.8±0.6 0.973 2.14±0.84 2.19±9.2 0.271 <0.001 0.002

Data are presented as mean ± standard deviation; #Chi-square test; *ANOVA test between those with 
and without polyp (combined men and women); ̂ ANCOVA test between those with and without polyp 
(combined men and women) adjusting for age, sex, current smoking status, supplement use, medical 
diagnosis, and infl ammation aff ecting-drug use, aANCOVA test between men and women adjusting  
for age, current smoking status, supplement use, medical diagnosis, and infl ammation aff ecting-drug 
use; ABSI: A body shape index; BMI: body mass index, GRS: genetic risk score, hs-CRP : high-sensitivity 
C-reactive protein, HC: hip circumference, WC: waist circumference, WHR: waist-to-hip ratio.

The distribuƟ on of variants in infl ammaƟ on-related genes is shown in Table 
6.2. In this study, not all genotypic data were available for all parƟ cipants due to 
call rate. The call rates for geneƟ c analyses were between 76% (rs1205) and 96% 
(rs1800947).

Table 6.2. Characteristics of genetic variants in study participants.

Gene SNP Allele Amino acid 
codon SNP location Eff ect % call 

rate p HWE MAF

TNFA rs1800629 G>A No Upstream Transcript 
Variant

G allele increase TNF-alpha 
activity and plasma 
concentration [23]

78 0.027 A (0.15)

IL6 rs1800795 C>G No Upstream Transcript 
Variant

C allele increases IL-6 
transcription IL-6 

concentration in blood 
[24-26]

85 0.001 C (0.41)

CRP rs1800947 G>C L [CTG] > L 
[CTC]

Coding Sequence Variant G allele increases CRP 
concentration [27]

96 0.047 C (0.03)

CRP rs1205
C>T No Untranslated Region 

variant
C allele increase CRP 
concentration [27]

76 0.026 T (0.34)

HWE: Hardy-Weinberg equilibrium; MAF : minor allele frequency; CRP : C-reactive protein; TNFA : tumor 
necrosis factor alpha; IL6 : interleukin 6; % call rate : % successfully analyzed genotypes from all available 

DNA samples.
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Diff erences in markers of adiposity and in hs-CRP concentraƟ on between 
genotypes of each infl ammaƟ on-related gene are summarized in Table 6.3. Those 
carrying the A allele of TNFA (rs1800629) had a lower body weight (p=0.023) and 
lower BMI (p=0.007) compared with those carrying the G allele. In contrast, for IL6 
(rs1800795), those carrying the G allele had higher body weight (p=0.047). CirculaƟ ng 
hs-CRP concentraƟ ons were lower in those with the A allele of TNFA (rs1800629) 
(p=0.023) or the T allele of CRP (rs1205) (p=0.007); however these fi ndings were 
no longer staƟ sƟ cally signifi cant aŌ er adjusƟ ng for polyps status. There were no 
diff erences in markers of adiposity between CRP (rs1205) genotypes or between CRP 
(rs1800947) genotypes, and the laƩ er did not infl uence hs-CRP concentraƟ on (all 
p>0.05).

Table 6.3. Diff erences in markers of adiposity and of hs-CRP concentration between genotypes for 
infl ammation-related genes.

TNFA (rs1800629)
G/G (n=188)  G/A + A/A (n=68) Model 1 p* Model 2 pa Model 3 pb

Weight (kg) 84.1±20.2 79.0 ± 16.7 0.061 0.015 0.023
BMI (kg/m2) 29.4±6.2 26.9 ± 4.8 0.004 0.003 0.007
Waist circumference (cm) 95.6±17.0 92.5 ± 14.7 0.187 0.079 0.086
Hip circumference (cm) 105.6±14.6 103.3 ± 10.5 0.231 0.160 0.115
WHR 0.90±0.09 0.89 ± 0.09 0.387 0.129 0.224
Hs-CRP (mg/L) 4.4±5.4 2.5 ± 3.9 0.023 0.092 0.402
ABSI 0.078±0.007 0.078±0.006 0.783 0.845 0.837

IL6 (rs1800795)
C/C (n=60) G/C + G/G (n=219) p* pa pb

Weight (kg) 79.8 ± 16.4 82.7 ± 19.6 0.300 0.045 0.047
BMI (kg/m2) 27.9 ± 4.7 28.8 ± 6.0 0.271 0.073 0.077
Waist circumference (cm) 93.2 ± 12.6 94.5 ± 16.4 0.320 0.164 0.165
Hip circumference (cm) 103.0 ± 8.9 104.9 ± 13.8 0.307 0.100 0.099
WHR 0.90 ± 0.09 0.89 ± 0.09 0.741 0.928 0.928
Hs-CRP (mg/L) 4.1 ± 4.8 3.8 ± 5.2 0.727 0.911 0.846
ABSI 0.078±0.007 0.078±0.007 0.817 0.278 0.275

CRP (rs1800947)
G/G (n=294) G/C+C/C (n=20) p* pa pb

Weight (kg) 82.4 ± 19.6 81.3 ± 15.9 0.813 0.502 0.504
BMI (kg/m2) 28.6 ± 5.9 27.9 ± 5.4 0.603 0.467 0.468
Waist circumference (cm) 94.6 ± 16.0 92.5 ± 12.8 0.575 0.589 0.590
Hip circumference (cm) 104.4 ± 13.4 103.8 ± 12.0 0.846 0.646 0.643
WHR 0.91 ± 0.09 0.89 ± 0.08 0.513 0.774 0.778
Hs-CRP (mg/L) 4.0 ± 5.2 2.4 ± 2.0 0.237 0.392 0.353
ABSI 0.078±0.007 0.076±0.005 0.170 0.380 0.379

CRP (rs1205)
C/C (n=116) C/T+T/T (n=135) p* pa pb

Weight (kg) 82.5 ± 19.6 82.0 ± 17.2 0.821 0.963 0.904
BMI (kg/m2) 28.5 ± 6.0 28.5 ± 5.0 0.985 0.910 0.791
Waist circumference (cm) 95.1 ± 14.8 94.2 ± 14.2 0.625 0.787 0.875
Hip circumference (cm) 104.7 ± 11.4 104.9 ± 10.8 0.849 0.978 0.998
WHR 0.91 ± 0.09 0.89 ± 0.09 0.376 0.637 0.843
Hs-CRP (mg/L) 4.9 ± 6.5 2.9 ± 3.6 0.007 0.037 0.074
ABSI 0.078±0.007 0.078±0.007 0.390 0.450 0.484

Data are presented as mean ± standard deviation, *Model 1 basic ANOVA, aModel 2: As for Model 1 
adjusted for age, sex, medical history, drug history, supplement use, smoking status; bModel 3: As for 
Model 2 plus adjustment for presence of adenomatous polyps; BMI: body mass index, hs-CRP : high-
sensitivity C-reactive protein, WHR: waist-to-hip ratio, ABSI: a body shape index
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CondiƟ onal logisƟ c regression was used to evaluate the role of SNPs in 
infl ammaƟ on-related genes on the risk of adenomatous polyps. We observed 
increased OR for the development of polyps among those who carried the GG 
genotype of TNFA (rs1800629) and CC genotype of CRP (rs1205). When corrected 
for confounding factors including age, sex, diagnoses of other diseases, anƟ -
infl ammatory drug use, supplement use, smoking status, BMI and C-reacƟ ve protein, 
the eff ect of the GG genotype of TNFA (rs1800629) on risk of adenomatous polyps 
remained staƟ sƟ cally signifi cant (p=0.002), while the eff ect of CC genotype of CRP 
(rs1205) diminished (p=0.255) (Table 6.4).

Table 6.4. Odds Ratio (OR) for risk of adenomatous polyp according to genotype of infl ammation-
related genes.

N Risk 
geno-
typea

Analysis OR* 95% CI* p* OR# 95% CI# p#

TNFA (rs1800629) 258 GG GG vs GA+AA 4.46 1.82 - 10.90 0.001 9.33 2.33 - 
37.38

0.002

IL6 (rs1800795) 282 CC CC vs GC+GG 1.05 0.56 - 1.98 0.885 0.77 0.34 - 1.76 0.540

CRP (rs1800947) 317 GG GG vs GC+CC 1.62 0.53 - 4.98 0.401 0.75 0.14 - 2.60 0.499

CRP (rs1205) 254 CC CC vs CT+TT 2.00 1.13 - 3.54 0.017 1.53 0.74 - 3.17 0.255

aDominant model of risk allele, see Table 6.2. *Logistic regression analysis without adjustment; #Conditional logistic 
regression with adjustment for age, sex, medical diagnosis, anti-infl ammatory drug use, supplement use, smoking 
status, body mass index and C-reactive protein.; OR=adjusted odds ratio

The straƟ fi ed analysis on the relaƟ onships between measures of adiposity and 
hs-CRP concentraƟ on based on variaƟ on in infl ammaƟ on-related genes is summarized 
in Table 6.5. Among those with the GG genotype of TNFA (rs1800629), adiposity 
measures (body weight, BMI, waist and hip circumference) correlated posiƟ vely 
with hs-CRP concentraƟ on (p <0.05). This correlaƟ on was not seen among those 
with GA+AA genotypes (all p>0.05). For IL-6, there were no relaƟ onships between 
adiposity markers and hs-CRP concentraƟ on among those with the C/C genotype 
(rs1800795). In contrast, for those with the C/G + G/G genotype (rs1800795), body 
weight, BMI, waist and hip circumference were associated with hs-CRP concentraƟ on 
(all p<0.05). Among those with G/G genotype of CRP (rs1800947), hs-CRP was 
correlated with all adiposity measures while no interacƟ on was seen among those 
with G/C+C/C genotypes. With respect to the CRP gene (rs1205), adiposity measures 
were associated with hs-CRP concentraƟ ons only in parƟ cipants with the T/C + T/T 
genotypes with the C/C genotype. InteresƟ ngly, for all genotypes individually, there 
was no relaƟ onship between ABSI and hs-CRP concentraƟ on (Table 6.5).
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Table 6.5. Infl uence of genotype for infl ammation-related genes on the relationships between markers 
of adiposity and hs-CRP concentration. 

