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Abstract

Objective: Pain in psoriatic arthritis (PsA) is multifactorial and may persist despite appar-
ently controlled inflammatory activity. Metabolic syndrome (MetS), a frequent comorbid-
ity in PsA, could contribute to increased pain burden beyond inflammatory disease activ-
ity. The objective was to investigate the association between MetS and pain burden in PsA,
focusing on pain intensity (BPI severity; primary outcome) and pain-related functional im-
pact (BPl interference; secondary outcome), and to assess whether these associations are in-
dependent of disease activity (DAPSA) and fibromyalgia. Methods: PSABRAIN is a cross-
sectional, monocentric study including consecutive adult patients with PsA (CASPAR crite-
ria). MetS was defined according to modified ATP III criteria. Pain outcomes were assessed
using the Brief Pain Inventory (BPI) severity and interference subscales. Group compar-
isons (MetS vs. no MetS) were performed using appropriate parametric/non-parametric
tests. Univariable and multivariable linear regression models were fitted for BPI severity
and BPI interference. Multivariable models were adjusted for age, sex, disease duration,
fibromyalgia, and DAPSA. Robustness analyses replaced MetS with BMI (continuous), obe-
sity, and overweight. Results: A total of 187 PsA patients were included (44 with MetS;
143 without). MetS patients were older (median 62 vs. 57 years, p = 0.0017), had higher
BMI (median 30.1 vs. 25.5 kg/m?, p < 0.001) and a higher prevalence of obesity (56.8% vs.
15.4%, p < 0.001), while DAPSA did not differ between groups (p = 0.819). MetS patients
reported higher BPI severity (median 5.75 vs. 4.5, p = 0.038) and BPI interference (median
6.86 vs. 5.5, p = 0.044). In univariable regression, MetS was associated with higher BPI
severity (3 = 0.93, 95% CI 0.08 to 1.77; p = 0.032) but not with BPI interference (3 = 0.81,
95% CI —0.13 to 1.75; p = 0.091). In adjusted models, MetS remained independently asso-
ciated with BPI severity (3 = 0.99, 95% CI 0.23 to 1.75; p = 0.011), whereas its association
with BPI interference was not significant (3 = 0.69, 95% CI —0.20 to 1.57; p = 0.126). In
alternative models, BMI and obesity were independently associated with both outcomes
(BPI severity: BMI B = 0.097/kg/m?, p = 0.004; obesity = 0.91, p = 0.010; BPI interference:
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BMI B = 0.095/kg/m2, p = 0.015; obesity 3 = 1.22, p = 0.003). Conclusions: In PsA, MetS
is independently associated with higher pain severity but not with pain interference after
adjustment for disease activity and fibromyalgia. Adiposity measures show consistent in-
dependent associations, particularly with pain interference, supporting the relevance of
metabolic and weight-related factors in the multidimensional assessment of pain in PsA.

Keywords: metabolic syndrome; psoriatic arthritis; brain

1. Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory musculoskeletal disease character-
ized by a heterogeneous spectrum of manifestations, including peripheral arthritis, axial
involvement, enthesitis, dactylitis, and psoriasis affecting the skin and nails [1-3]. Despite
improvements in the management of PsA with conventional and targeted therapies, a
substantial proportion of patients continue to experience persistent pain, impaired func-
tion, and reduced quality of life, even when objective inflammatory indices appear con-
trolled [4-8]. This discrepancy highlights the complexity of pain mechanisms in PsA and
the need for a multidimensional assessment beyond traditional disease activity scores.

Metabolic syndrome (MetS) is a highly prevalent comorbidity in PsA, with reported
estimates ranging from 30% to 50% [9,10]. Defined by the clustering of central obesity, hy-
pertension, dyslipidemia and impaired glucose metabolism, MetS contributes not only to
cardiovascular risk but also to heightened systemic inflammation, altered adipokine pro-
files, and increased pain perception [11-13]. Previous studies from our group have demon-
strated that, in PsA, the presence of MetS is associated with greater pain catastrophizing,
worse disease activity, increased disability and reduced health-related quality of life, inde-
pendent of inflammatory burden [14-17]. These findings support the hypothesis that MetS
may amplify or modulate pain pathways in PsA. Importantly, pain is not a unitary con-
struct. Pain intensity and pain-related functional interference capture distinct, clinically
meaningful domains that may reflect partially different determinants and may require dif-
ferent management strategies. The Brief Pain Inventory (BPI) is a validated instrument
that quantifies both pain severity and pain interference and has been recommended as a
pragmatic approach to capture these key dimensions in clinical research [18].

Moreover, in PsA, features of abnormal pain processing are common and can sub-
stantially influence pain reporting and patient-reported outcomes, potentially confound-
ing the relationship between comorbidities and pain burden [19]. Consistently, concomi-
tant fibromyalgia has been reported in a substantial proportion of patients with PsA and is
associated with higher patient-reported disease activity and worse symptom-related out-
comes, supporting its role as a key confounder in pain analyses [20].

Therefore, in the PSABRAIN study, we investigated the association between MetS
and pain burden in PsA, focusing on BPI pain severity and BPI pain interference, and
assessed whether these associations were independent of disease activity (DAPSA) and
fibromyalgia.

