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Abstract
Obesity is a systemic disease, associated with an increased risk of cardiovascular disorders, type 2 diabetes, cancer, asthma, and
osteoarthritis. Overweight and obesity have been suggested to be associated with periodontitis as published in studies and
narrative summaries. Obesity and periodontal diseases are very prevalent in the world, and both can lead to severe chronic health
conditions and impair people’s life quality. Knowledge of how immune mechanisms and inflammatory responses are regulated is
critical for understanding the pathogenesis of complex diseases, such as periodontitis. In conditions of overweight, it has been
demonstrated that approximately 70–80% of individuals present an adipose tissue turnover that is both structurally and functionally causing of the systemic inflammatory reaction. The objective of this review is to explore the influence of
lipoinflammation. The effects of lipoinflammation and obesity on development of periodontal disease are reported together with
the exploration of the mechanisms of interaction between these two diseases.
Keywords Adipose tissue . Inflammation . Bone remodeling . Periodontal disease . Receptor activator of nuclear factor-kappaB
ligand

Introduction
Obesity is a systemic disease characterized by a fundamental
imbalance between the intake of calories/energy and their
consumption [1]. In recent decades, there has been an increasing prevalence of obesity with 2.1 billion people classified as
overweight or obese in 2013 [2]. Obesity is associated with an
increased risk of cardiovascular disease, type 2 diabetes, cancer, asthma, and osteoarthritis [3]. Epidemiological studies
have also highlighted the relationship between general bone
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and periodontal diseases and obesity [4, 5], probably mediated
by lipoinflammation, indicating that obesity is second only to
smoking as a risk factor for the perturbation of inflammatory
periodontal tissues [6].
Lipoinflammation is a relatively new word, and it has recently been reported to be involved also in a part of pathogenesis of obesity-induced non-alcoholic fatty liver disease
(NAFLD) [7]. Adipose tissue is a metabolically active endocrine tissue whose functions include the following: (I) the
maintenance of the energy balance; (II) thermoregulation;
(III) the metabolism of lipids and glucose; (IV) modulation
of hormonal and reproductive function; and regulation of (V)
blood pressure and of (VI) blood coagulation. In addition, it
plays a fundamental role on inflammatory, antifibrinolytic,
and vasoactive cascades, suggesting a possible influence on
the inflammatory process [8, 9]. In particular, in conditions of
overweight, it has been demonstrated that approximately 70–
80% of individuals present an adipose tissue turnover that is
both structurally and functionally causing of the systemic inflammatory reaction [10]. With the aim to clarify the relationship between adipose tissue inflammation and bone, the
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authors will treat the topic of the adipose tissue and its impact
on the inflammatory pathologies like periodontal disease.

Adipose Tissue and the “Lipoinflammation”
Concept
Adipose tissue is composed by adipocytes, preadipocytes, endothelial cells, pericytes, fibroblasts, mast cells, and immune
cells (macrophages and T lymphocytes). Its employ has autocrine, endocrine, and paracrine functions on the rest of the
organs through the secretion of a wide variety of enzymes,
growth factors, hormones, and cytokines, which induce the
activation of specific receptors localized on cell membranes,
cell proliferation, and differentiation functions. As known,
cytokines that are involved in modulating physiological responses in charge of adipose tissue are called adipocytokines
[9, 11], so leptin, adiponectin, and tumor necrosis factor alpha
(TNFα) are called some of the most important adipocytokines
[12, 13]. When there is a positive energy balance, the energy
surplus accumulates in the subcutaneous adipose tissue. This
is increasing due to hyperplasia, that is, from the proliferation
and differentiation of pre-adipocytes. When the subcutaneous
adipose tissue is unable to properly store excess energy or the
storage has been exceeded, visceral fat deposits increase,
which loses adipogenic capacity due to hypertrophy that is
characterized by increase in size of adipocytes. Therefore, in
conditions of obesity, the increase due to hyperplasia has been
associated with the dysregulation of adipose tissue that entails
a remodeling of its structure, and subsequent chronic inflammation starts involving inflammatory cell infiltration and activation of the cytokine network [14–16]. At the microscopic
level, obese adipose tissue exposed cells to stressful conditions, including hypoxia, oxidant stress, and endoplasmic reticulum stress (ER stress) (Fig. 1). Certain physiological and
pathological factors such as nutrient deprivation and lipids can
induce cell stress and disrupt ER homeostasis by promoting
unfolded protein overload. The perturbation/stress of the ER
compartment is defined as the accumulation of unfolded

Fig. 1 Schematic pattern of
inflammation correlated to
obesity

y

proteins in ER lumen that leads to the unfolded protein response (UPR) that is involved in the mediation of a cascade
of inflammatory responses. Probably, ER stress can directly
initiate inflammatory pathways such as pro-inflammatory
stimuli; i.e., TLR ligands and cytokines that result in a UPR
activation can further amplify inflammatory responses [17].
As described in Fig. 1, ER stress activates pro-inflammatory
pathways by two different ways:
(a) By the activation of ATF6 (activating transcription factor
6 is a protein involved in the unfolded protein response).
(b) By the interaction of IRE alpha (inositol-requiring enzyme 1 alpha).

