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ABSTRACT
Objective. To investigate the associa-
tion between rurality and an opera-
tional disease-severity classification in 
systemic lupus erythematosus (SLE), 
and its relationship with selected clini-
cal and social outcomes.
Methods. This retrospective multicen-
tre cohort included adults fulfilling the 
2019 EULAR/ACR SLE classification 
criteria and residing in Friuli Venezia 
Giulia, Italy. Disease severity was op-
erationally classified as mild, moderate 
or severe according to the most severe 
SLE-related manifestation documented 
during the disease course, adapting 
the clinical severity categories used 
in the 2019 EULAR management rec-
ommendations. Rurality was defined 
by distance from the referral centre, 
population density and residence in a 
mountainous municipality. A composite 
Rurality Score (0-3) was analysed as a 
continuous variable. Primary multivar-
iable models were adjusted for age at 
disease onset and sex; sensitivity analy-
ses additionally accounted for partici-
pating centre and disease duration.
Results. Among 428 patients (87.9% 
female; mean age at onset 37±16 
years), 32.9% met the operational se-
vere category. Each 1-point increase 
in Rurality Score was associated with 
higher odds of the severe category af-
ter adjustment for age at disease onset 
and sex (OR 1.35, 95% CI 1.01-1.81; 
p=0.042), and the association per-
sisted after additional adjustment for 
participating centre and disease du-
ration (OR 1.49, 95% CI 1.09-2.03; 

p=0.013). In secondary exploratory 
analyses, Rurality Score was associ-
ated with certified disability (OR 1.98, 
95% CI 1.20-3.25; p=0.007), based on 
23 events. Rurality Score was not sig-
nificantly associated with SLEDAI-2K 
at the last visit or with organ damage.
Conclusion. A higher composite Ru-
rality Score was associated with in-
creased odds of having experienced 
severe SLE manifestations during the 
disease course. An exploratory as-
sociation with certified disability was 
also observed, although event numbers 
were small. Geographic context may 
represent an additional contextual de-
terminant of disease burden in SLE.

Introduction
Systemic autoimmune diseases arise 
from a complex interplay between ge-
netic susceptibility and environmental 
influences (1, 2). While classical envi-
ronmental triggers, such as infections, 
ultraviolet radiation and pollutants, 
have long been investigated, increas-
ing attention has been directed toward 
structural and contextual determinants 
of health, including social and geo-
graphic factors influencing healthcare 
access and disease outcomes (3, 4). 
In rheumatic diseases, the environ-
ment can therefore be considered not 
only in terms of biological or chemical 
exposures, but also as the geographic 
and structural context in which patients 
access diagnosis, specialist care, treat-
ment and social support. Among these 
contextual factors, rurality is a multi-
dimensional construct encompassing 
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geographic isolation, service acces-
sibility, population density, and infra-
structure (5). Contemporary frame-
works emphasise that rural residence 
represents a cumulative exposure to 
structural constraints rather than a sim-
ple administrative classification (3, 5).
Studies in cardiovascular and oncolog-
ic conditions have documented rural-
urban differences in healthcare access 
and clinical outcomes, including mor-
tality and disease burden (6-9). Within 
rheumatology, access to specialist care 
is influenced by travel time and geo-
graphic distribution of providers (10), 
and greater disability and fragmented 
healthcare utilisation have been de-
scribed in rural patients with rheuma-
toid arthritis (11, 12). These findings 
suggest that rurality may act primarily 
through barriers to timely diagnosis 
and continuity of care.
Systemic lupus erythematosus (SLE) is 
a heterogeneous autoimmune disease 
characterised by marked variability in 
severity and long-term outcomes. Es-
tablished predictors of severe disease 
include younger age at onset and male 
sex (13), and socioeconomic disadvan-
tage has been linked to poorer prog-
nosis (14). However, the independent 
contribution of geographic context re-
mains insufficiently explored. Existing 
studies provide heterogeneous results: 
some report higher prevalence of SLE 
in urban areas (15), whereas others 
describe delayed diagnosis, reduced 
adherence and greater disease severity 
among rural patients (16-18). A recent 
systematic review highlighted major 
limitations in the field, including incon-
sistent definitions of rurality, limited 
control for socioeconomic confound-
ers, heterogeneous outcome meas-
ures, and scarce data from European 
healthcare systems (19). The authors 
emphasised the need for standardised 
rurality metrics and well-characterised 
regional cohorts within unified health-
care frameworks.
To date, no Italian study has specifical-
ly examined the relationship between 
rural residence and SLE severity. Italy 
presents marked territorial heteroge-
neity in terms of population density, 
mountainous geography, and distribu-
tion of specialist services. Friuli Ven-