2. Materials and Methods

PSABRAIN is a cross-sectional, monocentric study conducted at the Rheumatology
Unit of the Fondazione Policlinico Universitario Campus Bio-Medico, Rome (Italy). Adult
patients (>18 years) with a diagnosis of PsA according to the CASPAR criteria [1] were
consecutively enrolled during routine outpatient visits. All participants completed a struc-
tured set of validated patient-reported outcome measures as part of standard clinimetric
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assessment. Patients with incomplete questionnaire data or concomitant conditions that
could substantially interfere with pain interpretation (e.g., active malignancy, severe neu-
rological disease, uncontrolled psychiatric disorders) were excluded. Metabolic syndrome
(MetS) was defined according to the modified Adult Treatment Panel III criteria [21], re-
quiring the presence of at least three of the following five components: abdominal obe-
sity (waist circumference >102 cm in men and >88 cm in women), hypertriglyceridemia
(>150 mg/dL or lipid-lowering treatment), reduced HDL cholesterol (<40 mg/dL in men
and <50 mg/dL in women), elevated blood pressure (>130/85 mmHg or antihypertensive
treatment), and impaired fasting glucose (>100 mg/dL or antidiabetic treatment). Data
were collected prospectively in an electronic database specifically designed for the study.
The study received approval from the Ethics Committee of the University Campus Bio-
Medico of Rome (approval No. 78.20 OSS) and was conducted in accordance with the
Declaration of Helsinki and its subsequent revisions.

Clinical and demographic data were collected during routine outpatient visits and
included age, sex, body mass index (BMI), disease duration, comorbidities, and current
and/or previous treatments. Fibromyalgia was recorded as present/absent based on clini-
cal diagnosis, according to the 2016 revision of the 2010/2011 fibromyalgia diagnostic crite-
ria [22]. PsA disease activity was assessed through standard clinimetric indices, including:
Tender Joint Count (TJC; 68 joints), Swollen Joint Count (SJC; 66 joints), Patient Global As-
sessment (PtGA; 0-10 cm VAS), Pain VAS (0-10 cm), Disease Activity in Psoriatic Arthritis
(DAPSA), Psoriasis Area and Severity Index (PASI), and Leeds Enthesitis Index (LEI).

All participants completed a structured set of validated patient-reported outcome
measures (PROMs), including: Brief Pain Inventory (BPI) for pain severity and interfer-
ence [23], Central Sensitization Inventory (CSI) for symptoms related to central sensiti-
zation [24], painDETECT questionnaire for neuropathic-like pain features [25], Hospital
Anxiety and Depression Scale (HADS) [26], Health Assessment Questionnaire (HAQ) for
disability [27], EQ-5D-5L for health-related quality of life [28]. Scores for each instrument
were calculated according to standard scoring procedures. All data were entered into a
dedicated electronic database and checked for completeness prior to analysis. BPI sever-
ity and interference were analyzed as continuous 0-10 scores and calculated according to
standard scoring procedures; severity was defined as the mean of the four pain intensity
items (worst, least, average, and current pain).

Continuous variables were summarized as mean =+ standard deviation (SD) or me-
dian and interquartile range (IQR), as appropriate. Categorical variables were summarized
as counts and percentages. Between-group comparisons (PsA with vs. without MetS) were
performed using Student’s t test or the Mann-Whitney U test for continuous variables, and
the x? test or Fisher’s exact test for categorical variables, as appropriate.

Univariable linear regression models were used to explore associations between can-
didate predictors and BPI severity (primary outcome) and BPI interference (secondary out-
come). Predictors included demographic and clinical variables (age, sex, BMI, disease
duration, comorbidities, treatments), disease activity (DAPSA), fibromyalgia status, and
patient-reported measures collected in the study.

To assess whether MetS was independently associated with pain outcomes, multi-
variable linear regression models were fitted separately for BPI severity and BPI interfer-
ence. Covariates included in the multivariable models were selected a priori based on
their established or potential association with pain severity in PsA and their potential role
as confounders of the relationship between MetS and pain outcomes. To evaluate robust-
ness using alternative anthropometric definitions, additional multivariable models were
constructed by replacing MetS with BMI (continuous), obesity, overweight, diabetes and
hypertension. Results were reported as beta coefficients (3) with 95% confidence intervals
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(95% Cls) and p values. All tests were two-tailed, and p < 0.05 was considered statistically

significant. Statistical analyses were performed using Stata (version 14).

3. Results

A total of 187 patients with psoriatic arthritis (PsA) were included in the analysis:

143 without metabolic syndrome (MetS) and 44 with MetS. Patients with MetS were older
(median 62 vs. 57 years, p =0.0017) and had higher BMI values (median 30.1 vs. 25.5 kg/m?,
p < 0.001), with a substantially higher prevalence of obesity (BMI > 30 kg/m?) compared
with patients without MetS (56.8% vs. 15.4%, p < 0.001). Among patients fulfilling MetS
criteria, the most prevalent metabolic abnormalities were low HDL cholesterol (87.5%),

hypertension (78.6%), diabetes mellitus (63.4%), hypertriglyceridemia (62.2%), and obesity

(56.8%).
Disease duration was longer in the MetS group (median 7 vs. 4 years, p = 0.040). In-

flammatory markers were higher in MetS patients (CRP and ESR, both p < 0.05), while
composite disease activity assessed by DAPSA did not differ between groups (p = 0.819).

Treatment exposure (conventional and biologic DMARDs) and fibromyalgia prevalence

were comparable between groups (Table 1).

Table 1. Demographic and clinical characteristics of the PsA study population.

