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ABSTRACT
Objective: Obesity is characterized by a proinflammatory condition contributing to poor outcomes, but its association with au-
toimmunity is inconclusive. To fill this gap in knowledge, we searched PubMed and Embase for studies analyzing the association 
between obesity and the prevalence and/or incidence of autoimmune diseases.
Methods: Adjusted odds ratios (OR) or hazard ratios (HR) with 95% CI relating to the prevalence or incidence of autoimmune 
diseases in people with BMI > 30, compared to BMI < 25, were pooled using generic inverse variance and fixed effect models. Of 
1,311 records, 26 (8 cross-sectional and 18 longitudinal) studies were included in the meta-analysis.
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Results: Obesity, compared with normal weight, was associated with increased prevalence of rheumatoid arthritis and psoriasis 
(OR = 1.11 [1.06, 1.16], p < 0.00001; OR = 1.35 [1.14, 1.59], p = 0.0004, respectively) and increased risk of developing rheumatoid 
arthritis (HR = 1.30 [1.15, 1.49], p < 0.0001), psoriasis (HR = 1.18 [1.16, 1.20], p < 0.00001), multiple sclerosis (HR = 1.49 [1.25, 
1.77], p < 0.00001), and Crohn's/ulcerative colitis (HR = 1.35 [1.11, 1.65], p < 0.003). Obesity was also significantly associated with 
incidence of any autoimmune disease (HR = 1.41 [1.24, 1.62], p < 0.00001).
Conclusions: Although definitive conclusions are still precluded for the single diseases, overall evidence supports obesity as a 
risk factor for autoimmunity.

1   |   Introduction

The dramatic escalation of obesity, with a doubled world-
wide prevalence since 1990, represents one of the most seri-
ous contemporary medical challenges [1, 2] (World Health 
Organization, 2024). Similarly, autoimmune diseases have 
experienced a dramatic increase in terms of both prevalence 
and incidence, especially in more affluent countries [3, 4]. 
Autoimmunity represents a heterogeneous group of diseases 
in terms of involved organs and tissues, but it is consistently 
characterized by an aberrant immune response, driven by 
autoreactive T cells, autoantibodies, and innate immune sys-
tem dysregulation [5, 6]. Although the exact etiology remains 
unclear, autoimmune diseases are believed to result from a 
multifaceted interaction among genetic predisposition, con-
curring components such as sex, age, and previous viral in-
fections, and other environmental factors, such as pollution, 
lifestyle, chronic stress, and smoking [7–15].

Mechanistic observations suggest that obesity may also increase 
the risk of developing an autoimmune disease through the in-
duction of a chronic low-grade proinflammatory status, which, 
being marked by an imbalance between the immune suppressive 
(i.e., regulatory T and B lymphocytes) and the proinflammatory 
(e.g., Th1 and Th17 cells) arms, creates the perfect milieu for 
the development of an aberrant immune response against self-
antigens [16–21]. Moreover, obesity shares some key hallmarks 
with autoimmunity, such as dysregulated levels of cytokines 
and autoantibody production, as demonstrated in animal mod-
els and humans [22–24]. Several cohort studies actually suggest 
that obesity is associated with the prevalence or incidence of 
autoimmune diseases [25], which has led to hypothesizing a 
direct link between the immunological self-tolerance, which 
suppresses self-reactivity to avoid autoimmunity, and the nutri-
ent- and energy-sensing pathways dysregulated in people with 
obesity [26].

Nonetheless, any mechanistic hypothesis of a causal connection 
between obesity and autoimmunity still lacks strong clinical evi-
dence; indeed, while obesity is nowadays fully recognized as a risk 
factor for diseases such as hypertension, type 2 diabetes, cardio-
vascular diseases, and cancer [27, 28], the same does not hold true 
for autoimmunity. In particular, a comprehensive meta-analysis of 
the relevant epidemiological studies has never been performed, al-
though it would provide tremendous relevance for human health. 
For this reason, we have here conducted a systematic review of 
the literature to collect all the available data linking obesity to 
any autoimmunity-related endpoint and performed a quantitative 
meta-analysis to directly explore its association with the preva-
lence and/or the incidence of autoimmune diseases.