ezia Giulia, characterised by extensive 
mountainous areas and a highly frag-
mented municipal distribution, repre-
sents a mixed urban-rural region within 
a coordinated hub-and-spoke rheuma-
tology network, providing a unique set-
ting to explore geographic gradients in 
a unified public healthcare system (20).
We hypothesised that increasing ru-
rality, conceptualised as a cumulative 
geospatial exposure rather than a bi-
nary urban-rural distinction, would be 
associated with a greater likelihood of 
having experienced severe SLE mani-
festations during the disease course 
and with increased social burden. Ac-
cordingly, we aimed to investigate the 
association between a multidimension-
al Rurality Score and an operational 
disease-severity classification, and to 
evaluate its relationship with clinical 
and social outcomes after adjustment 
for demographic factors.

Materials and methods
Study design and population
A retrospective observational study 
was conducted using a multicentre 
regional cohort of patients with SLE 
residing in Friuli Venezia Giulia, Ita-
ly. The regional healthcare system is 
organised through a hub-and-spoke 
network of rheumatology units, allow-
ing territory-wide patient capture. All 
consecutive adult patients (≥18 years) 
fulfilling the 2019 EULAR/ACR clas-
sification criteria for SLE (21) and fol-
lowed within the regional rheumatol-
ogy network were eligible. Data were 
extracted from institutional clinical 
databases updated through December 
2025. Patients with incomplete infor-
mation regarding the operational dis-
ease-severity classification or rurality 
indicators were excluded.

Rurality
Rurality was operationalised using 
three predefined geographic indicators 
designed to capture complementary di-
mensions of geographic isolation and 
territorial context. First, distance from 
the primary referral centre was calcu-
lated for each patient. The cohort mean 
distance was 22.6 km (SD 22.1 km), 
giving a mean-plus-one-SD value of 
44.7 km; this was rounded to a >45-km 

threshold to identify patients residing 
substantially farther from specialised 
care. Unlike the other two components, 
this distance threshold was internally 
derived from the study cohort and 
should therefore be regarded as cohort-
specific rather than an externally vali-
dated cut-off. Second, municipality-
level population density <150 inhab-
itants/km² was used, consistent with 
the Organisation for Economic Co-
operation and Development (OECD) 
territorial typology, which classifies 
local units with population density be-
low 150 inhabitants/km² as rural (22). 
Third, residence in a municipality clas-
sified as mountainous according to the 
official regional classification estab-
lished by Friuli Venezia Giulia Region-
al Law No. 33/2002 was included to 
capture geographic constraints related 
to mountainous terrain (23). Each indi-
cator was coded as binary (present/ab-
sent), and a composite Rurality Score 
(range 0-3) was calculated by summing 
the three components. For descriptive 
analyses, rurality was also examined 
categorically (0, 1, 2, 3), whereas in 
regression models it was analysed as a 
continuous variable to preserve statisti-
cal power and estimate the association 
per 1-point increase in the score.