Variable Total (n =187) No MetS (n =143) MetS (n = 44) p
Age 57 [51-63] 57 [49-62] 62 [54-65] 0.002
Female 137 (73.3) 105 (73.4) 32(72.7) 0.9
BMI 26.6 [23.5-30.0] 25.5[22.9-28.0] 30.1 [27.6-33.6] <0.001
Overweight (BMI > 25) 119 (63.6) 78 (54.5) 41 (93.2) <0.001
Obesity (BMI > 30) 47 (25.1) 22 (15.4) 25 (56.8) <0.001
Hypertension 79 (42.5) 46 (31.9) 33 (78.6) <0.001
Diabetes 41 (26.6) 15 (13.3) 26 (63.4) <0.001
Disease duration 4.5 [2-9] 4 [2-8] 7 [3-12] 0.04
Conventional DMARD use 76 (40.6) 58 (40.6) 18 (40.9) 0.9
Biologic therapy use 152 (81.3) 117 (81.8) 35 (79.5) 0.7
Fibromyalgia 68 (36.4) 50 (35.0) 18 (40.9) 0.5
High triglycerides 27 (25.0) 4 (5.6) 23 (62.2) <0.001
Low HDL 71 (59.2) 36 (45.0) 35 (87.5) <0.001
Tender joint count (68) 1[0-4] 1[0-4] 0[0-3] 0.2
Swollen joint count (66) 0[0-0] 0[0-0] 0[0-0] 0.3
Leeds Enthesitis Index (LEI) 0[0-0] 0[0-0] 0[0-0] 0.9
Dactylitis 5 (2.7) 4 (2.8) 1(2.3) 0.7
PASI 0[0-0] 0[0-0] 0[0-0] 0.4
CRP 0.20 [0.15-0.45] 0.20[0.11-0.33] 0.28 [0.20-0.78] 0.02
ESR 11.1 [6-20] 10 [6-17.3] 16 [6-31.2] 0.03
DAPSA 14.1 [8.1-18.3] 14.1 [8.1-18.1] 14.4 [6.65-20.2] 0.8
Patient pain 6 [4-7] 6 [4-7] 7 [5-8.5] 0.1
Patient global assessment 5[3-7] 5[3-7] 6 [4-8] 0.2
Joint pain VAS 6 [4-8] 6 [4-8] 7 [5-8] 0.2
BPI severity 5.0 [2.75-6.75] 4.5 [2.5-6.5] 5.75 [3.38-7.12] 0.04
BPI interference 5.71 [2.71-7.43] 5.50 [2.57-7.00] 6.86 [3.46-8.00] 0.04
CSI total 50 [35-61] 49 [35-59] 52.5[34.5-65.5] 0.4
HADS-Anxiety 7 [4-10] 7 [4-10] 7 [3.5-12] 0.7
HADS-Depression 7 [4-10] 7 [4-9] 8 [4.5-11] 0.2
HAQ-DI 0.88 [0.25-1.38] 0.75[0.25-1.25] 1.25[0.38-1.5] 0.03
PainDETECT 13 [7-20] 13 [7-20] 12.5 [6.5-22.5] 0.8
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Table 1. Cont.

Variable Total (n =187) No MetS (n =143) MetS (n = 44) p
EQ-5D Mobility 1[1-2] 1[1-2] 2 [1-2] 0.01
EQ-5D Self-care 1[0-1] 1[0-1] 1[0-2] 0.03
EQ-5D Usual activities 1[1-2] 1[1-2] 2 [1-3] 0.05
EQ-5D Pain/Discomfort 2 [1-2] 2 [1-2] 2 [2-3] 0.07
EQ-5D Anxiety/Depression 1[0-2] 1[0-2] 1[0-2] 0.5
EQ-VAS 55 [50-70] 55 [50-70] 52.5 [42.5-70] 0.7

Legend: Continuous variables are reported as median [IQR]; categorical variables as n (%). p values refer to
between-group comparisons (MetS vs. no MetS). Abbreviations: PsA, psoriatic arthritis; MetS, metabolic syn-
drome; BMI, body mass index; DMARD, disease-modifying antirheumatic drug; ; LEI, Leeds Enthesitis Index;
PAS]I, Psoriasis Area and Severity Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; DAPSA,
Disease Activity in Psoriatic Arthritis; VAS, visual analogue scale; BPI, Brief Pain Inventory; CSI, Central Sensi-
tization Inventory; HADS, Hospital Anxiety and Depression Scale; HAQ-DI, Health Assessment Questionnaire—
Disability Index; EQ-5D, EuroQol 5-dimension; EQ-VAS, EuroQol visual analogue scale.

BPI severity was higher in the MetS group (median: 5.75 vs. 4.5, p = 0.038) and BPI
interference was also higher (median: 6.86 vs. 5.5, p = 0.044). HAQ-DI was higher in MetS
patients (median: 1.25 vs. 0.75, p = 0.029). In the EQ-5D-5L, mobility, self-care, and usual
activities were worse in the MetS group (all p < 0.05), whereas pain/discomfort showed a
borderline difference (p = 0.069) and anxiety/depression did not differ (p = 0.521). Patient-
reported pain and joint pain VAS did not differ between groups (p = 0.117 and p = 0.200,
respectively), and CSI total score was comparable (p = 0.426) (Table 1).

Univariable linear regression analyses for BPI severity are reported in Table 2. MetS
was associated with higher BPI severity (3 =0.93, 95% CI 0.08 to 1.77; p = 0.032). Pain sever-
ity was also significantly associated with female sex (3 =1.96; p < 0.001), obesity (3 = 1.06;
p = 0.012), diabetes (3 = 1.24; p = 0.006), conventional DMARD use (3 = 0.77; p = 0.039),
fibromyalgia (3 =2.40; p <0.001), and higher disease activity and symptom burden, includ-
ing DAPSA (f = 0.162 per point; p <0.001), tender joint count (p = 0.004), patient-reported
pain and global assessment (both p < 0.001), disability (HAQ; 3 = 1.96; p < 0.001), central
sensitization-related symptoms (CSL p < 0.001), neuropathic-like pain features (painDE-
TECT; p < 0.001), mood symptoms (HADS anxiety and depression; both p < 0.001), and
worse HRQoL indices (EQ-5D domains and EQ-VAS; all p < 0.005). Among inflammatory
markers, ESR was significantly associated with BPI severity (p = 0.019), whereas CRP was
not (p = 0.141).

Table 2. Univariable linear regression (BPI severity as dependent variable).