Correlation of adiposity markers with plasma concentration of hs-CRP
G/G G/A + A/A

Model 1 Model 2 Model 1 Model 2
TNFA (rs1800629) B p B p B p B p
Body weight (kg) 0.303 0.002 0.294 0.002 0.177 0.381 0.125 0.553
BMI (kg/m2) 0.258 0.003 0.244 0.004 0.176 0.315 0.150 0.397
Waist circumference (cm) 0.211 0.031 0.215 0.025 0.318 0.145 0.269 0.246
Hip circumference (cm) 0.195 0.022 0.209 0.012 0.096 0.585 0.053 0.773
WHR 0.057 0.664 0.037 0.776 0.462 0.061 0.421 0.100
ABSI -0.016 0.887 -0.001 0.995 0.163 0.485 0.104 0.668

C/C C/G + G/G
IL6 (rs1800795) B p B p B p B p
Body weight (kg) 0.136 0.475 0.136 0.480 0.368 <0.001 0.350 <0.001
BMI (kg/m2) 0.172 0.316 0.165 0.346 0.367 <0.001 0.344 <0.001
Waist circumference (cm) 0.280 0.189 0.287 0.178 0.313 <0.001 0.307 <0.001
Hip circumference (cm) 0.221 0.197 0.223 0.193 0.266 <0.001 0.288 <0.001
WHR 0.178 0.500 0.187 0.480 0.189 0.098 0.124 0.277
ABSI 0.201 0.302 0.239 0.241 0.012 0.908 0.003 0.972

G/G G/C + C/C
CRP (rs1800947) B p B p B p B p
Body weight (kg) 0.327 <0.001 0.316 <0.001 0.035 0.946 0.052 0.940
BMI (kg/m2) 0.329 <0.001 0.316 <0.001 0.024 0.967 0.017 0.982
Waist circumference (cm) 0.292 <0.001 0.284 <0.001 -0.015 0.987 0.029 0.984
Hip circumference (cm) 0.246 <0.001 0.251 <0.001 -0.227 0.546 -0.460 0.509
WHR 0.193 0.050 0.164 0.097 0.696 0.322 1.307 0.253
ABSI -0.016 0.835 0.003 0.966 -0.260 0.599 -0.259 0.683

C/C T/C+T/T
CRP (rs1205) B p B p B p B p
Body weight (kg) 0.277 0.030 0.235 0.057 0.415 <0.001 0.415 <0.001
BMI (kg/m2) 0.245 0.032 0.197 0.079 0.460 <0.001 0.460 <0.001
Waist circumference (cm) 0.264 0.041 0.206 0.099 0.485 <0.001 0.486 <0.001
Hip circumference (cm) 0.288 0.009 0.254 0.017 0.411 <0.001 0.414 <0.001
WHR 0.086 0.597 0.015 0.924 0.324 0.017 0.330 0.018
ABSI -0.015 0.913 -0.008 0.950 0.174 0.164 0.173 0.171

Model 1: Linear regression adjusting for age, sex, medical diagnosis, drug, supplement use and smoking 
status; Model 2: as for Model 1 with additional adjustment for presence of adenomatous polyps, BMI: 
body mass index, WHR: waist-to-hip ratio, ABSI: a body shape index

DISCUSSION
This study invesƟ gated the interacƟ on between variants of infl ammatory genes (CRP, 
TNFA, and IL6), markers of adiposity, systemic infl ammaƟ on (assessed using hs-CRP 
concentraƟ on) and CRC risk as indicated by the presence of adenomatous polyps. 
People with colorectal polyps had higher hs-CRP concentraƟ ons but did not diff er in 
adiposity measures from the healthy controls. Findings from previous studies have 
been inconsistent; for example, in the Calcium Polyp PrevenƟ on Study, there was no 
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associaƟ on between hs-CRP concentraƟ on and occurrence of colorectal adenomas 
[29]. In contrast, several studies have reported that hs-CRP is posiƟ vely associated 
with the presence of colorectal adenomas [30,31]. 

We found no diff erences in body weight or BMI between those with, and 
without, colorectal polyps. These fi ndings diff er from the conclusion that obesity is 
associated with colorectal adenoma risk reported in an earlier meta-analysis [32]. In 
contrast, in the present study, markers of abdominal adiposity, including WHR and 
ABSI, were associated with the presence of colorectal polyps. This fi nding supports 
the report from the Black Women’s Health Study which showed that increased ABSI 
was associated with increased adenoma risk [33].

All four SNPs in three infl ammatory genes have been associated with greater 
CRC risk in other studies [15-17]. In the present study, we showed that the GRS 
from a combinaƟ on of SNPs at infl ammatory genes was signifi cantly higher among 
those with adenomatous polyps. However, when the analysis was done for each 
SNP individually, only parƟ cipants with the GG genotype for TNFA (rs1800629) were 
more likely to have an adenomatous polyps. In addiƟ on, only the TNFA (rs1800629) 
genotype was associated with adiposity. 

We observed that variants in infl ammatory genes may infl uence the 
relaƟ onship between adiposity and systemic infl ammaƟ on. However, there was 
no consistent relaƟ onship between carriage of the eff ect allele, i.e. the allele 
associated with increased plasma concentraƟ ons of the corresponding infl ammatory 
proteins, and the likelihood that adiposity measures would correlate with hs-CRP 
concentraƟ on. For those with the G/G genotype of TNFA (rs1800629), C/G + G/G 
genotype of IL6 (rs1800795), G/G genotype of CRP (rs1800947) and T/C+T/T genotype 
of CRP (rs1205), there were signifi cant relaƟ onships between adiposity measures 
and hs-CRP concentraƟ ons. This relaƟ onship was not seen in the opposite geneƟ c 
group, suggesƟ ng that geneƟ c variaƟ on infl uences the pro-infl ammatory eff ects 
of increased adiposity. Across all genotypes individually, there was no relaƟ onship 
between ABSI and hs-CRP concentraƟ on. This is in contrast with a study of 1442 
obese and overweight adults in Central China where there was a weak posiƟ ve 
correlaƟ on between ABSI and hs-CRP concentraƟ on [34].

The fi ndings of this study are summarized conceptually in Figure 6.1. This 
is in the context of evidence that lifestyle factors that increase adiposity, together 
with geneƟ c factors, amplify the risk of developing CRC [35]. In the present study, 
we showed that BMI was not associated with risk of colorectal polyps, which are 
precursors of CRC, whereas WHR and ABSI (indicators of central obesity) were higher 
among those with colorectal polyps. The infl uence of central obesity on colorectal 
cancer risk has been reported in a recent meta-analysis of prospecƟ ve studies [36]. 
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Figure 6.1. Proposed relationships between genotypes for variants in pro-infl ammatory genes, 
adiposity, infl ammation and colorectal cancer risk. hs-CRP: high sensitive C reactive protein. Among 
the four genetic variants investigated in this study, only SNPs at TNFA and IL6 were associated with 
adiposity measures. For those with the G/G genotype of TNFA (rs1800629), C/G + G/G genotype of 
IL6 (rs1800795), G/G genotype of CRP (rs1800947) and T/C+T/T genotype of CRP (rs1205), there were 
signifi cant relationships between adiposity measures and hs-CRP concentrations. The increment of hs-
CRP thus increase risk of colorectal polyps.

Among the four geneƟ c variants invesƟ gated in this study, only SNPs at 
TNFA and IL6 were associated with adiposity measures. Individuals with the G/G 
genotype of TNFA had higher body weight and BMI and these associaƟ ons remained 
signifi cant aŌ er extensive adjustment for potenƟ al confounders.  This is consistent 
with previous reports that the GG variant of the TNFA gene is associated with greater 
obesity risk [37]. The G allele of TNFA (rs1800629) is associated with increased TNF-
alpha protein in the circulaƟ on [23] and obesity and TNF-alpha concentraƟ on are 
correlated posiƟ vely [38,39]. However, the mechanism through which the GG variant 
of the TNFA gene may increase obesity risk remains to be discovered. 

Variants in TNFA (rs1800629) and CRP (rs1205) were associated with hs-CRP 
concentraƟ on in unadjusted analyses but these associaƟ ons were weakened aŌ er 
adjustment for potenƟ al confounding factors. Results from this study are in line with 
results from other studies [23,27,40]. A recent meta-analysis reported no signifi cant 
correlaƟ on between TNFA (rs1800629) genotype and CRC risk [41]. In contrast, 
in the present study, we observed that those carrying the G/G genotype of TNFA 
(rs1800629) had increased risk of adenomatous polyps. TNF-alpha is an infl ammatory 
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mediator that drives cancer progression [42]. Those with the G/G genotype of TNFA 
(rs1800629) have higher plasma concentraƟ on of TNF-alpha [24] that may increase 
risk of colorectal polyps development. 