2   |   Methods

2.1   |   Literature Search and Study Selection

We first screened PubMed, Prospero, and Cochrane databases to 
search for possible systematic reviews on the topic, either pub-
lished or in preparation, finding no entries. Then, we searched 
relevant articles written only in English in Embase and PubMed 
with the following keywords: obesity, overweight, abdominal fat, 
body mass index (BMI), central adiposity, waist circumference, 
waist-to-hip ratio, autoimmunity, autoimmune, lupus, rheumatoid 
arthritis, multiple sclerosis, Graves' disease, Hashimoto's thyroid-
itis, psoriasis, Sjögren syndrome, coeliac disease, inflammatory 
bowel disease, myasthenia gravis, Addison's disease, scleroderma, 
vitiligo, alopecia areata, dermatomyositis, vasculitis, pernicious 
anemia, fibromyalgia. The search was limited to the temporal 
range 01/01/1945 to 31/03/2024. As an example of the search strat-
egy, the strings used in PubMed are attached as online Supporting 
Information Appendix S1. We decided not to include type 1 dia-
betes (T1D) as one of the diseases of interest since body weight 
and adiposity are inherently linked to the etiopathogenesis of this 
condition also independently of immune-related mechanisms [29]. 
In addition, given the usually very early onset of this disease, the 
population included in the studies would have been much younger 
than all the others. Thus, including T1D as an outcome could have 
introduced confounding factors, calling out for its exclusion from 
the study. We also decided not to include studies concerning peo-
ple with multiple autoimmune diseases since we wanted to eval-
uate the link between obesity and autoimmunity in a clear 1-to-1 
association, deriving results relevant for one specific autoimmune 
disease at a time. Four investigators (I.S., G. Mele, G.D.R., and C.F.) 
identified the eligible abstracts, and two of them (I.S. and G. Mele) 
independently reviewed the eligible abstracts to finalize the inclu-
sion list. Eligibility criteria for all studies were: 1-They report data 
relative to an association between BMI and any autoimmune dis-
ease prevalence or incidence, except for T1D; 2-They provide clear 
indication of the population included, individuals' characteristics, 
and endpoints. Exclusion criteria were: 1-Studies with unclear 
design, not reporting outcome estimates, or without available full 
text; 2-Studies from where it was not possible to extrapolate strat-
ified data to compare people with BMI > 30 with those with BMI 
< 25, e.g., providing estimates for the association between BMI 
and disease incidence/prevalence using only BMI as a continuous, 
and not categorical, variable or using measures of adiposity other 
than BMI; 3-Studies concerning pediatric individuals; 4-Studies 
evaluating individuals with multiple autoimmune diseases. The 
protocol is registered in Prospero with the accession number 
CRD42024529967. We followed the Meta-analysis of Observational 
Studies in Epidemiology (MOOSE) checklist to conduct this sys-
tematic review (reported in the online Supporting Information).
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2.2   |   Data Extraction and Quality Assessment 
of the Studies

All relevant data from the included studies were extracted by 
two independent reviewers (I.S. and G. Mele) using a prespec-
ified, standardized data extraction template in Microsoft Excel 
(Microsoft, Seattle, WA). The collected data are presented in 
Table  1. In cases of disagreement between the reviewers, the 
differences were resolved through consultation with two senior 
team members (F.P. and P.d.C.). Data were then checked for 
accuracy by another investigator (C.P.). Collected information 
was study type, number of patients in each group, age and sex 
of the enrolled patients, and severity of the disease. No mask-
ing procedure was adopted for either study selection or data 
extraction. Three authors (V.P., F.C., and R.L.G.) independently 
assessed the quality of included studies using the Risk Of Bias 
In Non-randomized Studies-of Interventions (ROBINS-I) tool. 
Discrepancies regarding the evaluation of selected items were 
resolved by a fourth author (F.P.).