Variable  Coefficient 95% CI p
Age —0.01 —0.04 to 0.03 0.7
Female 1.96 1.19to 2.74 <0.001
BMI 0.06 —0.02t0 0.14 0.1
Overweight 0.20 —0.56 to 0.96 0.6
Obesity (BMI > 30) 1.06 0.24 to 1.88 0.01
Disease duration —0.05 —0.12 to 0.02 0.2
Conventional DMARD use 0.77 0.04 to 1.51 0.03
Biologic therapy use 0.53 —0.40 to 1.46 0.2
Fibromyalgia 2.40 1.73 to 3.07 <0.001
High triglycerides 0.11 —1.03to 1.26 0.8
Low HDL 0.22 —0.71t0 1.15 0.6
Hypertension 0.27 —0.47 to 1.01 0.5
Diabetes 1.24 0.35t0 2.12 0.006
Metabolic syndrome 0.93 0.08 to 1.77 0.03
Tender joint count (68) 0.13 0.04 to 0.22 0.004
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Table 2. Cont.

Variable  Coefficient 95% CI p

Swollen joint count (66) 0.39 —0.07 to 0.86 0.09

Leeds Enthesitis Index 0.31 —0.11t0 0.73 0.1

Dactylitis —1.30 —2.79t0 0.20 0.08

PASI 0.11 —0.32 t0 0.55 0.6

CRP 0.54 —0.18 to 1.27 0.1

ESR 0.03 0.00 to 0.05 0.01
DAPSA 0.16 0.12 to 0.20 <0.001
Patient pain 0.60 0.50 to 0.71 <0.001
Patient global assessment 0.61 0.51t00.71 <0.001
Joint pain VAS 0.84 0.75 to 0.94 <0.001
BPI interference 0.67 0.58 to 0.76 <0.001
CSI total 0.09 0.07 to 0.10 <0.001
HADS-Anxiety 0.17 0.09 to 0.25 <0.001
HADS-Depression 0.24 0.15t0 0.33 <0.001
HAQ-DI 1.96 1.48 t0 2.43 <0.001
PainDETECT total 0.14 0.11 to 0.18 <0.001
EQ-5D Mobility 1.21 0.84 to 1.58 <0.001
EQ-5D Self-care 0.96 0.53 to 1.39 <0.001
EQ-5D Usual activities 1.07 0.75 to 1.39 <0.001
EQ-5D Pain/Discomfort 1.84 1.46 to 2.21 <0.001
EQ-5D Anxiety/Depression 0.54 0.17 to 0.92 0.005
EQ-VAS —0.05 —0.06 to —0.03 <0.001

Legend: B, beta coefficient; CI, confidence interval; BPI, Brief Pain Inventory;BMI, body mass index; DMARD,
disease-modifying antirheumatic drug; PASI, Psoriasis Area and Severity Index; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; DAPSA, Disease Activity in Psoriatic Arthritis; VAS, visual analogue scale; CSI,
Central Sensitization Inventory; HADS, Hospital Anxiety and Depression Scale; HAQ-DI, Health Assessment
Questionnaire-Disability Index; EQ-5D, EuroQol 5-dimension; EQ-VAS, EuroQol visual analogue scale.

Univariable analyses for BPI interference are reported in Table 3. The association be-
tween MetS and BPI interference did not reach statistical significance ( = 0.81, 95% CI
—0.13 to 1.75; p = 0.091). Interference was significantly higher in female patients (§ =2.25;
p <0.001) and in those with obesity (3 =1.46; p =0.002), diabetes (3 = 1.08; p =0.033), and fi-
bromyalgia (3 =2.43; p <0.001). Higher interference was also associated with inflammatory
markers (CRP and ESR; both p <0.05), DAPSA (3 = 0.148 per point; p <0.001), pain severity
(B =0.827; p <0.001), central sensitization symptoms (CSI; p < 0.001), neuropathic-like pain
features (painDETECT; p < 0.001), mood symptoms (HADS anxiety and depression; both
p < 0.001), disability (HAQ; 3 = 2.48; p < 0.001), and worse EQ-5D domain and EQ-VAS
scores (all p <0.001).

Table 3. Univariable linear regression (BPI interference as dependent variable).

Variable B Coefficient 95% CI p
Age —0.01 —0.05 to 0.03 0.7
Female 2.25 1.40 to 3.10 <0.001
BMI 0.08 —0.01 to 0.16 0.08
Overweight 0.40 —0.43to1.24 0.3
Obesity 1.46 0.56 to 2.36 0.002
Disease duration —0.02 —0.10 to 0.06 0.6
Conventional DMARD use 0.56 —0.25t0 1.38 0.2
Biologic therapy use 0.45 —0.58 to 1.48 0.4
Fibromyalgia 2.43 1.67 to 3.19 <0.001
High triglycerides 0.06 —1.19t0 1.31 0.9
Low HDL 0.05 —0.97 to 1.07 0.9
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Table 3. Cont.

Variable  Coefficient 95% CI p
Hypertension 0.24 —0.58 to 1.05 0.6
Diabetes 1.08 0.09 to 2.08 0.03
Metabolic syndrome 0.81 —0.13t0 1.75 0.09
Tender joint count (68) 0.08 —0.02t0 0.18 0.1
Swollen joint count (66) 0.38 —0.14 to 0.90 0.1
Leeds Enthesitis Index 0.40 —0.06 to 0.87 0.09
Dactylitis —0.99 —2.65 to 0.67 0.2
PASI —0.07 —0.55 to 0.41 0.8
CRP 0.97 0.18 to 1.77 0.01
ESR 0.03 0.01 to 0.06 0.01
DAPSA 0.15 0.10 to 0.19 <0.001
Patient pain 0.59 0.46 to 0.71 <0.001
Patient global assessment 0.55 0.43 to 0.68 <0.001
Joint pain VAS 0.73 0.59 to 0.87 <0.001
BPI severity 0.83 0.72 t0 0.94 <0.001
CSlI total 0.10 0.09 to 0.12 <0.001
HADS-Anxiety 0.32 0.23 to 0.40 <0.001
HADS-Depression 0.36 0.27t0 0.45 <0.001
HAQ-DI 2.48 1.99 to 2.98 <0.001
PainDETECT total 0.15 0.11 to 0.19 <0.001
EQ-5D Mobility 1.71 1.34 to 2.09 <0.001
EQ-5D Self-care 1.49 1.03 to 1.95 <0.001
EQ-5D Usual activities 1.54 1.21 to 1.86 <0.001
EQ-5D Pain/Discomfort 2.09 1.68 to 2.50 <0.001
EQ-5D Anxiety/Depression 1.22 0.83 to 1.60 <0.001
EQ-VAS —0.06 —0.08 to —0.04 <0.001