All ways result in the activation of proinflammatory
factors (NF-κB) that results as an enhancement of the inflammatory reaction.
Many processes directly related to adipocyte hypertrophy
have been described. Studies in animals and also in humans
have shown that hypoxia (poorly oxygenated adipose tissue)
appears in the first stages of hypertrophic adipose tissue expansion. In these areas of adipose tissue, the secretion of proinflammatory adipocytokines such as macrophage migration
inhibitor factor (MIF), metalloproteinase matrix (MMP2 and
MMP9), interleukin 6 (IL-6), plasminogen activator inhibitor1 (PAI-1), and vascular endothelial growth (VEGF), has been
observed. In a parallel manner, the lower level of oxygenation
is linked to the apoptosis of the adipocytes that results as an
enhancement of the inflammatory reaction.

Obesity and Periodontal Disease
Adipose tissue inflammation is a major characteristic of dietinduced obesity and is a critical link between obesity and the
development of insulin resistance.
Periodontitis is an inflammatory disease that involves progressive reduction of alveolar bone around the teeth and can
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result in tooth loss. Several mechanisms have linked adipose
tissue accumulation and alveolar bone deterioration, including
(I) increased gingival oxidative stress [18], (II) adipocyte differentiation in detrimental osteoblast formation, (III) local
dysbiosis favoring periodontopathogens [19], (IV) local and/
or systemic increase of receptor activation of NF-kappaB ligand (RankL) [20], (V) release of proinflammatory cytokines
and adipokines [21], and (VI) the direct influence of bone
marrow–driven adipocytes on osteoclast formation via
RANKL cell-to-cell contact [22].
Increased body of evidence has highlighted a correlation between obesity and periodontal disease, as reported by 14 systematic reviews published between 2010 and 2014 [4, 5, 23–34].
Moreover, a recent meta-review by Suvan and coworkers
highlighted different levels of correlation, useful for clinical
application of the growing body of knowledge [35]. The results of meta-review underline how obese patients are more
prone to have a certain form of periodontitis than normal
weight patients (without any correlation with gender or age).
Moreover, there was found a linear proportionality between
weight and severity of periodontal disease. Secondly, the likelihood of onset and progression of periodontal disease appears
increased in overweight population. Conversely, there is still
no agreement in therapy response: indeed, five included reviews that reported no differences in clinical response to causal therapy; otherwise, one reported a scarcer response. A
cross-sectional study reported also the amount of correlation,
with a 1.45 of relative risk for obese population for attachment
loss [36]. As for other systemic pathologic condition such
linked to inflammation as cardiovascular disease, the correlation is bimodal once periodontal disease is present, and the
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burden of local infection and inflammation stimulates the hepatic response through the increase of dissemination of bacteria and their products together with cytokines and reactive
oxygen species [35]. The authors underline, however, that
the knowledge of this correlation is still lacking of elements
that may help the clinical management of these two chronic
conditions such as the exact odd and the role of the treatment
of one to the other.

Bone Fat and Skeletal Turnover
Adipose tissue is a metabolically active tissue with endocrine
effects. It produces cytokines and adipokines that may influence the activity of other tissues [37–39].
Many authors underlined the possible role of the adipose
tissue excess and skeletal turnover [40] that can be summarized in (I) endocrine and growth factors released by adipocyte
cells with a direct effect on osteoblast and osteoclast cells; (II)
adipokines (e.g., leptin and adiponectin) regulate central nervous system release of factors from the sympathetic nervous
system; and (III) paracrine factors secreted by adipocytes inside the blood circulation acting on monocyte recruitment
(Fig. 2). Of note, there are many controversial visions about
the effect of adiponectin on skeletal system; many authors
clarify the role of adiponectin that regulates bone turnover
acting on the stimulation of osteoclast compartment [41], promoting osteoblast cell proliferation and differentiation probably acting on RANKL expression at the same time by the
inhibition of osteoprotegerin expression. Meanwhile, other
authors like Qisheng et al. and Oshima et al. reported that