PotenƟ al limitaƟ ons of this study include that the study parƟ cipants 
were selected from those invited for a colorectal examinaƟ on for gastrointesƟ nal 
symptoms which may limit the generalisability of fi ndings to a wider populaƟ on, this 
is refl ected by the Hardy-Weinberg equilibrium value. Secondly, we used a simple 
GRS for pro-infl ammatory genes with the assumpƟ on that all gene variants had equal 
eff ects. Since each individual gene variaƟ on is likely to have a diff erent eff ect size, 
use of a weighted approach for derivaƟ on of the GRS may have been advantageous 
[43]. However, with the relaƟ vely small number of geneƟ c variants included in our 
score, we did not consider this more sophisƟ cated approach was jusƟ fi ed. A strength 
of this study is that we evaluated data from those with colorectal adenomatous 
polyps compared with those who underwent a colorectal examinaƟ on and who were 
shown to be polyps-free (healthy parƟ cipants). This minimized the likelihood of mis-
classifi caƟ on of parƟ cipants. Finally, in addiƟ on to widely-used markers of adiposity, 
we invesƟ gated relaƟ onships with ABSI, a novel measure of central adiposity that is 
associated with CRC risk [4].

In summary, this study showed that geneƟ c variaƟ on in infl ammatory markers 
infl uenced individual response to adiposity. VariaƟ on in TNFA was associated with 
adiposity and the presence of colorectal polyps. In addiƟ on, SNPs at CRP, TNFA and 
IL6 infl uence the associaƟ on of adiposity with systemic infl ammaƟ on. These fi ndings 
require confi rmaƟ on in addiƟ onal populaƟ on-based studies. Finally, from a cancer 
prevenƟ on perspecƟ ve, it will be important to discover whether the eff ects of weight 
loss on infl ammatory markers is infl uenced by these geneƟ c variants.
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ABSTRACT
The objecƟ ve of this study was to evaluate the interacƟ on between gene variaƟ ons 
in pro-infl ammatory genes (CRP, TNFA, and IL6) and diet and its eff ect on hs-CRP 
and weight regain following weight loss in the DIOGenes Trial. 453 parƟ cipants with 
overweight or obesity of the DIOGenes trial, who successfully fi nished the weight 
loss and weight maintenance phases and in whom gene variaƟ ons were measured, 
were included. During the weight maintenance phase, subjects consumed an ad 
libitum diet with diff erent recommendaƟ ons on protein content and glycemic index 
(GI). VariaƟ ons in the pro-infl ammatory genes CRP (rs1205 and rs1800947), TNFA 
(rs1800629 and rs361525) and IL6 (rs1800795) were evaluated. VariaƟ ons in the 
CRP gene were associated with hs-CRP concentraƟ on at baseline and during weight 
maintenance. VariaƟ ons in pro-infl ammatory genes were not associated with body 
weight at baseline, aŌ er weight loss and at the end of the weight maintenance period 
(all p>0.05). The posiƟ ve correlaƟ on between GI and changes in body weight during 
weight maintenance was signifi cant among those with the GG genotype (p=0.044) 
of TNFA rs1800629 but not in those with the GA+AA genotype (p=0.487). Percent 
protein intake was negaƟ vely correlated with changes of body weight only among 
those with the CC genotype of CRP rs1205 (p=0.016), CC genotype of CRP rs1800947 
(p=0.028) and the GC+GG genotype of IL6 rs1800795 (p=0.004). VariaƟ ons in pro-
infl ammatory genes (CRP, TNFA, and IL6) infl uenced the weight regain response to 
the protein content and GI of the diet. 

Keywords: Obesity, weight loss, geneƟ c variaƟ on, infl ammaƟ on, diet.
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INTRODUCTION
Obesity is associated with increased systemic and adipose Ɵ ssue infl ammaƟ on due 
to immune cell infi ltraƟ on and higher producƟ on of pro-infl ammatory cytokines [1]. 
An increase in high-sensiƟ ve C reacƟ ve protein (hs-CRP) in obesity has been shown 
in populaƟ on-based studies [2]. Among individuals with obesity and overweight, 
weight loss is associated with a reducƟ on in hs-CRP [3-6]. Changes in hs-CRP were 
posiƟ vely correlated with changes in body weight and body fat over a 2-year period 
in the POUNDS LOST study [3]. In contrast to systemic infl ammaƟ on, studies showed 
a signifi cant increase of infl ammaƟ on markers in adipose Ɵ ssue immediately aŌ er a 
period of weight loss [7-9], and these increments were associated with subsequent 
weight regain. It has been argued that adipose Ɵ ssue infl ammaƟ on may play a role in 
the regulaƟ on of body weight aŌ er weight loss [10].

DiOGenes is an intervenƟ on study that consisted of a weight loss intervenƟ on 
and dietary modifi caƟ on (focusing on protein content and glycemic index (GI) of the 
diet) aŌ er weight loss for weight loss maintenance, and was conducted in 8 countries 
in Europe with an objecƟ ve to evaluate factors associated with weight regain [11]. It 
was shown that diets with a low glycemic index (GI) were associated with less weight 
regain and a reducƟ on of infl ammaƟ on. Higher protein diets were also associated 
with less weight regain, but with less reducƟ on of infl ammaƟ on [4,12]. These 
fi ndings suggest an interacƟ on between diet, infl ammaƟ on, and weight regain, 
which is not fully understood. Because infl ammaƟ on is infl uenced by gene variaƟ on 
[13-16], analysis of variaƟ ons in infl ammatory genes might partly explain the role of 
infl ammaƟ on in weight regain. 

This study therefore aimed to evaluate the role of variaƟ ons in pro-
infl ammatory genes on the associaƟ ons between protein intake, glycemic index 
(GI), infl ammaƟ on, and weight regain aŌ er a weight loss program in adults with 
overweight or obesity. VariaƟ ons in genes encoding CRP, TNFA, and IL6 were selected 
because those were previously reported to have an eff ect on circulaƟ ng hs-CRP as 
well as obesity in humans [13-16].

METHODS
Study Participants
The DiOGenes study is a randomized controlled trial conducted among families in 
which at least one of the parents was overweight/obese. Centers in 8 countries 
across Europe parƟ cipated in this study: The Netherlands, Denmark, United 
Kingdom, Greece, Spain, Germany, Bulgaria, and the Czech Republic. The inclusion 
and exclusion criteria for the families have been described in detail before [17]. The 
453 adults which were included in this secondary analysis were less than 65 years old 
and were overweight or obese (body mass index between 27 kg/m2 and 45 kg/m2) 
at baseline. They had all completed the weight loss and 6-month weight maintenance 
phase and genotyping of their DNA was available. 
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The Study Design
This study was done in 2 phases: the weight loss phase and the weight maintenance 
phase. During weight loss phase subjects followed an 8-week low-calorie diet of 800 
kcal/day. The diet in this phase was based on Modifast meal replacements (NutriƟ on 
& Santé) and roughly 200 grams of vegetables per day. During the weight loss period, 
subjects were rouƟ nely checked for compliance and adverse eff ects. AŌ er 8 weeks, 
those who achieved 8% of weight loss from their iniƟ al weight were eligible for the 
weight maintenance phase. 

During the 26-week weight maintenance phase, subjects were randomized 
to 5 diff erent diets with variaƟ ons of protein composiƟ on and glycemic index (GI): 1) 
high protein, low GI; 2) high protein, high GI; 3) low protein, low GI; 4) low protein, 
high GI and 5) control. Details of the diet composiƟ on in the diff erent groups and 
the way the intervenƟ on was conducted have been reported elsewhere [18]. In 
short, recommended protein content in the low protein groups was 13 % of energy 
intake and 25% in the high protein groups. A diff erence of 15 glycemic index units 
was targeted between the low and high GI groups. In the control group, subjects 
received recommendaƟ ons according to the standard healthy diet recommendaƟ on 
in their own country. The recommended fat intake in all groups was 25-30% of total 
energy intake. There was no restricƟ on on the total energy intake (ad libitum). For 
the purpose of the analysis in this paper, we merged subjects from all dietary groups 
and evaluated the trial as an observaƟ onal study.

Dietary Assessment
Subjects reported their dietary intake using a dietary record of 3 consecuƟ ve days. 
This dietary assessment was done three Ɵ mes : at screening (baseline), at weeks 
4 and at week 26 during the weight maintenance phase. Data on food intake was 
then translated into the intake of nutrients based on the local food composiƟ on 
databases. Analysis of the glycemic index was done as previously described [19]. 
Protein and glycemic index during the weight maintenance phase were the average 
of intakes at week 4 and 26 of the weight maintenance phase or of week 26 alone 
when week 4 data were missing. 

Anthropometric and Infl ammation assessment 
Anthropometric measurements such as body weight and body composiƟ on were 
done at baseline, at the end of the weight loss phase and at the end of the weight 
maintenance phase. Body composiƟ on was measured either by dual-energy 
X-ray absorpƟ ometry (DXA) or bioelectrical impedance analysis (BIA). Hs-CRP was 
measured as a marker of systemic infl ammaƟ on. Serum hs-CRP was analysed using 
an immunoturbidimetric assay (Roche DiagnosƟ cs). Details regarding the hs-CRP 
analysis have been reported previously [4].
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Genotyping
DNA for genotyping was extracted from buff y coats of blood specimens collected in 
EDTA-tubes. Analysis of genotypes was done using the Illumina Bead StaƟ on System 
(IlluminaInc) by IntegraGen. Five single nucleoƟ de polymorphisms from 3 genes (CRP 
(rs1205 and rs1800947), TNFA (rs1800629 and rs361525) and IL6 (rs1800795)) were 
selected because of their previous involvement in the regulaƟ on of infl ammaƟ on 
in humans. Based on the literature, we selected the eff ect allele as the allele that 
increased expression or infl ammaƟ on level (Table 7.1). The analysis was done with 
the dominant model for the eff ect allele, except for CRP rs1800947 because the 
number of the homozygote eff ect genotype (GG) was limited, thus we combined the 
heterozygotes with the homozygotes of the minor allele (GG+GC). Hardy Weinberg 
equaƟ on analysis was done using SNPstat (hƩ ps://www.snpstats.net).