Legend: 3, beta coefficient; CI, confidence interval; BPI, Brief Pain Inventory; BMI, body mass index; DMARD,
disease-modifying antirheumatic drug; PASI, Psoriasis Area and Severity Index; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; DAPSA, Disease Activity in Psoriatic Arthritis; VAS, visual analogue scale; CSI,
Central Sensitization Inventory; HADS, Hospital Anxiety and Depression Scale; HAQ-DI, Health Assessment
Questionnaire-Disability Index; EQ-5D, EuroQol 5-dimension; EQ-VAS, EuroQol visual analogue scale.

Multivariable linear regression models for BPI severity are presented in Table 4. Af-
ter adjustment for age, sex, disease duration, fibromyalgia, and DAPSA, MetS remained
independently associated with higher BPI severity (3 =0.99, 95% CI 0.23 to 1.75; p = 0.011).
In the same model, fibromyalgia (3 = 1.67; p < 0.001), female sex (3 = 0.83; p = 0.029), and
DAPSA (3 =0.114 per point; p < 0.001) were also independent correlates, whereas age and
disease duration were not significant. When MetS was replaced with BMI (3 = 0.097 per
kg/m?; p = 0.004), obesity (B = 0.91; p = 0.010) and diabetes (B = 1.1; p = 0.005), these vari-
ables were independently associated with higher BPI severity, while overweight showed
a borderline association (3 = 0.65; p = 0.052) (Supplementary Tables 51-54). When MetS
was replaced with hypertension, hypertriglyceridemia, or low HDL cholesterol levels in
separate multivariable models, none of these individual components showed a significant
independent association with BPI severity.

An additional multivariable linear regression model including both MetS and BMI
simultaneously were performed. In this model, neither MetS (3 = 0.84, p = 0.064) nor BMI
(B =0.066, p = 0.088) remained independently associated with BPI severity. Importantly,
multicollinearity was not a concern (VIF for MetS = 1.37; VIF for BMI = 1.32), suggesting
that the attenuation of the associations was not driven by collinearity but rather by the
shared variance between these closely related measures of metabolic status and adiposity.

In a sensitivity analysis including CSI, painDETECT, and HADS scores, MetS re-
mained independently associated with BPI severity (3 = 1.1; p < 0.003), while CSI was
the only additional pain-related construct independently associated with the outcome
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(B = 0.05; p <0.0001). To address the potential concern of overadjustment related to
the inclusion of DAPSA, which incorporates a patient-reported pain component partially
overlapping with the BPI severity outcome, we performed a sensitivity analysis replacing
DAPSA with more objective inflammatory parameters (SJC and CRP). In this model, MetS
remained independently associated with higher BPI severity (3 =1.13, 95% CI 0.27 to 1.98;
p=0.010), whereas SJC and CRP were not significant predictors, supporting the robustness
of the association between MetS and pain severity beyond inflammatory activity assessed
through objective measures.

Table 4. Multivariable linear regression adjusted for age, sex, disease duration, fibromyalgia, and
DAPSA (BPI severity as dependent variable).

Variable B Coefficient 95% CI P
Age —0.01 —0.04 to 0.02 0.6
Female 0.83 0.09 to 1.57 0.03
Disease duration —0.04 —0.10 to 0.02 0.1
Fibromyalgia 1.67 0.98 to 2.36 <0.001
Metabolic syndrome 0.99 0.23t0 1.75 0.01
DAPSA 0.11 0.07 to 0.16 <0.001

Legend: f3, beta coefficient; CI, confidence interval; BPI, Brief Pain Inventory; DAPSA, Disease Activity in Psori-
atic Arthritis.

Multivariable models for BPI interference are shown in Table 5. In the adjusted model
including MetS, the association with BPI interference was attenuated and not statistically
significant (B =0.69, 95% CI —0.20 to 1.57; p = 0.126). Conversely, BMI (B = 0.095 per kg/m?;
p=0.015) and obesity (3 =1.22; p =0.003) (Supplementary Tables S5 and S6) remained inde-
pendently associated with greater interference in alternative models, whereas overweight
was not independently associated (p = 0.081) (Supplementary Table S7). Across models,
female sex (3 ~ 1.20-1.39; p < 0.005), fibromyalgia (3 ~ 1.65-1.77; p <0.001), and DAPSA
(B ~ 0.085-0.091 per point; p < 0.001) were consistently associated with higher BPI inter-
ference, while age and disease duration were not.

Table 5. Multivariable linear regression adjusted for age, sex, disease duration, fibromyalgia, and
DAPSA (BPI interference as dependent variable).

Variable B Coefficient 95% CI p
Age —0.01 —0.04 to 0.03 0.6
Female 1.24 0.38 to 2.10 0.005
Disease duration —0.01 —0.08 to 0.05 0.7
Fibromyalgia 1.65 0.85 to 2.45 <0.001
Metabolic syndrome 0.69 —0.20 to 1.57 0.1
DAPSA 0.09 0.04 to 0.14 <0.001

Legend: B3, beta coefficient; CI, confidence interval; BPI, Brief Pain Inventory; DAPSA, Disease Activity in Psori-
atic Arthritis.