Fig. 2 Schematic pattern of monocyte recruitment induced by adipocyte-mediated cytokines
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adiponectin decreased osteoclasts while increasing osteoblasts
[42, 43]. Therefore, given this controversy in cell-type stimuli,
other in vitro and clinical studies are needed to clarify the
promoting function of adiponectin. In addition to adipocytes,
vascular endothelial cells, vascular smooth muscle cells, and
fat tissue are histologically characterized by adipose-derived
stem/stromal cells (ASCs). ASCs could differentiate into adult
adipocytes or, under the suitable stimuli, into pre-osteoblasts.
This common fate is controlled by a complex process that
includes many factors such as Runx2 (Runt-related
transcription factor 2) and osterix for osteoblast lineage and
PPAR2 (peroxisome proliferator-activated receptor 2) for adipocyte lineage and osteoclast lineage. Indeed, there are many
evidences that indicate PPAR2 as involved in osteoclast differentiation probably acting on the employment of the coactivator of (peroxisome proliferator activated receptor gamma 2)
PPARG2 known as PGC-1beta (peroxisome proliferatoractivated receptor gamma, coactivator 1 beta) factor that is
directly connected to the expression of RANKL (receptor activator of nuclear factor kappa-Β ligand). The negative correlation between marrow fat and bone mass could be due to
increasing levels of PPARG2 [44]. High levels of PPARG2
within the bone marrow are followed by a predominant differentiation of MSC into adipocytes with a potential lipotoxic
effect. A fascinating liaison is constituted by the release of
leptin (adipocyte made) and metabolic homoeostasis [45, 46]
that ultimately could have a reflection on the bone turnover.
Some authors [47] suggest that leptin acting on central nervous system, by the activity on the ventromedial hypothalamus, plays a role into the inhibition of bone mass [48] but it
seems to be related by a dose-dependent correlation [49].
When the metabolic homeostasis is altered for the pathological expansion of adipose tissue, the consequent adipocyte hypertrophy is associated with cell hypoxia and activation of cellular stress signaling including c-Jun N-terminal kinase (JNK),
nuclear factor-kappa B (NF-κB), and proteins related with
stress response [50–52]. These factors result in an overexpression of inflammatory cytokines that acting on inflammatory
macrophage colonize the adipose tissue activating a program
of inflammation of neighboring cells. Recent studies showed
that body fat accumulation increases bone resorption [53, 54]
probably acting on receptor activator of nuclear factor-kappaB
ligand (RANKL) pathway. Indeed, the high-fat diet is implicated in the control of some inflammatory genes, i.e., Tnsf1/
RANKL that represents a crossroad between immune feedback
and osteoclast recruitment finalized to bone remodeling.

and/or increased osteoclast formation caused by the overexpression in terms of proinflammatory cytokines, and/or excessive
leptin release, or downregulation of adiponectin expression,
and/or diminished calcium absorption associated with high-fat
consumption. Many authors indicate that adiponectin increases
osteoclast formation indirectly stimulating RANKL and
inhibiting OPG (osteoprotegerin) production in osteoblasts,
which may unfavorably affect bone metabolism, and contribute
to the negative effect of adiponectin on bone mineral density
(BMD) [41]. Adiponectin is mainly produced by adipocytes,
and its serum level production has found to be decreased in the
case of obesity [55]. A recent investigation evaluated the impact
of weight reduction on the adipokine, adiponectin, and TNF-α
levels in the crevicular fluid and on the periodontal health of
obese patients with and without periodontal disease [56]. The
patients were divided in three groups according to the periodontal status: (I) healthy; (II) gingivitis; (III) periodontitis. All the
patients enrolled underwent a weight loss program. Statistically
significant changes were observed in the plasma levels of
adiponectin and TNF α in all three groups before and after
weight reduction. The serum adiponectin levels showed an increase in the levels following weight reduction, whereas TNF α
levels decreased following weight reduction, confirming previous findings [55]. Madsen et al. reported that long-term weight
loss (3 years) must exceed 10% for achieving significant improvements in adiponectin levels [57]. A negative feedback
might explain the role of adiponectin: in obesity, serum
adiponectin is lower despite that adipose tissue is the only tissue
of its synthesis. Weight loss would result in at least transient
disinhibition, therefore an increase of plasma adiponectin. In
fact, a recent study has reported that the expression of
adipogenic genes was suppressed in the development of obesity
and diabetes in mice for a feedback inhibitory pathway [58].
Similarly, to periodontal disease correlation, a recent study
found association between adiponectin and rheumatoid arthritis. These two chronic diseases encounter a common inflammatory pathway. As such, the authors suggest an association between an excess of adipose tissue and the initiation of rheumatoid arthritis by the potential role of the adipose tissue as an
active endocrine organ that releases bioactive substances, such
as adiponectin [59]. However, both for periodontal disease and
rheumatoid arthritis, the scientific evidence is still limited.
Further prospective studies should be conducted with molecular
evaluation of serum and crevicular fluid to better understand the
role of this inflammatory cytokine in the modulation of periodontal disease.

Adiponectin and Bone Loss Related
to Periodontal Disease

Conclusions

The reduction of bone mass with obesity may be due to enhancement marrow adipogenesis at the detriment of osteoblasts,

The present study may help to elucidate the roles played by
lipoinflammation and obesity in biochemical trafficking inside inflamed periodontal tissues. These links could affect
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the clinical manifestation, progression, and prognosis of periodontal disease. Therefore, the oral care team should interact
with other medical professionals to better manage a tailored
treatment for the patients transferring the common pattern of
these two diseases. Further investigations are, however, still
needed mostly to understand the possible role of non-surgical
periodontal therapy in the obesity treatment and vice versa.
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