Table 7.1. The eff ect of selected gene variations in pro-infl ammatory genes.

Gene Gene 
variation

Allele 
Variation

Amino acid 
codon Location Eff ect 

allele Eff ect

CRP rs1205 C>T No Untranslated Region 
variant

C C allele increases hs-CRP level [13]

CRP rs1800947 G>C L [CTG] > L [CTC] Coding Sequence 
Variant

G G allele increases hs-CRP level [13]

TNFA rs1800629 G>A No Upstream Transcript 
Variant

G G allele increases TNF-alpha activity and 
plasma level [21]

TNFA rs361525 G>A No Promoter region G G allele increases TNF-alpha expression [22]

IL6 rs1800795 C>G No Upstream Transcript 
Variant

C C allele increases IL6 transcription and IL-6 
level in blood [23-25]

Statistical Analysis
The staƟ sƟ cal analysis was done using JASP soŌ ware Version 0.8.3.1 (University of 
Amsterdam) [20]. The geneƟ c dominant model was used when comparing the eff ect 
of genotypes on anthropometric measures, systemic infl ammaƟ on (plasma hs-CRP). 
The eff ect of CRP (rs1205 and rs1800947), TNFA (rs1800629 and rs361525) and IL6 
(rs1800795) gene variaƟ ons on body weight, body composiƟ on and hs-CRP was 
analysed at baseline using independent t-tests. ANCOVA was used to evaluate the 
associaƟ on between gene variaƟ ons and changes in body weight and hs-CRP during 
weight loss (all groups) with correcƟ on for age and gender. A linear regression test 
was used to analyze the infl uence of gene variaƟ ons (CRP, TNFA, and IL6) on the 
correlaƟ on between changes in hs-CRP and body weight during weight maintenance 
with correcƟ on for age, gender and study center. Factors associated with weight 
regain and hs-CRP were used as confounding factors. Age was used as confounding 
factor because it was associated with hs-CRP in the literature [21] and in this study 
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gender and study center were associated with weight regain. A linear regression test 
was also used to evaluate the correlaƟ on between dietary GI and percent protein 
during weight maintenance and weight changes based on gene variaƟ ons with 
correcƟ on for gender, study center, BMI at randomizaƟ on. For GI analysis, addiƟ onal 
correcƟ on for protein was done. For protein analysis an addiƟ onal correcƟ on for GI 
was done.

RESULTS
Details about allele selecƟ on and genotype grouping are presented in Table 7.1. 
Allele frequencies and Hardy Weinberg equilibrium are shown in Supplementary 
Table 7.1. Subjects were grouped based on their genotypes which include included 
CRP (rs1205 and rs1800947), TNFA (rs1800629 and rs361525) and IL6 (rs1800795). 
We analyzed data of all subjects with a dominant model, except for CRP rs1800947, 
because analysis with other models was hindered by the number of subjects in each 
geneƟ c group. 

In Table 7.2 we show that variaƟ ons in the CRP gene (rs1205 and rs1800947) 
were associated with diff erences in baseline hs-CRP concentraƟ on (p=0.010 and 
p=0.030, respecƟ vely). However, these gene variaƟ ons were not associated with 
diff erences in anthropometric measures at baseline. Diff erences in changes in body 
weight and hs-CRP between genotype groups were not seen during the weight-loss 
period (Table 7.3). Changes in body weight also did not diff er between genotypes 
during the weight maintenance phase. However, the GC + GG genotypes of CRP 
(rs1800947) were associated with a greater reducƟ on in hs-CRP than the CC genotype 
during the weight maintenance period (Table 7.3).

Table 7.2. Baseline anthropometric variables and hs-CRP in genotypes of the CRP, TNFA and IL6 genes.

CRP RS1205 CRP RS1800947 TNFA RS1800629 TNFA rs361525 gen IL6 rs1800795

Baseline 
values

C/C 
n=357

C/T+T/T 
n=412 p^ C/C 

n=683
G/C+G/G 

n=86 p^ G/G 
n=564

G/A+A/A 
n=205 p^ G/G 

n=685
G/A+A/A 

n=84 p^ C/C
n=132

G/C+GG 
n=637 p^

Age (years) 41.2±6.3 41.3±6.2 0.83 41.3±6.2 41.0±6.2 0.45 41.5±6.3 40.6±6.2 0.05 41.2±6.3 41.6±5.9 0.62 41.7±6.9 41.2±6.1 0.28

Height (m) 2.0±0.1 2.0±0.1 0.39 2.0±0.1 2.0±0.1 0.38 2.0±0.1 2.0±0.1 0.94 2.0±0.1 2.0±0.0 N/A 2.0±0.0 2.0±0.1 N/A

Weight (kg) 99.3±17.6 100.0±17.6 0.81 99.5±17.8 100.8±15.6 0.44 99.7±17.8 99.6±17.1 0.87 99.7±17.6 99.2±18.0 0.67 100.0±19.3 99.6±17.2 0.94

BMI (kg/m2) 34.5±5.0 34.5±4.8 0.94 34.5±4.9 34.6±4.8 0.90 34.5±4.9 34.5±5.0 0.99 34.5±4.9 34.5±4.9 0.87 34.5±5.1 34.5±4.8 0.86

Body fat (%) 40.5±8.1 40.5±7.5 0.72 40.7±7.8 39.2±7.8 0.16 40.4±8.0 40.8±7.2 0.38 40.4±7.8 41.0±7.6 0.57 41.0±7.9 40.4±7.8 0.63

hs-CRP 4.6±4.2 4.0±3.7 0.01 4.4±3.9 3.7±3.8 0.03 4.4±4.2 3.9±3.2 0.61 4.3±3.9 4.4±3.8 0.86 4.2±3.8 4.3±4.0 0.83

^Mann Withney test; Data are presented as mean ± standard deviation.
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Table 7.3. Changes in body weight and hs-CRP during the low calorie and weight maintenance periods 
in the selected genotype groups.

Weight Loss Period Weight Maintenance Period

N Body weight 
(kg)

p* N hs-CRP 
(mg/L)

p* N Body weight 
(kg)

p* N hs-CRP (mg/L) p*

CRP (rs1205)

C/C 305 -11.2±0.2 0.53 288 -1.0±0.2 0.21 208 0.81 ± 0.34 0.16 191 -0.08 ± 0.16 0.28

C/T + T/T 339 -11.0±0.2 324 -0.7± 3.0 251 0.07 ± 0.38 231 -0.32 ± 0.15

CRP (rs1800947)

C/C 573 -11.1±0.2 0.46 545 -0.9±0.1 0.21 410 0.43 ± 0.27 0.73 376 -0.14 ± 0.12 0.04

G/C + G/G 71 -10.8±0.4 67 -0.4±0.3 49 0.14 ± 0.93 46 -0.85 ± 0.33

TNFA (rs1800629)

G/A + A/A 169 -11.0±0.3 0.82 162 -0.6±0.2 0.17 117 0.94 ± 0.48 0.23 107 -0.32 ± 0.18 0.58

G/G 475 -11.1±0.2 450 -0.9±0.1 342 0.22 ± 0.31 315 -0.18 ± 0.13

TNFA (rs361525)

G/A + A/A 71 -10.6±0.4 0.24 65 -1.0±0.4 0.59 48 1.00 ± 0.71 0.43 43 -0.09 ± 0.29 0.71

G/G 573 -11.2±0.2 547 -0.8±0.1 411 0.33 ± 0.28 379 -0.23 ± 0.12

IL6 (rs1800795)

C/C 112 -11.0±3.7 0.88 102 -0.5±3.0 0.25 83 0.3±7.3 0.72 75 -0.2±2.0 0.84

G/C+G/G 532 -11.1± 3.6 510 -0.9±2.8 370 0.5±5.0 345 -0.1±2.4

*ANCOVA analysis

The infl uence of variaƟ ons in the pro-infl ammatory genes on the correlaƟ on 
between changes in hs-CRP and changes in body weight during the weight 
maintenance period is shown in Table 7.4. VariaƟ ons in CRP (rs1205 and rs1800947), 
TNFA (rs1800629), and IL6 (rs1800795) genes infl uenced the correlaƟ ons between 
changes in hs-CRP and body weight during the weight maintenance period in the 
whole group of subjects. Larger increases in hs-CRP were correlated with larger 
increases in body weight among the T-allele carriers of CRP rs1205 (β= 0.190, p= 
0.005), CC genotype of CRP rs1800947 (β= 0.174, p= 0.001), GG genotype of TNFA 
rs1800629 (β= 0.175, p= 0.003) and G-allele carriers of IL6 rs1800795 (β= 0.206, p 
<0.001). This correlaƟ on was not signifi cant for the other genotypes of these genes. 
We found no infl uence of TNFA rs361525 on the correlaƟ on between hs-CRP and 
body weight changes. 
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Table 7.4. Correlation between changes in hs-CRP and body weight during the weight maintenance 
period according to gene variations in infl ammatory genes

Gene variations Genotypes n Beta^ p

All subjects N/A 420 0.164 <0.001

CRP rs1205 C/C 188 0.138 0.061

C/T + T/T 232 0.175 0.007

CRP rs1800947 C/C 372 0.179 <0.001

G/C+G/G 48 0.066 0.651

TNFA rs1800629 G/G 312 0.175 0.002

G/A+A/A 108 0.118 0.222

TNFA rs361525 G/G 379 0.147 0.004

G/A+A/A 41 0.368 0.021

IL6 rs1800795 C/C 75 -0.002 0.985

G/C+G/G 345 0.211 <0.001

^Linear regression test with correction for age, gender and study center

VariaƟ ons in pro-infl ammatory genes also might infl uence the associaƟ on 
between self-reported protein intake and dietary GI and weight changes during the 
weight maintenance phase. In Table 7.5 it is shown that the posiƟ ve correlaƟ on 
between GI and changes in body weight during weight maintenance was signifi cant 
among those with the GG genotype (p=0.044) of TNFA rs1800629, but not in 
A-allele carriers (p=0.487) or any of the other genotypes. Percent protein intake was 
negaƟ vely correlated with changes of body weight only among those with the CC 
genotype of CRP rs1205 (p= 0.016), CC genotype of CRP rs1800947 (p=0.028) and 
the G-allele carriers of IL6 rs1800795 (p= 0.004). Among those with other genotypes 
percent protein intake was not correlated with the change in body weight (all p>0.05). 
There was no infl uence of the gene variaƟ ons in CRP, TNFA and IL6 on the interacƟ on 
between GI or protein intake with changes in hs-CRP (Supplementary Table 7.2).