4. Discussion

In this cross-sectional study of 187 patients with PsA, MetS was associated with a
higher pain burden. MetS patients reported higher BPI severity and interference despite
similar DAPSA, supporting the notion that pain in PsA can be dissociated from the in-
flammatory activity captured by composite indices [6,14,17]. In multivariable models ac-
counting for key determinants of pain reporting (sex, fibromyalgia, and DAPSA), MetS re-
mained independently associated with higher pain severity, whereas the association with
pain interference was attenuated and no longer statistically significant. Across models, fi-
bromyalgia and DAPSA emerged as the most consistent correlates of both BPI domains,
while female sex was also independently associated, particularly with interference. In line
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with previous observations that metabolic comorbidity is associated with worse patient-
reported outcomes in PsA, the present findings extend this concept to distinct pain do-
mains captured by the BPL

A clinically relevant aspect of our results is the differential behaviour of pain intensity
versus pain-related functional impact. While MetS retained an independent association
with BPI severity, adiposity measures (BMI and obesity) showed more consistent indepen-
dent associations, particularly with interference, in robustness analyses. This pattern sug-
gests that metabolic and weight-related factors may contribute to distinct dimensions of the
pain experience. When MetS and BMI were simultaneously included in the same multivari-
able model, neither variable retained statistical significance, despite the absence of relevant
multicollinearity. This finding suggests that the attenuation of the associations is likely re-
lated to the overlapping biological contribution of metabolic status and adiposity rather
than to a statistical artefact. Given the close interrelationship between MetS components
and body weight, these results should be interpreted as indicating shared metabolic and
adiposity-related pathways contributing to pain burden rather than as evidence against
the relevance of either factor.

Adiposity may impact daily functioning through a combination of mechanical load-
ing, reduced physical capacity, deconditioning, and sleep disturbances, in addition to adi-
pose tissue-driven low-grade inflammation and altered adipokine profiles. Conversely,
the strong association between fibromyalgia and both outcomes reinforces the relevance
of pain amplification mechanisms in PsA and highlights the importance of systematically
assessing fibromyalgia when interpreting pain reports and patient-reported outcomes.
In sensitivity analyses incorporating additional pain-related domains, including central
sensitization, neuropathic pain features, and psychological distress, the association be-
tween MetS and pain severity remained largely unchanged. Although central sensitization
showed an independent contribution to pain burden, suggesting the relevance of altered
pain processing mechanisms in PsA, these findings indicate that the relationship between
metabolic comorbidity and pain severity is not fully explained by pain amplification or psy-
chological factors alone. Rather, MetS may represent an additional dimension contributing
to the complexity of pain experience in PsA, potentially through interconnected inflamma-
tory, metabolic, and functional pathways.

From a clinical perspective, these findings support integrating metabolic assessment
into the evaluation of pain in PsA. Identifying MetS and obesity may help clinicians rec-
ognize patients who are at increased risk of substantial pain burden, including those with
apparent discordance between inflammatory activity and symptom severity. Moreover,
distinguishing pain intensity from pain-related interference may be useful for tailoring
management strategies, as these domains may reflect partially different drivers. While
optimizing inflammatory control remains essential, patients with prominent metabolic co-
morbidity and/or adiposity-related burden may benefit from broader multidisciplinary ap-
proaches targeting weight management, physical activity, sleep, and pain amplification
comorbidities, alongside pharmacological treatment.

This study has limitations.

The cross-sectional design of our study represents an inherent limitation and does
not allow causal relationships to be established. Although our findings suggest an inde-
pendent association between MetS and pain severity, reverse causality cannot be excluded.
Chronic pain and functional impairment may lead to reduced physical activity, weight
gain, and subsequent metabolic alterations, potentially contributing to the development
of MetS. Therefore, longitudinal studies are needed to clarify the temporal relationship
between metabolic dysfunction and pain burden in patients with PsA. Furthermore, fi-
bromyalgia was assessed according to the 2016 revision of the 2010/2011 ACR diagnostic
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criteria and included as a binary covariate in the multivariable models. However, because
the assessment was based on the presence/absence of a fibromyalgia diagnosis rather than
on a continuous evaluation of fibromyalgia-related symptom burden (e.g., Widespread
Pain Index and Symptom Severity scores), residual confounding related to differences in
pain severity and symptom expression among patients with fibromyalgia cannot be com-
pletely excluded.

Although the association between MetS and pain severity was statistically significant,
the clinical relevance of the observed effect size should be considered. The approximately
1-point increase in BPI severity associated with MetS is within the range of changes that
have been proposed as potentially clinically meaningful in pain assessment instruments;
however, the interpretation of this difference should be made cautiously, as minimal clini-
cally important differences may vary according to patient population and clinical context.

In conclusion, MetS was associated with a higher pain burden in PsA and remained
independently associated with higher pain severity after adjustment for disease activity
and fibromyalgia, whereas its association with pain interference was not independent.
Adiposity measures showed consistent independent associations, especially with inter-
ference, highlighting the potential relevance of metabolic and weight-related factors in
shaping pain impact. These findings support a multidimensional approach to pain assess-
ment in PsA that integrates disease activity with evaluation of metabolic comorbidity and
pain amplification.
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www.mdpi.com/article/10.3390/biomedicines14081752/s1.
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Abbreviations

The following abbreviations are used in this manuscript:

PsA Psoriatic Arthritis

MetS Metabolic Syndrome

BMI Body Mass Index

BPI Brief Pain Inventory

DAPSA Disease Activity in Psoriatic Arthritis
CASPAR Classification Criteria for Psoriatic Arthritis
ATP III Adult Treatment Panel III

PROMs Patient-Reported Outcome Measures
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TJC Tender Joint Count