Outcomes
The primary outcome was an opera-
tional disease-severity classification 
categorised as mild, moderate, or severe 
according to the most severe SLE-re-
lated manifestation documented during 
the disease course (Supplementary Ta-
ble S1). This classification was adapted 
from the clinical severity categories 
used in the 2019 EULAR recommen-
dations for SLE management (24) and 
was not treated as a formally validated 
longitudinal severity instrument. In this 
operational scheme, lupus nephritis was 
classified as severe. For regression anal-
yses, the outcome was dichotomised as 
severe versus mild-to-moderate disease. 
Secondary clinical outcomes included 
disease activity at the last visit, assessed 
by the Systemic Lupus Erythematosus 
Disease Activity Index 2000 (SLEDAI-
2K) (25), and cumulative organ dam-
age at the last visit, measured using 
the Systemic Lupus International Col-
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laborating Clinics/American College of 
Rheumatology Damage Index (SLICC/
ACR Damage Index, SDI) (26). Social 
outcomes included educational level, 
occupational status, and officially cer-
tified disability status according to na-
tional regulations and were considered 
secondary exploratory outcomes.

Statistics
Continuous variables were summa-
rised as mean ± standard deviation 
(SD) or median (interquartile range 
[IQR]), as appropriate. Categorical 
variables were presented as counts 
and percentages. Disease duration was 
calculated from the recorded diagno-
sis date to 31 December 2025, corre-
sponding to the end of the data-extrac-
tion period. Exploratory comparisons 
across Rurality Score categories used 
the Kruskal-Wallis test for continuous 
variables and the chi-square or Fisher-
Freeman-Halton exact test for categor-
ical variables, as appropriate; these p 
values were not adjusted for multiple 
comparisons. Pairwise associations 
among the three binary Rurality Score 

components were quantified using phi 
coefficients, with Pearson chi-square 
p values reported descriptively. Mul-
tivariable regression models evaluated 
the association between Rurality Score 
and clinical and social outcomes. Lo-
gistic regression models were used 
for binary outcomes, including: 1. the 
operational severe SLE category (se-
vere vs. mild-to-moderate disease); 
2. damage at last follow-up, defined 
as SDI >0; and 3. social outcomes 
(educational level, occupational status 
and certified disability status). Linear 
regression was used to analyse SLE-
DAI-2K at the last visit. Primary mod-
els included age at disease onset (per 
10-year increase) and sex (male vs. fe-
male) as covariates. Sensitivity analy-
ses for the primary severe-category 
outcome sequentially added partici-
pating centre and disease duration. A 
further complete-case sensitivity anal-
ysis additionally included educational 
level (high-school education or higher 
vs lower education); patients with un-
declared education were excluded. To 
assess dependence on the internally 

derived distance threshold, distance 
was also modelled as a continuous 
exposure per 10-km increase, with 
and without additional adjustment for 
centre and disease duration. Because 
certified disability was observed in 
only 23 patients, higher-dimensional 
sensitivity models were not fitted for 
that exploratory outcome to limit over-
parameterisation. Odds ratios (ORs) 
or regression coefficients (beta), as 
appropriate, with corresponding 95% 
confidence intervals (CIs), were re-
ported. A two-sided p value <0.05 was 
considered statistically significant. 
Analyses used a complete-case ap-
proach and were performed in Python 
(Python Software Foundation).

Ethics
The study was approved by the Aca-
demic Institutional Review Board. 
Given the retrospective observational 
nature of the study and the use of an-
onymised data, informed consent was 
waived. All procedures were conduct-
ed in accordance with the Declaration 
of Helsinki and its later amendments.

Table I. Characteristics of the study population according to Rurality Score.

Characteristic	 Overall	 Score 0	 Score 1	 Score 2	 Score 3
	 (N=428)	 (n=285)	 (n=108)	 (n=28)	 (n=7)

