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15There is raising interest in the scientific community about the impact of body mass on different rheumatologic
16diseases. A growing body of evidence suggests that the effect of obesity on joint structure goes beyond the simply
17overload but is based on a complex interwinding of cytokines, hormones, growth factors, and intracellular regu-
18lators that at different stages can modify the course of a rheumatologic disease and the clinical response to
19biotherapies. In these settings, psoriatic arthritis (PsA) and rheumatoid arthritis (RA) have been the more exten-
20sively studied. Intriguing is the finding that the interaction between obesity and diseases seems different for PsA
21or RA. Concerning PsA, epidemiologic studies have provided robust data about the association between obesity
22and prevalence of psoriasis or PsA. Yet obesity is associatedwith an increase in degree of disability and poor clin-
23ical outcome on treatment with anti-tumor necrosis factor (TNF) drugs. Nevertheless, there are clues suggesting
24that weight reduction above 5% from baseline increases the probability of achieving a good clinical response in
25PsA patients on anti-TNF drugs. On the contrary, the epidemiological association between obesity and RA
26seems to be restricted to some categories of patientswith peculiar demographic and autoimmune status. Further-
27more, obesity definitely impairs the clinical response of RA patients to anti-TNF treatment, and this might be an
28effect limited to TNF-blocking agents, as preliminary studies are not confirming these findings for abatacept or
29tocilizumab. However, the most puzzling aspect of the impact of obesity on RA is that obese patients tend to
30have a more clinical active disease, an impaired response to biotherapies, and a less radiographically evident
31joint damage over time. The latter is a very stimulating issue and the knowledge of the underlying mechanisms
32should be an auspicious challenge for the researchers, whichwill provide further insights on the overall manage-
33ment of RA.
34© 2016 Published by Elsevier B.V.
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491. Introduction

50Obesity, defined as a body mass index (BMI, a ratio in which
51the weight in kilograms is divided by height in meters squared) above
5230 kg/m2, has become a public health emergency and its prevalence in
53the United States and in Western nations in general has greatly in-
54creased in the last years [1]. Obesity cannot be considered only as an
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55 overweight state with an enhanced fatty storage but as a very complex
56 condition that exerts biological stress on multiple tissues and systems,
57 including immune system [2]. Clinical and experimental evidence sup-
58 ports the hypothesis that obesity is a low-grade inflammatory condition
59 possibly linking rheumatic diseases to insulin resistance and atheroscle-
60 rotic cardiovascular diseases [3]. Thereby, high C-reactive protein levels
61 in obese subjects are an expression of an inflammatory state that is in-
62 duced by an increase in pro-inflammatory cytokines, such as monocyte
63 chemoattractant protein-1 (MCP-1), interleukin-8 (IL-8), IL-1, IL-6, and
64 tumor necrosis factor (TNF), being the visceral fat the main their main
65 source [4]. Indeed, the increase of pro-inflammatory cytokines in
66 obese subjects is directly related to a low-grade inflammation of adipose
67 tissue and it is due to the proliferation of fat macrophages that synthe-
68 size cytokines and stimulate adipocytes to secrete the so-called
69 “adipokines,” the cytokines of adipocytes [5]. Among several adipokines,
70 those more strictly correlating obesity to articular homeostasis are
71 mainly leptin, which exerts pro-inflammatory e pro-catabolic effects
72 and is found to increase in obesity [4], and adiponectin, which seems
73 to promote bone resorption via osteoclast activation [6] and is de-
74 creased in obese subjects [4]. The role played by the adipokines in the
75 pathophysiology of rheumatic diseases is currently under investigation,
76 but there are several hints suggesting their involvement in modulating
77 the course of diseases in obese patients affected with psoriatic arthritis
78 (PsA) and rheumatoid arthritis (RA). Here, we reviewed the epidemio-
79 logic association of obesity with PsA and RA, the effect of high BMI on
80 the disease course and activity, and the impact of obesity on clinical
81 outcomes.

82 1.1. Epidemiology of obesity in PsA and RA

83 A first step in understanding the relationships between obesity and
84 rheumatic diseases is the assessment of their epidemiology. In
85 European countries, the prevalence of obesity is estimated around
86 N10% of general population, psoriasis about 3%, and PsA roughly 1%.
87 Thereby, it would be likely that the association of obesity with PsA
88 might be casual. However, an Italian survey has shown that the preva-
89 lence of obesity in 511,532 individuals with incident diagnosis of psori-
90 asis was 5.6% with an odds ratio (OR) of 1.30 (95% CI = 1.10–1.53) in
91 comparison with healthy donors [7]. On the contrary, in a retrospective
92 analysis performed in South Korea, therewere no significant differences
93 in the metabolic status between normal control and psoriasis patients.
94 Also, therewas no significant difference in the clinical response to cyclo-
95 sporine between high BMI group and normal BMI group [8]. However, a
96 large prospective study carried out over 12 years on an incident cohort
97 of 121,700 US nurses has clearly demonstrated that a higher BMI and
98 weight gain are risk factors for psoriasis in older women [9]. Recently,
99 a novel cytokine, psoriasin, synthesized by keratinocytes, is selectively
100 increased in psoriatic subjects [10]. Psoriasis and PsA share pathogenic
101 pathways linking skin to joints [11]; thereby, it is conceivable that also
102 PsA is significantly associated with obesity. A cohort study, representa-
103 tive of general UK population, was conducted between 1995 and 2010,
104 and the exposure of interest was the first BMI measured after psoriasis
105 diagnosis and end points were incident cases of physician-diagnosed
106 PsA [12]. The authors estimated the adjusted risk ratio of PsA and of
107 75,395 individuals with psoriasis (43% male): 976 developed PsA, and
108 its incidence rate increased with increasing BMI [12]. Likewise, a large
109 prospective Nurses Health Study (NHS) has identified 146 incident
110 PsA cases during 1,231,693 person-years of follow-up, and BMI was
111 monotonically associated with an increased risk of new diagnosis of
112 PsA [13].
113 Also, for RA, a significant association between obesity and the devel-
114 opment of the disease has been demonstrated, and themostmeaningful
115 data come from national health programs. Interestingly, this association
116 seems to vary according with gender and autoimmunity and smoking
117 status either. In a national case–control study on 515 patients recently
118 diagnosed with RA, tobacco smoking was selectively associated with