SJC Swollen Joint Count

PtGA Patient Global Assessment

VAS Visual Analogue Scale

PASI Psoriasis Area and Severity Index

LEI Leeds Enthesitis Index

CSI Central Sensitization Inventory
painDETECT  PainDETECT Questionnaire

HADS Hospital Anxiety and Depression Scale
HAQ Health Assessment Questionnaire

HAQ-DI Health Assessment Questionnaire-Disability Index
EQ-5D-5L EuroQol 5-Dimension 5-Level Questionnaire
EQ-VAS EuroQol Visual Analogue Scale

CRP C-Reactive Protein

ESR Erythrocyte Sedimentation Rate

DMARDs Disease-Modifying Antirheumatic Drugs

csDMARDs Conventional Synthetic Disease-Modifying Antirheumatic Drugs
bDMARDs Biologic Disease-Modifying Antirheumatic Drugs

SD Standard Deviation

IQR Interquartile Range

CI Confidence Interval

HRQoL Health-Related Quality of Life
HDL High-Density Lipoprotein

References

1. Taylor, W.; Gladman, D.; Helliwell, P.; Marchesoni, A.; Mease, P.; Mielants, H. Classification criteria for psoriatic arthritis: De-
velopment of new criteria from a large international study. Arthritis Rheum. 2006, 54, 2665-2673. [CrossRef]

2. Ritchlin, C.T.; Colbert, R.A.; Gladman, D.D. Psoriatic arthritis. N. Engl. J. Med. 2017, 376, 957-970. [CrossRef] [PubMed]

3. Ogdie, A.; Weiss, P. The epidemiology of psoriatic arthritis. Rheum. Dis. Clin. N. Am. 2015, 41, 545-568. [CrossRef]

4 Zabotti, A.; Aydin, S.Z.; David, P.; Di Matteo, A.; McGonagle, D. Delineating inflammatory from non-inflammatory mechanisms
for therapy optimization in psoriatic arthritis. Nat. Rev. Rheumatol. 2025, 21, 237-248.

5. Mease, P.J. Navigating the complexity of pain in psoriatic arthritis and axial spondyloarthritis. Curr. Opin. Rheumatol. 2024, 36,
282-288.

6. Currado, D.; Biaggi, A ; Pilato, A.; Marino, A.; Ruscitti, P.; Pantano, I.; Di Donato, S.; Vomero, M.; Berardicurti, O.; Pavlych, V.;
et al. The negative impact of pain catastrophising on disease activity: Analyses of data derived from patient-reported outcomes
in psoriatic arthritis and axial spondyloarthritis. Clin. Exp. Rheumatol. 2023, 41, 1856-1861. [PubMed]

7. Currado, D.; Saracino, F.; Ruscitti, P.; Marino, A.; Pantano, I.; Vomero, M.; Berardicurti, O.; Pavlych, V.; Di Vico, C.; Caso, F.;
et al. Pain catastrophizing negatively impacts drug retention rate in patients with Psoriatic Arthritis and axial Spondyloarthritis:
Results from a 2-years perspective multicenter GIRRCS (Gruppo Italiano di Ricerca in Reumatologia Clinica) study. Arthritis
Res. Ther. 2024, 26, 162. [CrossRef] [PubMed]

8. Currado, D.; Saracino, F.; De Vincenzo, F.; Trunfio, F.; Marino, A.; Kun, L.; Corberi, E.; Lamberti, L.; Frasca, L.; Berardicurti,
O.; et al. From pain catastrophising to multidimensional psychological distress: Unravelling the complexity of difficult-to-treat
psoriatic arthritis. Clin. Exp. Rheumatol. 2025, 43, 1871-1878. [PubMed]

9. Raychaudhuri, SK.; Chatterjee, S.; Nguyen, C.; Kaur, M; Jialal, I.; Raychaudhuri, S.P. Increased prevalence of the metabolic
syndrome in patients with psoriatic arthritis. J. Rheumatol. 2010, 37, 1371-1377.

10. Eder, L.; Abji, F.; Rosen, C.F.; Chandran, V.; Gladman, D.D. The Association Between Obesity and Clinical Features of Psoriatic
Arthritis: A Case-control Study. Arthritis Care Res. 2017, 69, 1810-1815. [CrossRef]

11.  Mallbris, L; Ritchlin, C.T.; Stdhle, M. Metabolic disorders in patients with psoriasis and psoriatic arthritis. Curr. Rheumatol. Rep.
2006, 8, 355-363.

12.  Salaffi, F.; Farah, S.; Bianchi, B.; Di Carlo, M. Central Sensitization in Psoriatic Arthritis: Relationship with Composite Measures
of Disease Activity, Functional Disability, and Health-Related Quality of Life. J. Rheumatol. 2024, 51, 144-149.

13. Encalada, S.; Atchison, J.W.; Prideaux, C.C.; Narouze, S.; Mosquera-Moscoso, J.; de Mendonca, L.F.P.; Hallo-Carrasco, A.;

Prokop, L.; Hunt, C. The association between chronic pain and metabolic syndrome: A scoping review. PM R 2025, 17,
1107-1119.

https://doi.org/10.3390/biomedicines14081752


https://doi.org/10.1002/art.21972
https://doi.org/10.1056/nejmra1505557
https://www.ncbi.nlm.nih.gov/pubmed/28273019
https://doi.org/10.1016/j.rdc.2015.07.001
https://www.ncbi.nlm.nih.gov/pubmed/37083177
https://doi.org/10.1186/s13075-024-03396-5
https://www.ncbi.nlm.nih.gov/pubmed/39294672
https://www.ncbi.nlm.nih.gov/pubmed/40470553
https://doi.org/10.1002/acr.23189
https://doi.org/10.3390/biomedicines14081752

Biomedicines 2026, 14, 1752 12 of 12

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

Currado, D.; Berardicurti, O.; Saracino, F.; Trunfio, F.; Kun, L.; Marino, A.; Corberi, E.; Lamberti, L.; Ruscitti, P.; Liakouli, V.;
et al. The relationship between metabolic syndrome and pain catastrophizing in psoriatic arthritis. Rheumatol. Ther. 2025, 12,
581-592. [CrossRef] [PubMed]