2.3   |   Statistical Analysis

Upon collection of the published studies to be analyzed, we 
grouped the studies based on the specific autoimmune disease 
and then further on the type of study (either longitudinal or 
cross-sectional). For the quantitative meta-analysis, we used the 
generic inverse variance method to explore the effect of living 
with obesity, compared with normal weight (i.e., BMI > 30 ver-
sus BMI < 25), on autoimmune disease incidence or prevalence, 
starting from either collected odds ratios (ORs) or hazard ratios 
(HRs) with the relative confidence intervals (CIs). We opted to 
perform only this comparison to isolate the effect of established 
or “extreme” phenotypes, either pathological or healthy. Indeed, 
people in the overweight range, that is, those with BMI between 
25 and 30, are historically characterized by both beneficial and 
unfavorable outcomes when compared to lean people, with a 
highly context- and study design-dependent effect [30]. In de-
tail, ORs were used for cross-sectional studies and assessed the 
prevalence of autoimmune diseases in lean individuals and peo-
ple with obesity, providing a measure of the strength of asso-
ciation between the two variables (obesity and autoimmunity), 
with 1 for no association, above 1 for a positive, and below 1 for 
a negative association, without considering the time parameter. 
Differently, HRs were used for longitudinal studies on disease 
incidence and compared the hazards of developing an autoim-
mune disease over time in lean individuals and people with obe-
sity, with 1 for no divergence, and HRs different than 1 showing 
that the onset of autoimmunity is not occurring at an equal 
rate in the two compared groups. For those studies reporting 
HRs or ORs for multiple BMI strata, we calculated the relative 
HRs or ORs with 95% CIs by pooling adjusted data from all the 
strata above BMI of 30 through generic inverse variance, once it 
was established that the comparator group was BMI < 25 in all 
cases. These cutoff points were adapted for studies with non-
Caucasian individuals, for example, Chinese, tailoring the anal-
ysis according to the recommended cutoff to identify obesity in 
these groups [31]. Given the small number of items included in 
each comparison, we opted to use the fixed effect model [32]. 
Statistical heterogeneity between studies was evaluated by the 
I2 statistic. After pooling data for individual diseases, we also 

performed an overall meta-analysis pooling data relative to the 
longitudinal association between BMI > 30 versus BMI < 25 
and the incidence of any autoimmune disease. For this analysis 
(the only one with more than 10 included studies) we used the 
random effect model and CIs were calculated with the Hartung-
Knapp-Sidik-Jonkman method while tau2 was calculated with 
the DerSimonian and Laird method. For this overall compar-
ison, two sensitivity analyses were performed, one based on a 
mechanistic assumption and the other based on the publication 
bias hypothesis. In the first case, studies reporting data on the 
longitudinal incidence of systemic lupus erythematosus  (SLE) 
were excluded, since this disease is different from the others in 
terms of etiopathogenesis. Indeed, SLE is held to be a type III 
hypersensitivity response with potential type II involvement 
[33]. In the second case, a funnel plot was generated and the 
six studies exceeding the 95% CI of the plot were excluded from 
the analysis [34]. All the analyses were performed using the 
online software Review Manager 5.4 (Cochrane Collaboration, 
London, UK) with the exception of the funnel plot, which was 
generated with the online tool https://​metaa​nalys​isonl​ine.​com/​.

3   |   Results

3.1   |   Included Studies and Resulting Populations

Upon identifying 1311 pertinent manuscripts to be evaluated, 
1059 were immediately excluded since they were: not pertinent 
(732); meta-analyses, reviews, editorials, or opinions (127); pre-
prints, errata, retracted, withdrawn, or written in languages 
other than English (49); reporting animal or in vitro data, pro-
tocols and/or methods, or focused on biomarker identification 
(37); manuscripts pertaining to T1D (83); manuscripts con-
cerning individuals affected by multiple autoimmune diseases 
(9); and manuscripts about autoimmune diseases affecting 
pediatric patients (due to irreconcilable differences in disease 
initiation and progression compared to adults) (22) (Figure 1). 
The remaining 252 studies covered four different clinical 
subjects: “autoimmune disease status or onset” (n = 61), “au-
toimmune disease severity” and/or “autoimmunity-related 
complications” (n = 134), and “response to treatment for auto-
immunity” (n = 57). Of the 61 studies analyzing autoimmunity 
per se, 35 studies could not be utilized for the final analysis due 
to several reasons. In particular, after a more thorough screen-
ing, we found that 17 studies were not pertinent to the specific 
topic of our meta-analysis, 5 studies used parameters different 
from BMI for assessing adiposity, such as waist circumference 
or silhouette size, 5 studies performed genetic analyses (e.g., 
GWAS, polymorphism studies), and 8 studies were excluded 
due to the absence of other studies within the same category 
(i.e., same pathology in the same study type categories), in-
sufficient information, or the use of a different analytical ap-
proach, which precluded the possibility of pooling the data 
(Figure 1 and Table S1).