Demographic characteristics					   
Female sex, n/N (%)	 376/428 	 (87.9%)	 253/285 	(88.8%)	 94/108 	(87.0%)	 23/28 	(82.1%)	 6/7 	(85.7%)
Caucasian ethnicity, n/N (%)	 399/428 	 (93.2%)	 261/285 	(91.6%)	 104/108 	(96.3%)	 27/28 	(96.4%)	 7/7 	(100.0%)
Age at disease onset, years, mean ± SD	 37.4 ± 15.6	 38.9 ± 15.8	 34.4 ± 14.7	 35.2 ± 14.1	 32.0 ± 21.4
Operational disease-severity category	 				  
Mild, n/N (%)	 195/428 	 (45.6%)	 136/285 	(47.7%)	 48/108 	(44.4%)	 8/28 	(28.6%)	 3/7 	(42.9%)
Moderate, n/N (%)	 92/428 	 (21.5%)	 65/285 	(22.8%)	 22/108 	(20.4%)	 4/28 	(14.3%)	 1/7 	(14.3%)
Severe, n/N (%)	 141/428 	 (32.9%)	 84/285 	(29.5%)	 38/108 	(35.2%)	 16/28 	(57.1%)	 3/7 	(42.9%)
Disease activity and damage					   
SLEDAI-2K at last visit, median (IQR)	 1.0 	 (0.0–3.0)	 1.0 	(0.0–3.0)	 1.0 	(0.0–3.0)	 2.0 	(0.0–4.0)	 2.0	 (1.0–2.0)
SLICC/ACR Damage Index, median (IQR)	 0.0 	 (0.0–1.0)	 0.0 	(0.0–1.0)	 0.0 	(0.0–1.0)	 0.0 	(0.0–1.0)	 1.0 	(0.0–1.0)
SLICC/ACR Damage Index >0, n/N (%)	 166/428 	 (38.8%)	 107/285 	(37.5%)	 43/108	 (39.8%)	 12/28 	(42.9%)	 4/7 	(57.1%)
Social characteristics					   
High school education or higher, n/N (%)	 222/327 	 (67.9%)	 143/215 	(66.5%)	 63/86 	(73.3%)	 13/20 	(65.0%)	 3/6 	(50.0%)
Employed, n/N (%)	 189/349 	 (54.2%)	 120/230 	(52.2%)	 53/89 	(59.6%)	 13/23 	(56.5%)	 3/7 	(42.9%)
Certified disability, n/N (%)	 23/428 	 (5.4%)	 11/285 	(3.9%)	 8/108 	(7.4%)	 2/28 	(7.1%)	 2/7 	(28.6%)
Components of the Rurality Score					   
Distance from referral centre >45 km, n/N (%)	 62/428 	 (14.5%)	 0/285 	(0.0%)	 42/108 	(38.9%)	 13/28 	(46.4%)	 7/7 	(100.0%)
Population density <150 inhabitants/km², n/N (%)	 91/428 	 (21.3%)	 0/285 	(0.0%)	 59/108 	(54.6%)	 25/28 	(89.3%)	 7/7 	(100.0%)
Residence in a mountainous municipality, n/N (%)	 32/428 	 (7.5%)	 0/285 	(0.0%)	 7/108 	(6.5%)	 18/28 	(64.3%)	 7/7 	(100.0%)

Data are presented as n/N (%) unless otherwise indicated. Disease duration was calculated from the recorded diagnosis date to 31 December 2025. High-
school education or higher includes diploma, university degree and postgraduate/master education; patients with undeclared education were excluded 
from the denominator. Employed includes employees, self-employed professionals and manual workers; patients with undeclared employment status were 
excluded from the denominator. Certified disability corresponds to the dedicated disability category recorded in the database. Rurality Score ranges from 
0 to 3 and is the sum of distance >45 km from the referral centre, population density <150 inhabitants/km², and residence in a mountainous municipality. 
IQR: interquartile range; SD: standard deviation; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC/ACR: Systemic Lupus 
International Collaborating Clinics/American College of Rheumatology.
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Results
Patient characteristics
A total of 428 patients with SLE were 
included in the analysis. The majority 
were female (87.9%), and the mean age 
at disease onset was 37±16 years. Me-
dian disease duration was 20.0 years 
(IQR 13.0-26.6). Disease duration dif-
fered across Rurality Score categories 
(Kruskal-Wallis p=0.018), although 
the pattern was not monotonic: median 
values were 19.0, 22.0, 13.0, and 22.6 
years for scores 0, 1, 2, and 3, respec-
tively. Overall, 141 patients (32.9%) 
met the operational severe category, 
92 (21.5%) the moderate category 
and 195 (45.6%) the mild category. 
Based on the composite Rurality Score 
(range 0–3), 285 patients (66.6%) had 
a score of 0, 108 (25.2%) a score of 1, 
28 (6.5%) a score of 2, and 7 (1.6%) a 
score of 3. Baseline demographic and 
clinical characteristics according to 
Rurality Score are summarised in Ta-
ble I, while exploratory comparisons 
across score categories are reported 
in Supplementary Table S2. Pairwise 
associations among the three Rurality 
Score components were weak to mod-
erate (phi=0.06 for distance and low 
population density, 0.14 for distance 
and mountainous residence, and 0.33 
for low population density and moun-
tainous residence) (Supplementary Ta-
ble S3), indicating partial overlap with-
out complete redundancy.