119risk of anti-CCP-positive RA, whereas obesity was selectively associated
120with risk of anti-CCP-negative RA, with obese individuals being at more
121than 3-fold increased risk of this subtype compared with normal-
122weight individuals (OR = 3.45; 1.73–6.87) [14]. Similar findings have
123been reported by another case–control study on 2748 RA patients
124showing a strong association of high BMI N30/kg/m2with anti-CCP neg-
125ative RAwomen OR= 1.6; 1.2–2.2) [15]. Even larger was the longitudi-
126nal study on 109,896 women enrolled in NHS-I and 108,727 in NHS-II,
127showing that risks of seropositive and seronegative RA were elevated
128among overweight and obesewomen, particularly amongwomen diag-
129nosed with RA at earlier ages [16].

1301.2. Obesity and clinical outcomes in PsA

131The first data on the possible impact of obesity on clinical outcomes
132in patientswith psoriatic disease on biotherapy come fromdermatology
133grounds. Some studies have shown a poor skin response to TNF blockers
134in obese psoriatic patients [17–19], and that weight loss ameliorates the
135skin response in formerly obese psoriatic patients [18]. The influence of
136high BMI on clinical response is somewhat controversial. A cross-
137sectional study conducted on 135 patients with active peripheral
138PsA (45 obese, 47 overweight, and 43 normal-weight) treated with
139adalimumab, etanercept, or infliximab did not show significant differ-
140ence in rate of Disease Activity Score (DAS28) based remission among
141BMI classes, regardless of the TNF inhibitor prescribed [20]. In contrast,
142a prospective case–control study on 135 obese and 135 normal-weight
143PsA subjects has shown that BMI ≥ 30 kg/m2 is a negative predictor of
144achieving and maintaining a state of minimal disease activity (MDA)
145[21]; MDA was achieved by 98 (36.3%) of the 270 PsA individuals. The
146prevalence of obesity was higher in those that did not achieve MDA
147than in those that did (64.0% versus 25.5%; p b 0.001). After adjusting
148for demographic and clinical variables, obesity was associated with a
149higher risk of not achieving MDA (hazard ratio (HR) = 4.90, 95% confi-
150dence interval (95% CI) = 3.04–7.87). A Canadian group [22] echoed
151these findings. Of the 557 patients included in the study, 36.2% were
152classified as overweight and 35.4%were obese. A dose–response associ-
153ation was found between obesity and the probability of achieving
154sustained MDA in the multivariate regression analysis. Patients in
155the higher BMI categories were less likely to achieve sustained MDA
156compared those in the lowest BMI category (overweight: OR = 0.66,
157p = 0.003; obese: OR = 0.53, p b 0.0001) after adjusting for potential
158confounding variables. The fact that obesity may impair the clinical re-
159sponse to TNF inhibitors seems to be corroborated by the improvement
160of response upon weight loss [23]. Among subjects with PsA starting
161treatment with TNF blockers, 138 overweight/obese patients received
162a concomitant dietary intervention (69 a hypocaloric diet (HD) and 69
163a free-managed diet (FD)). At 6 months follow-up, MDA was more
164often achieved by HD than by FD subjects (HR = 1.85, 95% CI = 1.019
165to 3.345). For increasing weight-loss categories (b5%, 5–10%, N10%),
166MDA was achieved by 23.1%, 44.8%, and 59.5%, respectively. The rate
167of MDA achievement was found to be double in subjects with N10%
168(OR = 6.67, 95% CI = 2.41 to 18.41) than in those with 5–10% (OR =
1693.75, 95% CI = 1.36 to 10.36) weight loss.

1701.3. Obesity and clinical outcomes in RA

171The availability of predictive biomarkers may improve the efficiency
172of RA therapy [24]. Also, comorbid obesity may impact on RA course, al-
173though the association of high BMI and disease activity is controversial.
174Increased DAS28 in obese RA patients has been reported by some stud-
175ies [25] but not confirmed by others [26–28]. A longitudinal survey from
176Sweden has shown that obesity was associated with worse RA disease
177outcomes and a higher prevalence of comorbidities. As BMI and obesity
178were independently associated with higher disease activity, fewer pa-
179tients in sustained remission, higher HAQ score, more pain, and worse
180general health [29]. Despite the fact that RA in obese patients seems
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