Table 7.5. Correlation between GI or protein intake (% of total energy intake) with changes in body 
weight during the weight maintenance period based on gene variations in infl ammatory genes.

All subjects CRP 
rs1205

CRP 
rs1800947

TNFA rs1800629 TNFA rs361525 IL6 
rs1800795

(n=453) C/C (n=204) C/C (n=404) G/G (n=336) G/G (n=407) C/C (n=83)
Beta p Beta p Beta p Beta p Beta p Beta p

GI^ 0.080 0.148 -0.006 0.945 0.073 0.217 0.130 0.044 0.059 0.310 0.249 0.073

% protein* -0.106 0.045 -0.198 0.016 -0.125 0.028 -0.115 0.064 -0.096 0.084 0.085 0.498

C/T+T/T (n=249) G/C+G/G (n=49) G/A+A/A (n=117) G/A+A/A (n=46) G/C+G/G (n=370)

Beta p Beta p Beta p Beta p Beta p

GI^ 0.124 0.103 0.280 0.128 -0.081 0.487 0.348 0.122 0.063 0.308

% protein* -0.034 0.625 0.026 0.869 -0.058 0.587 -0.113 0.567 -0.172 0.004

^Linear regression test with correction for gender, center, BMI during randomization, protein and 
energy intake (mean week 4 and week 26 of weight maintenance phase); *Linear regression test 
with correction for gender, center, BMI during randomization, and GI (mean week 4 and week 26 of 
weight maintenance phase).
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DISCUSSION
Infl ammaƟ on has been suggested to play a role in weight regain following weight loss. 
Therefore we hypothesized that variaƟ ons in infl ammatory genes could infl uence 
variaƟ ons in weight regain aŌ er weight loss among individuals with overweight/
obesity. In this study, we showed that variaƟ on in infl ammatory genes was not 
directly associated with body weight at baseline and with weight changes during the 
weight loss or the weight maintenance period. However, variaƟ ons in infl ammatory 
genes infl uenced the interacƟ on between diet and weight regain. 

We found that individuals with the CC genotypes of the CRP gene (rs1205 
and rs1800947) had higher hs-CRP levels at baseline. This result is in line with an 
observaƟ onal study in Iceland [27] that showed that individuals with the dominant 
genotype of CRP rs1205 had higher hs-CRP levels than those with other genotypes. 
Rs1205 shows aŌ er gene expression as a G>A polymorphisms in the CRP mRNA, which 
is located at the 3’ untranslated region. Therefore, this region could be involved in 
the regulaƟ on of the RNA transcripƟ on process, and may aff ect RNA stability as well 
as translaƟ on and localizaƟ on [28]. It has been suggested that RNA produced by the 
A allele is less stable than that produced by the dominant G allele and this could 
explain the higher hs-CRP concentraƟ on in CC genotype of rs1205 and GG genotype 
of rs1800947) [27,29]. Hage et al [14] reviewed the eff ect of variaƟ on occurring 
at several locaƟ ons in the CRP gene, rs1205 and rs1800947, among others, on hs-
CRP concentraƟ on. Based on fi ndings from the literature, they suggested that the 
C allele of rs1205 and the G allele of rs1800947 were associated with higher hs-CRP 
concentraƟ ons [14]. These paƩ erns were also seen in this study at baseline.

Besides fi ndings showing that obesity is associated with increased 
infl ammaƟ on, it is also suggested that infl ammaƟ on plays a role in development 
of obesity. This theory is supported by reports showing that variaƟ ons in 
proinfl ammatory genes are associated with the risk of obesity [13,14, 30-32]. 
However, to our knowledge there are no previous reports indicaƟ ng that variaƟ ons in 
pro-infl ammatory genes are associated with weight loss or weight regain aŌ er weight 
loss. We found no direct associaƟ on between gene variaƟ ons in CRP, TNFA and IL6 
and body weight at baseline, weight loss and weight regain. However, we showed 
that the correlaƟ on between changes in hs-CRP and weight regain was infl uenced by 
variaƟ on in infl ammatory genes. In those with the CRP increasing allele genotypes of 
the CRP gene, CC for rs1205 and G/C+G/G for rs1800947, changes in hs-CRP were not 
correlated with changes in body weight.

VariaƟ ons in the TNFA gene might infl uence the correlaƟ on between GI and 
weight regain. In contrast to the report of the full DiOGenes trial where parƟ cipants 
randomized to the higher GI groups regained more weight than those in the low 
GI groups (Larsen et al [12]), we found that a higher GI of the diet, based on self-
report by means of dietary records, during weight maintenance was not correlated 
with more weight regain. This might due to several factors, including the use of less 
reliable self-report of the GI of diet, the observaƟ onal analysis, as well as smaller 
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number of subjects in the whole analysis (not all subjects fi lled in the dietary 
records and not all were genotyped). However, the genotype of TNFA rs1800629 
diff erenƟ ally aff ected this correlaƟ on. InteresƟ ngly, this genotype was also the one 
that infl uenced the correlaƟ on between changes in hs-CRP and weight regain. This 
might indicate that the infl uence of GI of the diet on weight regain is modulated by 
TNF-alpha concentraƟ ons. It was previously reported that a higher GI was associated 
with weight regain via up-regulaƟ on of infl ammaƟ on markers, including TNF-alpha 
[33]. Unfortunately, TNF-alpha concentraƟ ons were not measured in the DiOGenes 
trial.

We found a negaƟ ve correlaƟ on between percent protein intake during 
weight maintenance and body weight regain, as in the full DiOGenes trial (Larsen et al 
[12]). Gene variaƟ ons at CRP (rs1205 and rs1800947), and IL6 (rs1800795) infl uenced 
this correlaƟ on. Among those with the CC genotype of CRP rs1205, CC genotype of 
CRP rs1800947 and the GC+GG genotype of IL6 rs1800795, percent protein intake 
was signifi cantly negaƟ vely correlated with weight regain, in the other genotypes 
the negaƟ ve correlaƟ ons did not reach staƟ sƟ cal signifi cance. A recent publicaƟ on 
from the longitudinal Framingham Heart Study Off spring Cohort [34]. reported that a 
higher dietary protein intake was associated with a smaller increase in infl ammaƟ on. 
By contrast, in the DiOGenes study a high protein diet was not associated with 
changes in hs-CRP [4].  To our knowledge, this is the fi rst study that observes a role 
for variaƟ ons in pro-infl ammatory genes in the correlaƟ on between protein intake 
and weight regain following weight loss. Further studies are needed to evaluate the 
mechanism behind this eff ect. 

There were several limitaƟ ons to this study. Firstly, although the DiOGenes 
trial was a randomized controlled trial with 5 diff erent dietary groups, the reported 
analysis was done by merging all data and perform the analysis as an observaƟ onal 
study. Subjects were only separated based on genotype. This was due to the small 
number of subjects when subjects were divided into diet x genotype groups. 
Secondly, dietary intake was self-reported using food records which might infl uence 
the accuracy of data. Lastly, the number of subjects in a specifi c genotype group was 
limited. It is recommended for an observaƟ onal study to have at least 500 subjects 
per eff ect allele [35]. Thus, further study with a larger sample size is needed to 
confi rm the results of this analysis.

In summary, this study provides some preliminary evidence for the infl uence 
of variaƟ ons in infl ammatory genes on the interacƟ on between dietary intake, 
infl ammaƟ on and weight regain following weight loss. This fi nding supports the 
previous noƟ on that infl ammaƟ on plays a role in weight regain following weight loss. 
Gene variaƟ ons in CRP, TNFA and IL6 genes were not associated with body weight at 
baseline, weight loss and weight regain. However, these gene variaƟ ons infl uenced 
the correlaƟ on between protein intake and GI of the diet and weight regain following 
weight loss. Further study is needed to evaluate mechanisms on how protein and GI 
of the diet and variaƟ on of infl ammatory genes interact.
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Supplementary Table 7.1. Allelic distribution and HWE of all genotypes.

Gene Rs number Major Allele Minor Allele HWE p

CRP RS1205 C (n=1043) T (n=495) 0.56

CRP RS1800947 C (n=1450) G (n=88) 1.0

TNFA rs1800629 G (n=1306) A (n=232) 0.011

TNFA rs361525 G (n=1452) A (n=86) 1.0

IL6 rs1800795 G (n=929) C (n=609) 0.083

Supplementary Table 7.2. Correlation between GI and protein intake (% of total energy intake) with 
changes in hs-CRP concentration during the weight maintenance period based on variations in pro-
infl ammatory genes.