Finally, the other 26 articles were selected as suitable for the 
meta-analysis (Figure S1); of those, 8 articles reported cross-
sectional studies exploring the relationship between BMI and 
the prevalence of rheumatoid arthritis (RA) (n = 4) and psori-
asis (n = 4) (the study main characteristics are summarized in 
Table 1). Overall, the 8 studies reported data from 20,737 people 

https://metaanalysisonline.com/
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(31,68% of whom were males), with a mean age of 48.1 years. 
The other 18/26 articles reported longitudinal studies explor-
ing the association of baseline BMI with the subsequent in-
cidence of autoimmune diseases, with a mean follow-up of 
16.63 years. Those studies explored the relationship between 

obesity and the incidence of RA (n = 6), psoriasis (n = 5), mul-
tiple sclerosis (MS) (n = 2), Crohn's/ulcerative diseases (n = 3), 
and SLE  (n = 2) (the study main characteristics are summa-
rized in Table  1). Overall, the 18 studies reported data from 
1,915,335 people (47,46% of whom were males), with a mean 

FIGURE 1    |    Flowchart for the excluded and included studies.
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age of 41.8 years. The risk of bias summary is reported in 
Figure S2. In brief, of the 8 cross-sectional studies, 5 were at 
high risk of bias while the other 4 were at moderate risk; of 
the 18 longitudinal studies, 3 were at low risk of bias, 4 were 
at high risk, and the remaining 11 were at moderate risk, with 
the most common issue being the lack of accurate description 
of the methodology used to manage missing data.

3.2   |   Obesity and Prevalence or Incidence 
of Rheumatoid Arthritis

Four selected studies report a cross-sectional evaluation of 
rheumatoid arthritis (RA) prevalence in populations living in 
England, Sweden, Saudi Arabia, and Israel with either obe-
sity or not [35–38]. Obesity was associated with a slight but 
highly significant increase in odds of having  RA compared 
with normal weight (OR = 1.11, CI 1.06–1.16, p < 0.00001), 
with a high heterogeneity across studies (I2 = 74%, p = 0.009) 
(Figure 2A).

Six studies [39–44] reported longitudinal evaluations of RA 
incidence in Caucasian populations. Our analysis demon-
strated that obesity was associated with a 30% increased risk 

of developing RA compared to normal weight (HR = 1.30, CI 
1.15–1.49, p < 0.0001) (Figure 2B). The studies were found to be 
moderately heterogeneous (I2 = 31%, p = 0.20).

3.3   |   Obesity and Prevalence or Incidence 
of Psoriasis

Four selected studies report a cross-sectional evaluation of the 
prevalence of psoriasis in Chinese, American, and Italian peo-
ple with either obesity or not [45–48]. Our analysis showed that 
obesity was associated with a 35% increased odds of the outcome 
(psoriasis) compared to normal weight (OR = 1.35, CI 1.14–1.59, 
p = 0.0004) (Figure 3A). The studies were moderately heteroge-
neous (I2 = 58%, p = 0.07).

Additionally, five studies performed a longitudinal evalua-
tion of psoriasis incidence in American, Asian, and European 
populations [49–53]. Our analysis showed that obesity was 
associated with a slight (but statistically significant) 18% 
increased risk of developing psoriasis compared to normal 
weight (HR = 1.18, CI 1.16–1.20, p = 0.00001) (Figure 3B). The 
studies showed a very high grade of heterogeneity (I2 = 99%, 
p < 0.00001).

FIGURE 2    |    Obesity and rheumatoid arthritis. Forest plots summarizing the (A) prevalence and the (B) incidence of rheumatoid arthritis in people 
with obesity compared with normal weight. Overall estimates are calculated using the generic inverse variance method.
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3.4   |   Obesity and Incidence of Multiple Sclerosis, 
Crohn's Disease, and Systemic Lupus Erythematosus

3.4.1   |   Multiple Sclerosis

Two selected studies performed a longitudinal evaluation of 
multiple sclerosis (MS) incidence, performed on Norwegian and 
Swedish populations [54, 55]. Our analysis showed that obesity 
is associated with a 49% increased risk of developing MS, com-
pared to normal weight (HR = 1.49, CI 1.25–1.77, p < 0.00001) 
(Figure 4A). The studies demonstrated an insignificant hetero-
geneity (I2 = 0%, p = 0.61).

Despite including a large population (302,043 participants), we 
were unable to consider the work of Munger K.L. et al. [56] in 
our research, as we excluded studies involving pediatric pa-
tients. This exclusion was necessary due to the significant dif-
ferences in terms of the development of autoimmune diseases, 
such as MS [57], when they occur at an early age compared to 
their manifestation later in life.