Rurality and disease severity
The proportion of patients meeting 
the operational severe category dif-
fered across Rurality Score categories: 
29.5% among patients with a score of 
0, 35.2% with a score of 1, 57.1% with 
a score of 2, and 42.9% with a score of 
3 (χ² test, p=0.023) (Fig. 1). In primary 
multivariable logistic regression analy-
sis, each 1-point increase in Rurality 
Score was associated with higher odds 
of the severe category after adjustment 
for age at disease onset and sex (OR 
1.35, 95% CI 1.01–1.81; p=0.042). 
Younger age at disease onset (per 10-
year increase: OR 0.74, 95% CI 0.64–
0.86; p<0.001) and male sex (male vs. 
female: OR 3.15, 95% CI 1.69–5.90; 
p<0.001) were also associated with the 
severe category (Table II).

Fig. 1. Proportion of patients meeting the operational severe SLE category across Rurality Score 
categories.
Bars represent the proportion of patients meeting the operational severe SLE category; error bars indi-
cate 95% confidence intervals. Values above the bars indicate n/N and the corresponding percentage.

Table II. Multivariable logistic regression analysis of factors associated with the opera-
tional severe SLE category.

Variable	 Adjusted OR	 95% CI	 p-value

Rurality Score, per 1-point increase	 1.35	 1.01–1.81	 0.042
Age at disease onset, per 10-year increase	 0.74	 0.64–0.86	 <0.001
Male sex	 3.15	 1.69–5.90	 <0.001

The operational severe SLE category was defined according to the most severe SLE-related clinical 
manifestation documented during the disease course, using a classification adapted from the clinical 
severity categories in the 2019 EULAR management recommendations (24). Rurality Score was ana-
lysed as a continuous variable. 
OR: odds ratio; CI: confidence interval.

Table III. Association of Rurality Score with clinical and secondary exploratory social 
outcomes in multivariable regression analyses.

Outcome	 Effect-estimate per 1-point 	 95% CI	 p-value
	 increase in Rurality Score	

SLEDAI-2K at last visit	 β 0.27	 −0.11 to 0.66	 0.16
SDI >0	 OR 1.17	 0.88–1.56	 0.27
Certified disability	 OR 1.98	 1.20–3.25	 0.007
Educational level	 OR 0.88	 0.62–1.26	 0.50
Employment status	 OR 0.88	 0.63–1.23	 0.44