Currado, D.; Trunfio, F.; Saracino, F.; Kun, L.; Marino, A.; Corberi, E.; Orlando, A.; Lamberti, L.; Frasca, L.; Gatti, M.; et al.
Patients with psoriatic arthritis and comorbid metabolic syndrome show a difficult-to-treat phenotype: Another mosaic tile in
the definition of a still undefined subset of patients. RMD Open 2025, 11, €005717. [CrossRef] [PubMed]

Caso, F.; Navarini, L.; Carubbi, F.; Picchianti-Diamanti, A.; Chimenti, M.S.; Tasso, M.; Currado, D.; Ruscitti, P.; Ciccozzi, M.;
Annarumma, A ; et al. Mediterranean diet and Psoriatic Arthritis activity: A multicenter cross-sectional study. Rheumatol. Int.
2020, 40, 951-958. [CrossRef] [PubMed]

Caso, F.; Chimenti, M.S.; Navarini, L.; Ruscitti, P.; Peluso, R.; Girolimetto, N.; Del Puente, A.; Giacomelli, R.; Scarpa, R.; Costa,
L. Metabolic Syndrome and psoriatic arthritis: Considerations for the clinician. Expert. Rev. Clin. Immunol. 2020, 16, 409-420.
[CrossRef] [PubMed]

Hassett, A.L.; Whibley, D.; Kratz, A.; Williams, D.A. Measures for the Assessment of Pain in Adults. Arthritis Care Res. 2020, 72,
342-357. [CrossRef]

Ramjeeawon, A.; Choy, E. Neuropathic-like pain in psoriatic arthritis: Evidence of abnormal pain processing. Clin. Rheumatol.
2019, 38, 3153-3159. [CrossRef] [PubMed]

Elsawy, N.A.; Helal, A.H.; Abd ElHamid, H.A.; Abdel-Fattah, Y.H. Fibromyalgia in patients with psoriatic arthritis: Impact on
disease activity indices, fatigue and health-related quality of life. Int. J. Rheum. Dis. 2021, 24, 189-196. [PubMed]

National Cholesterol Education Program (NCEP). ATP III guidelines. Circulation 2002, 106, 3143-3421. [PubMed]

Wolfe, F.; Clauw, D.].; Fitzcharles, M.-A.; Goldenberg, D.L.; Hauser, W.; Katz, R.L.; Mease, P.J.; Russell, A.S.; Russell, 1.].; Walitt, B.
2016 Revisions to the 2010/2011 fibromyalgia diagnostic criteria. Semin. Arthritis Rheum. 2016, 46, 319-329. [CrossRef] [PubMed]
Cleeland, C.S.; Ryan, K.M. Pain assessment: Global use of the Brief Pain Inventory. Ann. Acad. Med. Singap. 1994, 23, 129-138.
[PubMed]

Mayer, T.G.; Neblett, R.; Cohen, H.; Howard, K.J.; Choi, Y.H.; Williams, M.].; Perez, Y.; Gatchel, R.J. The development and
psychometric validation of the Central Sensitization Inventory. Pain. Pract. 2012, 12, 276-285. [CrossRef] [PubMed]
Freynhagen, R.; Baron, R.; Gockel, U.; Tolle, T.R. painDETECT: A new screening questionnaire to identify neuropathic compo-
nents in patients with back pain. Curr. Med. Res. Opin. 2006, 22, 1911-1920. [CrossRef] [PubMed]

Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361-370. [CrossRef]
[PubMed]

Fries, J.E.; Spitz, P.; Kraines, R.G.; Holman, H.R. Measurement of patient outcome in arthritis. Arthritis Rheum. 1980, 23, 137-145.
[CrossRef] [PubMed]

Herdman, M.; Gudex, C.; Lloyd, A.; Janssen, M.; Kind, P.; Parkin, D.; Bonsel, G.; Badia, X. Development and preliminary testing
of the new five-level version of EQ-5D (EQ-5D-5L). Qual. Life Res. 2011, 20, 1727-1736. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/biomedicines14081752


https://doi.org/10.1007/s40744-025-00758-6
https://www.ncbi.nlm.nih.gov/pubmed/40138100
https://doi.org/10.1136/rmdopen-2025-005717
https://www.ncbi.nlm.nih.gov/pubmed/40545272
https://doi.org/10.1007/s10067-020-05482-w
https://www.ncbi.nlm.nih.gov/pubmed/31605152
https://doi.org/10.1080/1744666x.2020.1740593
https://www.ncbi.nlm.nih.gov/pubmed/32149545
https://doi.org/10.1002/acr.24222
https://doi.org/10.1007/s10067-019-04656-5
https://www.ncbi.nlm.nih.gov/pubmed/31325065
https://www.ncbi.nlm.nih.gov/pubmed/33073935
https://www.ncbi.nlm.nih.gov/pubmed/12485966
https://doi.org/10.1016/j.semarthrit.2016.08.012
https://www.ncbi.nlm.nih.gov/pubmed/27916278
https://www.ncbi.nlm.nih.gov/pubmed/8080219
https://doi.org/10.1016/j.spinee.2012.08.105
https://www.ncbi.nlm.nih.gov/pubmed/21951710
https://doi.org/10.1185/030079906x132488
https://www.ncbi.nlm.nih.gov/pubmed/17022849
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://www.ncbi.nlm.nih.gov/pubmed/6880820
https://doi.org/10.1002/art.1780230202
https://www.ncbi.nlm.nih.gov/pubmed/7362664
https://doi.org/10.1007/s11136-011-9903-x
https://www.ncbi.nlm.nih.gov/pubmed/21479777
https://doi.org/10.3390/biomedicines14081752

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