All subjects CRP rs1205 CRP rs1800947 TNFA 
rs1800629

TNFA 
rs361525

IL6 rs1800795

(n=0.420) C/C (n=204) C/C (n=404) G/G (n=336) G/G (n=407) C/C (n=83)

β p β p β p β p β p β p

GI^ 0.099 0.100 0.028 0.723 0.069 0.240 0.019 0.768 0.027 0.633 0.007 0.963

% protein* -0.005 0.929 -0.066 0.389 -0.003 0.962 -0.029 0.621 -0.010 0.855 0.159 0.218

C/T+T/T (n=249) G/C+G/G (n=49) G/A+A/A 
(n=117)

G/A+A/A 
(n=46)

G/C+G/G 
(n=370)

β p β p β p β p β p

GI^ 0.054 0.482 -0.109 0.564 0.121 0.296 0.216 0.268 0.842 0.400

% protein* 0.045 0.517 -0.020 0.903 -0.047 0.635 0.059 0.733 -0.029 0.612

^Linear regression test with correction for age, sex, center, BMI during randomization, protein and energy intake (DI 
mean week 4 – week 26); *Linear regression test with correction for age, sex, center, BMI during randomization, and 
GI (DI mean week 4 – week 26).
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Infl ammaƟ on might play a part in body weight regulaƟ on. Previous studies showed 
that circulaƟ ng infl ammatory markers [1,2], infl ammatory properƟ es of the diet [3,4], 
and geneƟ c variaƟ on in infl ammatory markers [5-7] are associated with obesity. To 
date, it is not known whether the interacƟ on between infl ammaƟ on and obesity 
could also be targeted in the context of weight change during and aŌ er a weight loss 
program and whether diet might infl uence this associaƟ on. 

The general objecƟ ve of this thesis was to evaluate the infl uence of diet 
and infl ammatory gene variaƟ ons on infl ammaƟ on and body weight changes 
in obesity. The objecƟ ve was specifi ed into 4 aims: 1) To evaluate the associaƟ on 
of the infl ammatory properƟ es of the diet with weight regain aŌ er a weight loss 
program as well as with the risk for obesity in a populaƟ on-based study; 2) To 
develop a new low calorie dietary regime with low infl ammatory property for weight 
loss and evaluate the associaƟ on between the infl ammatory properƟ es of the diet 
and weight regain; 3) To examine the infl uence of infl ammatory gene variaƟ ons on 
the associaƟ on between obesity and infl ammaƟ on; 4) To evaluate the interacƟ on 
between infl ammatory gene variaƟ ons and diet composiƟ on and its eff ect on weight 
regain aŌ er weight loss.

THE EFFECT OF DIET ON INFLAMMATION AND BODY WEIGHT: AN OBSERVATIONAL ANALYSIS
The habitual dietary paƩ ern aff ects circulaƟ ng infl ammatory markers in adults [8]. 
The Dietary Infl ammatory Index (DII) has been developed to assess the infl ammatory 
properƟ es of the diet by calculaƟ on of intake of nutrient and non-nutrient 
components of the diet [9]. The score on this index has been shown to be associated 
with systemic infl ammaƟ on [10–12] as well as weight gain and obesity [13,14].

We invesƟ gated the associaƟ on between DII, adiposity, and lepƟ n 
concentraƟ on among Indonesian adults in a cross-secƟ onal manner. As presented in 
Chapter 2 we found that the DII score was not correlated with any of the adiposity 
measures. Several reasons might explain this negaƟ ve result. First, there was a lack 
of DII components compared to the Global Diet (as reported by Shivappa et al) due 
to limited nutrients data on found abundantly in Indonesian foods. Second, there 
could be some data quality issues including accuracy of dietary assessment using a 
semi-quanƟ taƟ ve food frequency quesƟ onnaire. Lastly, other factors that were not 
measured in this study also contribute to body mass index and obesity status.

InteresƟ ngly, we showed that the DII was posiƟ vely correlated with plasma 
lepƟ n concentraƟ on aŌ er correcƟ on for age, sex and BMI, energy intake, and physical 
acƟ vity. LepƟ n is produced by adipocytes with an ability to induce producƟ on of 
infl ammaƟ on markers such as which TNF-alpha and IL-6 [15,16]. The concentraƟ on 
of lepƟ n increases as adiposity increases [17] and lepƟ n has been proposed as a 
key link between obesity, infl ammaƟ on and metabolic diseases. This is supported by 
several studies, which showed that a higher lepƟ n concentraƟ on was associated with 
increased risk for cardiovascular diseases [18,19]. Although in our cross-secƟ onal 
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study we showed that DII was not associated with adiposity, the posiƟ ve correlaƟ on 
between DII and lepƟ n indicated that here may be a connecƟ on between diet and 
infl ammaƟ on, which might impose a risk of weight gain and/or cardiovascular 
diseases later in life.

We further invesƟ gated the eff ect of the infl ammatory properƟ es of diet on 
weight regain following weight loss among Dutch adults with obesity (Chapter 3). 
In this study we showed that the DII was posiƟ vely correlated with weight regain, 
suggesƟ ng that infl ammaƟ on may play a role in the regulaƟ on of body weight 
aŌ er weight loss. AddiƟ onally, we also showed that the intake of several individual 
micronutrients with anƟ -infl ammatory properƟ es, such as magnesium, folate, 
and ribofl avin, were negaƟ vely correlated with weight regain. However, results 
from this study should be interpreted with cauƟ on. Since the analysis was done 
in an observaƟ onal manner, no cause-eff ect relaƟ onship can be derived from this 
correlaƟ on. 

Results from those 2 studies support the noƟ on that infl ammatory properƟ es 
of diet might have a role in weight regulaƟ on, and possibly through regulaƟ on of 
infl ammatory markers in the circulaƟ on as well as in adipose Ɵ ssue (as marked by 
lepƟ n concentraƟ on). In addiƟ on, results from these studies provide a pracƟ cal 
implicaƟ on to reduce the infl ammatory properƟ es of diet among individuals in the 
study populaƟ on. This includes several key components of DII which infl uence weight 
gain such as magnesium, folate, and ribofl avin. Those nutrients are rich in vegetables, 
nuts, and seeds. 

The informaƟ on generated at Chapter 2 and Chapter 3 provides some 
evidence that diet can infl uence infl ammaƟ on as well as weight gain aŌ er weight loss, 
which might be interconnected. Those studies also provide us with key components 
to focus on regarding dietary modifi caƟ ons which might infl uence infl ammaƟ on 
which includes increasing intake of fruits and vegetables, white meat, and legumes 
and reducƟ on of red meat and processed foods. To test the hypothesis that the 
infl ammatory properƟ es of the diet play a role in weight management, a new dietary 
regimen for weight loss needs to be developed to reduce the infl ammatory properƟ es 
of the diet and thus infl uence the infl ammatory response to weight loss, which might 
also be benefi cial to prevent weight regain aŌ er weight loss.

THE EFFECT OF DIET ON INFLAMMATION AND BODY WEIGHT: AN INTERVENTION STUDY
To further invesƟ gate whether the infl ammatory markers had an infl uence on weight 
loss, we developed a new low-calorie diet, called low calorie low infl ammatory diet 
(LCID). The main objecƟ ve of the study presented in Chapter 4 was to invesƟ gate 
the eff ect of weight loss on diff erent infl ammatory markers and whether this eff ect 
is modifi able by diet (LCID) in adults with obesity. We hypothesized that when 
reducƟ on of infl ammaƟ on by dietary modifi caƟ on can have infl uence on weight loss, 
this can prove that indeed, infl ammaƟ on aff ects weight loss. 
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We found that aŌ er 8 weeks of the weight loss program there was an increase 
in plasma TNF-alpha and IL-6 concentraƟ ons. Subjects in the LCID group had a 
greater reducƟ on in hs-CRP at the end of the intervenƟ on compared to those in the 
convenƟ onal low-calorie diet (LCD) group, but no diff erences were seen in changes 
of TNF-alpha and IL-6 concentraƟ ons between groups. The LCID induced reducƟ ons 
in body weight, body fat, and metabolic syndrome parameters without signifi cant 
diff erence compared to LCD. 

The controversies around the infl uence of weight loss on changes in 
infl ammaƟ on markers have been reported before [20-27]. We showed that the 
hs-CRP concentraƟ on was on average not aff ected in the total group, but that 
it was reduced in the LCID group compared to the LCD group. By contrast, no 
group diff erence was found for the changes in TNF-alpha and IL-6. TNF-alpha and 
IL-6 are markers of adipose Ɵ ssue infl ammaƟ on while hs-CRP is a marker of liver 
infl ammaƟ on [28,29]. Thus, it is speculated that the weight loss-induced increase in 
the infl ammatory status of the adipose Ɵ ssue is not sensiƟ ve to short term changes 
in the infl ammatory properƟ es of the diet. By contrast, the liver remains responsive 
to the dietary composiƟ on under the condiƟ ons of energy restricƟ on.

The study in chapter 4 also shows that there is a challenge in opƟ mizing the 
compliance to a weight loss diet that is being delivered to Indonesian adults with 
obesity. The adherence to the LCD and LCID regime was relaƟ vely low and this resulted 
in a small weight loss. During the personal meeƟ ngs with the nutriƟ onist, dietary 
recommendaƟ ons were given by explaining the principles of the diet and providing 
a one-day meal plan that could be followed by the parƟ cipant. Moreover, diff erent 
from LCD which focused solely on reducing energy intake, LCID focused in addiƟ on on 
changing the dietary paƩ ern. Crucial components such as eaƟ ng vegetables in every 
main meal, increasing fi sh intake, and using oil with less saturated fat (i.e. olive oil) 
are hard to achieve in Indonesia and there was a signifi cant variability in compliance 
among subjects. Despite the fact that 2-weekly meeƟ ngs with nutriƟ onists were 
included in the intervenƟ on, further eff ort is needed to improve compliance to 
prescribed dietary intake by incorporaƟ ng behaviour change techniques. 