All models were adjusted for age at disease onset (per 10-year increase) and sex. β denotes the re-
gression coefficient from linear regression; Rurality Score was analysed as a continuous variable. 
Social-outcome models were secondary and exploratory; the certified-disability model was based on 
23 events.
OR: odds ratio; CI: confidence interval.
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Sensitivity analyses
Adjustment for participating centre did 
not attenuate the association between 
Rurality Score and the severe category 
(OR 1.48, 95% CI 1.08-2.02; p=0.015). 
After further adjustment for disease du-
ration, the estimate remained similar 
(OR 1.49, 95% CI 1.09-2.03; p=0.013); 
disease duration itself was not indepen-
dently associated with the severe cat-
egory in this model (OR 1.01 per year, 
95% CI 0.99-1.03; p=0.46). Among the 
327 patients with non-missing educa-
tion data, the age/sex-adjusted Rural-
ity Score estimate was OR 1.29 (95% 
CI 0.92-1.79; p=0.136), whereas the 
model additionally including centre, 
disease duration and educational level 
yielded OR 1.51 (95% CI 1.04-2.19; 
p=0.030). Educational level was not in-
dependently associated with the severe 
category in that model (OR 0.81, 95% 
CI 0.46-1.41; p=0.45). When distance 
was analysed as a continuous exposure, 
no significant linear association was 
observed: OR 1.06 per 10-km increase 
(95% CI 0.97-1.16; p=0.216) in the age/
sex-adjusted model and OR 1.07 (95% 
CI 0.97-1.19; p=0.182) after additional 
adjustment for centre and disease dura-
tion (Supplementary Table S4).

Rurality, disease activity at the last 
visit and damage
In adjusted linear regression analysis, 
Rurality Score was not significantly 
associated with disease activity at the 
last visit measured by the SLEDAI-
2K (beta 0.27, 95% CI -0.11 to 0.66; 
p=0.16). Older age at disease onset was 
associated with lower SLEDAI-2K 
scores (beta -0.20 per 10-year increase, 
95% CI -0.37 to -0.03; p=0.023), 
whereas sex was not significantly as-
sociated with disease activity at the last 
visit. Similarly, Rurality Score was not 
significantly associated with the pres-
ence of organ damage (SDI >0) after 
adjustment for age at disease onset 
and sex (OR 1.17, 95% CI 0.88-1.56; 
p=0.27) (Table III).

Rurality and social outcomes
In secondary exploratory analyses, 
each 1-point increase in Rurality Score 
was associated with higher odds of cer-
tified disability after adjustment for age 

at disease onset and sex (OR 1.98, 95% 
CI 1.20–3.25; p=0.007). This estimate 
was based on 23 disability events and 
should therefore be interpreted cau-
tiously. No significant associations 
were observed between Rurality Score 
and educational level (OR 0.88, 95% 
CI 0.62–1.26; p=0.50) or employment 
status (OR 0.88, 95% CI 0.63–1.23; 
p=0.44) (Table III).
Overall, a higher Rurality Score was 
associated with the operational severe 
SLE category, but not with current 
disease activity or cumulative organ 
damage. A secondary exploratory asso-
ciation with certified disability was also 
observed.

Discussion
In this regional multicentre cohort of 
428 patients with SLE, a higher Rural-
ity Score was associated with higher 
odds of meeting the operational severe 
disease category after adjustment for 
age at disease onset and sex (OR 1.35, 
95% CI 1.01-1.81; p=0.042). The esti-
mate was modest and its lower confi-
dence bound approached the null. Im-
portantly, however, the association was 
not attenuated in sensitivity analyses 
that additionally adjusted for partici-
pating centre and disease duration (OR 
1.49, 95% CI 1.09-2.03; p=0.013). Be-
cause the endpoint was based on the 
most severe SLE-related manifesta-
tion documented at any time during the 
disease course, it reflects a historical 
clinical phenotype rather than current 
inflammatory activity and should not 
be interpreted as evidence of a causal 
biological effect of rural residence. The 
absence of an association with either 
SLEDAI-2K at the last visit or cumula-
tive SDI damage is an important coun-
terpoint to the primary finding. One 
possible explanation is that geographic 
barriers exert a greater influence earlier 
in the disease pathway through delayed 
diagnosis, reduced monitoring intensi-
ty, or disruptions in continuity of care; 
these mechanisms were not directly 
assessed in the present study. Another 
possibility is that rurality is associated 
with the probability of experiencing or 
having particular severe manifestations 
recorded, rather than with a globally 
more aggressive biological SLE phe-