3.4.2   |   Crohn's Disease

Three selected studies performed a longitudinal evaluation of 
Crohn's disease incidence in American and European people 

with either obesity or not [58–60]. Our analysis showed that 
obesity was associated with a 35% increased risk of developing 
the disease compared to normal weight (HR = 1.35, CI 1.11–1.65, 
p = 0.003) (Figure 4B). The studies showed insignificant hetero-
geneity (I2 = 0%, p = 0.54).

3.4.3   |   Systemic Lupus Erythematosus

Two studies performed a longitudinal evaluation of systemic 
lupus erythematosus (SLE) incidence in American popula-
tions [61, 62]. Since the two studies found conflicting results 
in regard to the risk of developing SLE in people with obe-
sity compared to normal weight, our analysis did not find any 
significant overall effect (HR = 1.07, CI 0.76–1.50, p = 0.71) 
(Figure  4C). The studies showed relevant heterogeneity 
(I2 = 64%, p = 0.10).

3.5   |   Obesity and the Longitudinal Association 
With Any Autoimmune Disease

To explore whether obesity represents a risk factor for autoim-
munity as a whole, we also performed an overall comparison 
of the incidence of any autoimmune disease in people with 
obesity compared with normal weight, taking advantage of all 

FIGURE 3    |    Obesity and psoriasis. Forest plots summarizing the (A) prevalence and the (B) incidence of psoriasis in people with obesity compared 
with normal weight. Overall estimates are calculated using the generic inverse variance method.
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the longitudinal studies collected. Obesity was associated with 
an increased risk of any autoimmune disease (HR = 1.41, CI 
1.24–1.62, p < 0.00001), with high heterogeneity across studies 
(I2 = 95%, p < 0.00001) (Figure 5).

We then performed two sensitivity analyses. First, given that 
SLE has a different etiopathogenesis compared with the other 
four diseases collected [63], we excluded the two studies deal-
ing with this disease and found that the overall result slightly 
increased (HR = 1.45, CI 1.26–1.66, p < 0.00001; heterogeneity 
I2 = 95%, p < 0.00001, data not shown). After having evaluated 
the risk of bias (funnel plot, Figure S3), a sensitivity analysis per-
formed by excluding the six points falling outside the 95% CI still 
provided significant results, with no heterogeneity (HR = 1.42, 
CI 1.27–1.58, p < 0.00001; heterogeneity I2 = 0%, p < 0.51, data 
not shown).

4   |   Discussion

A substantial body of epidemiological data suggests that obesity 
could represent a risk factor for the development of autoimmune 
diseases, but, to our knowledge, this is the first meta-analysis 
summarizing data from all studies that concern this risk. Even 
though the number of studies is too small to draw definitive con-
clusions relative to each autoimmune disease, we believe that 
the analysis has provided compelling evidence relative to the as-
sociation between obesity and autoimmunity as a whole.

In the effort of maintaining a comprehensive analytical goal, 
we had to make several choices to synthesize data in a mean-
ingful manner. For instance, we excluded studies dealing with 
pediatric populations, given that this would have introduced 
an excessive heterogeneity in terms of the analyzed population. 

FIGURE 4    |    Obesity and other autoimmune diseases. Forest plots summarizing the incidence of (A) multiple sclerosis, (B) Crohn's disease and 
ulcerative colitis, and (C) systemic lupus erythematosus in people with obesity compared with normal weight. Overall estimates are calculated using 
the generic inverse variance method.
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We also opted not to include T1D as an outcome to be collected, 
given the well-documented evidence that excessive adiposity 
modulates the risk of T1D from the very beginning of life, while 
additional features of hyperglycemia are obviously intertwined 
with obesity [64, 65], which would have introduced a bias in the 
results. In addition, we decided to focus only on a single compar-
ison, that is, people with BMI > 30 versus those with BMI < 25, 
to ensure that the results would not be confounded or diluted by 
the effect of intermediate overweight. On the other hand, results 
aggregated in this manner lack granularity and impede the dis-
cernment of a potential escalating association or, alternately, of 
a nonmonotonic relationship. Furthermore, the use of BMI < 25 
as the reference group was a choice forced by the design of all 
the included studies, although it might potentially hold a bias 
relative to the inclusion of underweight people. However, we 

reasoned that this choice unlikely represents a key issue for two 
reasons: (i) the possible effects on the results should, at most, 
dilute the pathological association between obesity and autoim-
mune diseases, rather than promoting it; (ii) the number of indi-
viduals with eating disorders included in observational studies 
is likely to be very small, with the exception of register-based 
studies, which were a minority portion of those covered here.