The DII was used to esƟ mate the infl ammatory property of the diet in 
chapters 2 and 3, but no longer used in the subsequent chapters. There are several 
reasons for this. First, the DII was developed for use in observaƟ onal studies and 
relies on self-reported data. This technique is known to have a quesƟ onable validity 
and reliability for measurement of dietary intake [30]. Second, the DII is highly 
dependent on energy intake. As chapter 4 evaluated the impact of calorie-restricted 
diets, the DII values changed and became incoherent. Third, there was a lack of DII 
components compared to the Global Diet due to limited nutrient data for Indonesian 
foods. For instance, we did not have complete data of several faƩ y acids (i.e. omega 
3 and omega 6) in some Indonesian foods.   This might infl uence the accuracy of DII 
calculaƟ on. Lastly, there are some unseƩ led controversies whether certain nutrients 
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are pro-infl ammatory or anƟ -infl ammatory. In the DII list, vitamin B12 is regarded as 
proinfl ammatory but several studies have reported that vitamin B12 is conversely 
associated with infl ammaƟ on [31,32]. In addiƟ on, DII acknowledges alcohol as an 
anƟ -infl ammatory component, but the infl uence of alcohol intake on infl ammaƟ on 
is controversial. While a moderate intake of alcohol is associated with a reducƟ on of 
infl ammaƟ on [33,34], heavy alcohol intake is associated with increased infl ammaƟ on 
[34]. This suggests that the correlaƟ on between alcohol intake and infl ammaƟ on is 
U-shaped rather than linear, as assumed in DII. 

The impact of LCID on weight loss and infl ammaƟ on markers was evaluated 
and presented in Chapter 4.  Despite the reducƟ on of body weight due to dietary 
modifi caƟ on, changes in dietary intake were not strong enough to infl uence weight 
regain aŌ er weight loss. This analysis suff ered from loss to follow up. This was due 
to several issues including: 1) loss of engagement in study parƟ cipants, nutriƟ onists 
and the research team; 2) follow-up was not pre-planned: the study was off ered 
as a weight loss program, thus parƟ cipants lost their interest once weight loss was 
achieved; 3) no direct fi nancial incenƟ ve for parƟ cipants aŌ er fi nishing the weight 
loss protocol; 4) some parƟ cipants had a hard Ɵ me reducing weight, so they hesitated 
to be remeasured. InnovaƟ ons to increase moƟ vaƟ on of study parƟ cipants during a 
weight loss program and weight maintenance are necessary. The use of technology 
such as social media or mobile applicaƟ ons might help tackle this issue. CreaƟ ng 
a supporƟ ve community might be necessary to prevent drop-out and improve 
engagement of study parƟ cipants.

THE INFLUENCE OF DIET ON GENOMIC HEALTH
In addiƟ on, to evaluate the infl uence of LCD or LCID on infl ammaƟ on markers and 
weight changes during weight loss, we also evaluated whether LCD or LCID were 
associated with markers of genomic health such as relaƟ ve telomere length (RTL) 
and mitochondrial DNA copy number (mtDNA-CN). The reason for this analysis was 
that both RTL and mtDNA-CN are altered by chronic infl ammaƟ on [35-37]. Increased 
infl ammaƟ on induces shortening of RTL and reducƟ on of mtDNA-CN [35-38] which 
are regarded as markers of aging. InteresƟ ngly, these markers of genomic health are 
associated with weight gain in adults [39]. In this study (Chapter 5), we showed that 
weight loss was associated with elongaƟ on of RTL but had no infl uence on mtDNA-
CN. In addiƟ on, we also showed that those in the LCID group had a greater elongaƟ on 
of RTL compared to those in the LCD group. This analysis showed that modifi caƟ on 
of dietary composiƟ on during a weight loss program could improve health beyond 
infl ammaƟ on, by improvement of genomic health. Since telomere shortening may 
predispose individuals to age-related diseases and increased mortality, the slowing 
down of this process by diet can help protect from degeneraƟ ve diseases and 
improve wellbeing.
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THE INFLUENCE OF INFLAMMATORY GENE VARIATIONS ON THE INTERACTION BETWEEN BODY 
WEIGHT AND INFLAMMATION
Low-grade systemic infl ammaƟ on is induced by several factors including 
environmental exposures (diet, physical acƟ vity, pollutants) and geneƟ c background 
[38]. There is evidence that variants of infl ammaƟ on-related genes infl uence the 
interacƟ ons between adiposity and infl ammaƟ on. For example, Eiriksdoƫ  r et al. 
[40] reported that variants of the CRP gene modulate the relaƟ onship between 
body mass index and high-sensiƟ ve C reacƟ ve protein (hs-CRP). This was supported 
by other studies [41,42] showing the role of variaƟ ons at the CRP gene on the 
interacƟ on between obesity and hs-CRP. The objecƟ ve of Chapter 6 was to invesƟ gate 
associaƟ ons between SNPs at TNFA, CRP, and IL6 and measures of adiposity, as well 
as the correlaƟ on between adiposity and hs-CRP among adults living in Northeast 
England. 

In this analysis we report that variaƟ on in TNFA (rs1800629) was associated 
with adiposity, but variaƟ ons in CRP (rs1800947, rs1205) and IL6 (rs1800795) were 
not. We also reported that variaƟ on in pro-infl ammatory genes plays a role in the 
interacƟ on between adiposity measures and hs-CRP. Among subjects with the GG 
genotype of TNFA (rs1800629), CG+GG genotype of IL6 (rs1800795), GG genotype 
in CRP (rs1800947) and CT+TT genotype of CRP (rs1205), the correlaƟ on between 
adiposity measures and hs-CRP was signifi cant.

To further confi rm the infl uence of infl ammatory gene variaƟ ons on the 
correlaƟ on between hs-CRP and body weight, an analysis was performed among 
individuals who undertook a weight loss program in the DiOGenes Study (Chapter 
7). Similarly, we evaluated the infl uence of gene variaƟ ons in TNFA, CRP and IL6 on 
the correlaƟ on between changes in body weight and hs-CRP concentraƟ on during 
the weight maintenance period. In this study, we showed that among those with the 
CT+TT genotype of CRP (rs1205), CC genotype of CRP (rs1800947), GG genotype of 
TNFA (rs1800629), and CG+GG genotype of IL6 (rs1800795) changes in body weight 
were posiƟ vely correlated with hs-CRP during the weight maintenance period. These 
data confi rm the observaƟ onal study in Northeast England which showed that 
variaƟ ons in CRP, TNFA and IL6 genes infl uence the correlaƟ on between body weight 
and hs-CRP.

THE INFLUENCE OF INFLAMMATORY GENE VARIATIONS ON THE INTERACTION BETWEEN DIET 
AND WEIGHT REGAIN FOLLOWING WEIGHT LOSS
In Chapter 7, we invesƟ gated the interacƟ on between infl ammatory gene variaƟ ons, 
diet and weight gain aŌ er weight loss in DiOGenes Study. This was to examine the 
hypothesis that infl ammatory genes play a role in the regulaƟ on of body weight by 
aff ecƟ ng the correlaƟ on between diet and weight gain. In this study we showed that 
variaƟ ons in infl ammaƟ on genes were not directly associated with body weight at 
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baseline and with weight changes during the weight loss or the weight maintenance 
period. However, these variaƟ ons infl uenced the interacƟ on between diet and 
weight regain. Among those with the CC genotype of CRP rs1205, CC genotype of 
CRP rs1800947, and the GC+GG genotype of IL6 rs1800795, percent protein intake 
was negaƟ vely correlated with weight regain, in the other genotypes the negaƟ ve 
correlaƟ ons did not reach staƟ sƟ cal signifi cance. In contrast, the correlaƟ on between 
GI and changes in body weight during weight maintenance was signifi cant among 
those with the GG genotype of TNFA rs1800629 but not in those with the GA+AA 
genotype. These fi ndings show that the individual weight responses to a specifi c 
diet composiƟ on diff er and that variaƟ ons in infl ammaƟ on genes might be involved 
in this variaƟ on. Findings from this study could, if replicated, perhaps be used in 
a clinical seƫ  ng to improve dietary treatment by matching with an individual’s 
geneƟ c background. By matching dietary recommendaƟ ons with individual geneƟ c 
background, we could personalize dietary advice to opƟ mise results.

STUDY LIMITATIONS
There were several limitaƟ ons in this study. First, the analysis of the infl uence of 
infl ammatory properƟ es of diet on adiposity and weight gain was done as an 
observaƟ onal study. Thus, no cause-eff ect relaƟ on could be derived from those 
studies. Second, an eff ort to reduce infl ammaƟ on by dietary modifi caƟ on was done 
in an intervenƟ on study. However, such an aƩ empt has limitaƟ ons due to a relaƟ vely 
short research period, small diff erences in dietary paƩ erns between intervenƟ on 
and control groups, as well as the diffi  culty to comply with the LCID regime. Lastly, 
analysis on the infl uence of infl ammatory genes variaƟ on on adiposity and weight 
gain was done in an observaƟ onal manner. 