notype. The present data cannot distin-
guish among these explanations, and 
they do not support a causal interpreta-
tion that rural residence itself produces 
biologically more severe lupus.
The Rurality Score was intended to 
capture several related but non-identi-
cal dimensions of geographic context. 
Pairwise associations among its com-
ponents were weak to moderate (phi co-
efficients 0.06-0.33), with the strongest 
overlap between low population densi-
ty and mountainous residence, support-
ing partial complementarity rather than 
complete independence. The >45-km 
criterion warrants particular caution 
because it was derived internally from 
the cohort distribution (mean plus one 
SD was 44.7 km), whereas the popula-
tion-density and mountainous-munic-
ipality criteria were based on external 
definitions. In a sensitivity analysis, 
distance modelled continuously was 
not significantly associated with the 
severe category (OR 1.06 per 10 km, 
95% CI 0.97-1.16), suggesting that the 
association observed for the composite 
score should not be reduced to a simple 
linear distance gradient. The composite 
score has not been externally validated 
and requires assessment in other terri-
torial and healthcare settings.
These findings are consistent with a 
broader literature highlighting the rel-
evance of structural, geographic and 
social factors in shaping healthcare ac-
cess and outcomes in chronic and au-
toimmune diseases (10, 12, 18). Rural 
residence has been associated with dis-
parities in access to healthcare and ad-
verse outcomes across several chronic 
conditions (6-8). Within rheumatology, 
geographic barriers to specialist care 
and differences in healthcare utilisa-
tion have also been described among 
patients living in rural and remote areas 
(16, 17). Our study addresses several of 
the methodological gaps highlighted in 
the recent systematic review by Ohta 
et al. (19), particularly the need for 
multidimensional and clearly defined 
measures of rurality and for data from 
underrepresented European healthcare 
settings.
The association between rurality and 
certified disability further supports the 
relevance of contextual factors beyond 
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conventional biomedical measures. 
Only 23 patients had a recorded dis-
ability certification, and the highest 
observed proportion occurred in the 
score-3 group, which contained only 
seven patients. Although the finding 
may reflect social and functional di-
mensions of disease burden not cap-
tured by SLEDAI-2K or SDI, sparse 
events limit precision and preclude 
giving this secondary outcome the 
same evidential weight as the primary 
disease-severity analysis. 
This study has several limitations. 
The retrospective observational de-
sign does not permit causal inference 
and may be affected by confound-
ing, including socioeconomic factors, 
healthcare utilisation, diagnostic delay, 
treatment exposure and other variables 
not captured in the database. Participat-
ing centre differed significantly across 
Rurality Score categories; however, 
adjustment for centre did not attenuate 
the primary association. Although all 
hub-and-spoke rheumatology centres 
in Friuli Venezia Giulia were included, 
undiagnosed patients or those not re-
ferred to specialist care may have been 
missed. Educational level was avail-
able for 327 patients; the complete-
case analyses therefore had reduced 
precision and should be interpreted in 
light of missing values. The disability 
analysis was based on only 23 events, 
so the corresponding estimate should 
be interpreted cautiously. Finally, the 
Rurality Score itself is not externally 
validated and the internally derived 
distance threshold may limit generalis-
ability. 
The study also has several strengths. 
To our knowledge, this is the first Ital-
ian study specifically examining the 
association between rurality and SLE 
severity. It includes a multicentre re-
gional cohort, an understudied Euro-
pean setting within a coordinated pub-
lic healthcare network, and an explicit 
multidimensional approach to rural-
ity. Younger age at onset and male sex 
were associated with the operational 
severe category, consistent with previ-
ous literature (13, 28, 29). 
In conclusion, a higher composite Ru-
rality Score was associated with in-
creased odds of having experienced 

severe SLE manifestations during the 
disease course, and this association 
remained in sensitivity analyses ac-
counting for participating centre and 
disease duration. Current disease activ-
ity and cumulative organ damage were 
not associated with rurality, suggesting 
that geographic context may capture 
aspects of disease burden not fully re-
flected by conventional clinical meas-
ures. These findings support further 
study of geographic context as a po-
tential contextual determinant of SLE 
burden, with external validation of the 
Rurality Score and prospective assess-
ment of access-to-care mechanisms.
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