It should also be emphasized here that observational studies are 
inherently linked to the risk of residual confounders and thus 
suffer from the limitations of all similar analyses, i.e., being in-
capable of providing evidence of causality. An additional impli-
cation of such an approach is that different populations in terms 
of age and other characteristics (e.g., demographic attributes) 
might have been considered together. Thus, the results relative 

FIGURE 5    |    Obesity and the incidence of any autoimmune disease. Forest plot summarizing the incidence of all autoimmune diseases included in 
the study (each disease recognizable by the indicated color code) in people with obesity compared with normal weight. Overall estimate is calculated 
using the generic inverse variance method.
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to the overall association of obesity with autoimmunity should 
be interpreted with caution. Furthermore, given the heteroge-
neity in terms of study design, we did not perform stratification 
or subgroup analyses according to the baseline characteristics 
of the studies. For instance, we did not stratify the analyses ac-
cording to the length of follow-up, considering together studies 
with shorter and longer follow-ups. Also, we used HRs to pool 
data and not the number of events collected in each study. These 
aspects impede exploring whether the increased risk can be at-
tributed to a faster rate of development of the condition in people 
with obesity or whether there is an overall increased numerical 
incidence of autoimmune diseases. Finally, studies with long 
follow-ups might be possibly affected by the risk of misclassifi-
cation since body weight may fluctuate over time.

Notwithstanding these limitations, the overall trend observed 
across studies demonstrates a consistent association between 
obesity and an elevated risk of developing autoimmune dis-
orders. In particular, this systematic review presents a broad 
generalizability aspect, since it encompasses studies spanning 
different time periods, geographical regions, and populations 
and covers multiple autoimmune diseases; moreover, the inclu-
sion of both cross-sectional and longitudinal studies enhances 
the generalizability of the study by capturing both prevalence 
and incidence data. These data substantiate a plethora of mech-
anistic studies linking overnutrition to immune dysregulation 
and provide the foundation to further deepen the studies in this 
complex field. Our findings might suggest that obesity does not 
affect all autoimmune disorders in the same way: indeed, we 
found a positive association between obesity and the prevalence 
or incidence of all the autoimmune diseases tested, except SLE. 
The small number of SLE studies might eventually explain this 
observation. However, a mechanistic possibility could also be 
conceived: while RA, psoriasis, and MS are consistently char-
acterized by an altered activation of the T cell compartment, 
SLE is now recognized to be mostly driven by the aberrant ex-
pansion and activation of autoreactive B cells [66], which may 
suggest different intermingling with obesity-driven inflamma-
tion. On the other hand, the actual “autoimmune” pathogen-
esis of some of the diseases we have here evaluated (such as 
psoriasis and bowel hyperinflammatory conditions) is still not 
completely characterized, with self-antigens remaining elu-
sive. Hence, we do acknowledge that our work is not able to 
fully consider the pathogenetic complexity of each disease and 
that further analyses will have to disentangle the association 
possibly existing between obesity and immune-mediated dis-
eases overall.

Finally, factors such as diet, physical activity, genetic predis-
position, and socioeconomic status, which may contribute to 
both obesity and autoimmune disease susceptibility, are not 
uniformly accounted for across the range of studies, potentially 
affecting the strength of the results. Indeed, the association be-
tween obesity and autoimmune diseases appears more promi-
nent in affluent countries (i.e., North America and Europe), 
likely due to a combination of higher obesity rates, dietary pat-
terns, and environmental influences that align with Western 
lifestyle. However, as obesity rates are rising in developing na-
tions, a global shift in autoimmune disease burden may occur, 
necessitating further research into region-specific risk fac-
tors [4].

5   |   Conclusion

The results of this meta-analysis envisage clear clinical implica-
tions. Beyond the existing knowledge prompting a widespread 
adoption of programs of obesity prevention and management in 
the general population, our data suggest that individuals with 
obesity should be perceived as living with an increased risk of 
autoimmune diseases, an observation with public health impli-
cations, providing an additional scientific rationale to encourage 
obesity management and prevention at both the population and 
the clinical level.
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