Further studies are required to clarify fi ndings from this study. A randomized 
controlled trial with a suffi  cient number of subjects is needed to test whether 
variaƟ on on infl ammatory genes could infl uence the eff ect of high protein/GI or 
low protein diet/GI on weight regain. In addiƟ on, a longer intervenƟ on duraƟ on is 
needed to evaluate the impact of LCID during a low-calorie diet intervenƟ on and 
its follow-up. Compliance with dietary recommendaƟ ons is an issue and this might 
be so because of the current model of dietary pracƟ ce in Indonesia, where clients 
receive all dietary instrucƟ ons at the same Ɵ me and have to integrate them with 
their daily lifestyle. The future dietary intervenƟ on might take benefi t from mobile 
applicaƟ ons that integrate daily recommendaƟ ons with virtual lifestyle coaching. By 
using mobile technology, the dietary recommendaƟ ons can be delivered one at a 
Ɵ me with a pace adjusted by clients, not the other way around. In addiƟ on, this 
technology also allows more personalized and real-Ɵ me consultaƟ on as problems 
with diet occur. 
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All in all, the data presented in this thesis support the hypothesis that 
infl ammaƟ on plays a role in the regulaƟ on of body weight. We showed that dietary 
factors associated with infl ammaƟ on could infl uence weight regain following weight 
loss. We also reported that pro-infl ammatory gene variaƟ on was associated with 
body weight. In this thesis, we indicated that there was an interacƟ on between diet 
and gene on the associaƟ on between infl ammaƟ on and body weight. 

CONCLUSION
In summary, we showed that the infl ammaƟ on property of the diet is associated 
with adipose Ɵ ssue infl ammaƟ on, marked by lepƟ n concentraƟ on, and parƟ ally 
explains variaƟ ons in weight regain following weight loss. The modifi caƟ on of 
a low-calorie diet to reduce infl ammaƟ on (LCID) in the short term lowers hs-CRP, 
but does not infl uence changes in TNF-alpha, IL-6, or weight loss. The LCID was 
also not associated with weight regain aŌ er weight loss. However, the LCID had 
a posiƟ ve impact on improving genomic health by elongaƟ on of RTL. We showed 
that gene variaƟ ons in infl ammatory genes such as CRP, TNFA, and IL6 infl uenced 
the correlaƟ on between obesity and infl ammaƟ on. VariaƟ on in these genes also 
infl uenced the correlaƟ on between diet composiƟ on, e.g. protein and glycemic index 
of diet, and weight regain following weight loss.
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IMPACT
A low-calorie diet has been a long-standing pracƟ ce among nutriƟ onists and dieƟ cians 
as a core component of a weight loss program. The concept is when our diet provides 
less energy than needed, our body will start to break down fat to fulfi ll the energy 
demand. With regards to calorie counƟ ng, several methods have been developed in 
several decades such as calorie restricƟ on (reducing 300 kcal/day), a low-calorie diet 
(1500 kcal/day), and a very low-calorie diet (800 kcal/day). However, these methods 
also showed that the piƞ all of an energy defi cit diet is the tendency to weight regain 
aŌ er weight loss is achieved. 

Study Objectives and Conclusion
ScienƟ fi c fi ndings in recent years have indicated that there are several mechanism 
that lead to weight regain, one of them is infl ammaƟ on. Infl ammaƟ on is a signal 
produced by cells in our body that has an infl uence on the behaviour of other cells, 
including immune cells. TradiƟ onally, infl ammaƟ on is seen as immune reacƟ on to 
pathogen infecƟ on. However, in recent years it has become evident that infl ammaƟ on 
also has an infl uence on other elements of human physiology including energy and 
substrate metabolism. The impact of infl ammaƟ on on metabolism might explain its 
role in the mechanism of weight regain following weight loss. 

The main objecƟ ve of this research is to invesƟ gate whether infl ammaƟ on 
play a role in body weight regulaƟ on based on populaƟ on and intervenƟ on studies. 
In this thesis, we support other evidence that infl ammaƟ on plays a role in body 
weight regulaƟ on. Infl ammaƟ on can be triggered by several factors including diet 
and geneƟ cs. In a weight loss program conducted in The Netherlands, we showed 
that when dietary intake was more likely to increase infl ammaƟ on, individuals were 
more likely to gain weight following weight loss. We further created a new dietary 
regime for weight loss with the aim not only to reduce calorie intake but also to 
reduce infl ammaƟ on, a low calorie-low infl ammatory diet (LCID). Although we 
showed that the new diet may reduce infl ammaƟ on over a short period of Ɵ me, this 
diet did not signifi cantly improve body weight loss compared to the convenƟ onal 
low-calorie diet. 

Because diet is not the only factor that triggers infl ammaƟ on, we further 
evaluated whether geneƟ c variaƟ on might play a role in the interacƟ on between diet 
and weight gain. In this study, we showed that the individual response to a diet was 
infl uenced by variaƟ ons in selected pro-infl ammatory genes. These genes encode 
proteins that are direct pro-infl ammatory signals. The weight regain response to 
a high protein diet or a low glycemic index diet, which were previously shown to 
reduce weight regain, was diff erent according to geneƟ c variaƟ on.
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Potential Scientifi c Contribution
There are several main messages to society that can be obtained by the studies in this 
dissertaƟ on. First, dietary modifi caƟ on to reduce calorie intake and infl ammaƟ on is 
possible by not only focusing on reducƟ on of the amount of food consumed but 
also on improved dietary habits. This can be done by selecƟ ng foods that are high 
in nutrients such as vitamins (vitamin A, B, C, and E) and minerals (magnesium, zinc, 
selenium), which are anƟ -infl ammatory, and reducing consumpƟ on of foods that 
have pro-infl ammatory properƟ es (such as energy-dense, high saturated and trans 
fat foods). Such eff orts have been successfully reported in the Mediterranean diet.

Second, if reproducible, this fi nding can be further developed into a personalized 
nutriƟ on approach for weight management. Despite controversies among academia, 
dietary recommendaƟ ons based on gene variaƟ ons are currently being developed 
in real-world setting by several tech start-ups. There are “personalized nutriƟ on” 
services that integrate data of gene variaƟ ons in dieteƟ c consultaƟ on or nutriƟ onal 
services. InternaƟ onal tech company such as Nutrigenomix, DNAfi t, DNAnudge, and 
Gini have successfully developed their own nutrigeneƟ c approach for personalized 
nutriƟ on. The rise of direct to costumer geneƟ c tesƟ ng, such as 23andme, may give 
personalized nutriƟ on a place in the future of dieteƟ cs. In Indonesia, there are 2 
providers of personalized nutriƟ on services based on geneƟ c variaƟ on, namely Kalbe 
Nutrigen-me and Prodia Nutrigenomics. While the services are available, scienƟ fi c 
studies are needed to expand our current knowledge on gene-diet interacƟ on as 
well as providing accurate informaƟ on regarding dietary recommendaƟ ons based on 
geneƟ c profi les.

The “personalized nutriƟ on” approach using geneƟ c informaƟ on raises some 
social challenges. It has been criƟ cized that current markeƟ ng strategies seem to 
overpromise the result of personalized nutriƟ on to their clients. On the other side, 
the area of service seems to lack regulaƟ on at the naƟ onal and internaƟ onal level. 
Further acƟ on is needed by governments, academics and industry in the regulaƟ on 
and commercializaƟ on of personalized nutriƟ on.

Target Audience of The Scientifi c Findings
Obesity is global health problem that costs millions of dollars for treatment as well 
as treatment of diseases related to obesity. This research aimed to contribute to 
alleviaƟ ng this problem by development of a weight loss program using a diff erent 
approach, by dietary modifi caƟ on and geneƟ c analysis. Results from this study can 
be used by those who work in the health sector as well as wellness industry. This 
study focused on one of the most challenging problems facing obesity treatment, 
namely the weight regain following weight loss. 

DieƟ Ɵ ans and nutriƟ onists are two major target audiences for this study. 
We provided informaƟ on on modifi caƟ on of the diet during a weight loss program. 
This included the role of infl ammaƟ on on weight regain and how an individual can 
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response diff erently due to its geneƟ c background. This informaƟ on is aimed to 
educate pracƟ Ɵ oners in the health and wellness industry to not only focus on reducing 
calorie intake but also to improve the diet quality. Fellow scienƟ sts working in the 
areas of nutriƟ on and nutrigeneƟ cs all around the world are also target audience 
of this study. It is hoped that results from this study can be used as a basis for the 
development of methods to reduce infl ammaƟ on during a weight loss program. 

Activities for Result Dissemination
The main outlet of this research is the scienƟ fi c publicaƟ on of the studies that are 
currently done within this thesis. This will provide scienƟ fi c insight on how the 
studies were conducted and conclusions that were generated and their strengths 
and limitaƟ ons. Results from this study has been presented at several conferences 
including Asia Pacifi c Nutrigenomic and NutrigeneƟ c Conference (China, 2020), 
NuGO Week (United Kingdom, 2018), Dutch NutriƟ on Science Day (The Netherlands, 
2018), European Conference on Obesity (Austria, 2018). I also wrote a book with Ɵ tle 
“Diet Mediterania: Teori dan Aplikasi Bagi Masyarakat Indonesia” or “Mediterranean 
diet: Theory and ApplicaƟ on for Indonesians”. The book is a guide on how to adapt 
Mediterranean diet principle to Indonesians. The Mediterranean diet itself has been 
an important insight with respect to the dietary approach to reduce infl ammaƟ on 
which inspired the development of the low-calorie-low-infl ammatory diet.

In addiƟ on to the book and journals, I also plan to create a 10 minutes 
educaƟ on video for 3 topics : 1) the infl uence of dietary habits on infl ammaƟ on; 2) 
the importance of keeping infl ammatory low when dieƟ ng; and 3) individual response 
to diet based on gene variaƟ ons. The video will be an animated version of this thesis 
and made in English and will be broadcasted my YouTube page “Gizi Gama”. By doing 
this, I can provide informaƟ on from this research freely to the public, pracƟ Ɵ oners in 
the health and wellness industry, as well as fellow academics.
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