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Abstract

This study examines the influence of pharmacological treatments on foot functionality in patients with rheumatoid
arthritis over a five-year period. A longitudinal analysis categorized patients into different treatment groups,
assessing their foot function using the Foot Function Index (FFI) at the start and end of the study. The groups

are based on their pharmacological treatment. Pharmacological treatment groups were categorized into: |
methotrexate (MTX), Il MTX plus biological treatments (including all variables), lll biological treatment alone, and

IV a miscellaneous group comprising patients with diverse treatments, including patients for whom various drugs
had failed or who had not achieved remission with pharmacological treatment. The study included 206 RA patients
with an average age of 58.32 years and a disease evolution of 15.28 years. The analysis of the FFI in total and across
its domains of pain, disability, and activity revealed significant differences only in the pain domain (p=0.011), with
a trend toward worsening over time observed in the other domains. Notably, MTX treatment showed improvement
in the pain domain (decreasing from 45.76 in 2018 to 40.43 in 2023). Findings suggest that while pharmacological
treatments are essential in managing rheumatoid arthritis, their impact on foot function is limited, with MTX
demonstrating the most significant benefit in terms of pain reduction.

Keywords Pharmacological treatments, Foot function, Rheumatoid arthritis

*Correspondence:

Laura Ramos-Petersen

lauraramos.94@uma.es

'Department of Nursing and Podiatry, Faculty of Health Sciences,
University of Malaga, Arquitecto Francisco Pefalosa 3, Ampliacion de
Campus de Teatinos, Malaga 29071, Spain

’Department of Podiatry, Faculty of Health Sciences, Universidad Catolica
San Antonio de Murcia, Campus de Los Jerénimos, Murcia, Spain

3|BIMA Research Platform BIONAND, Malaga, Spain

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s41927-025-00495-x&domain=pdf&date_stamp=2025-4-15

Gamez-Guijarro et al. BMC Rheumatology (2025) 9:43

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune
disease characterized by persistent inflammation and
progressive joint deterioration, significantly affecting
patients’ quality of life. Its hallmark symptoms include
joint pain and stiftness, leading to limitations in daily life
activities [1, 2]. RA typically presents as symmetric poly-
arthritis with a gradual onset and progressive evolution,
resulting in irreversible structural and functional deterio-
ration [3], with anatomical deformity paralleling disease
progression [2]. The disease predominantly affects the
hands and feet. Not only this, but it also leads to a reduc-
tion in quality of life [4], functional ability [5] and self-
care [6], as well as causing gait alterations [7].

Early RA frequently manifests with distinctive foot
joint involvement and pain, which continue with the dis-
ease progression [8], leading to significant physical and
psychosocial impairment [9]. Up to 90% of patients expe-
rience foot involvement, with the metatarsophalangeal
and proximal interphalangeal joints being most com-
monly affected [10, 11], exhibiting deformities such as
Hallux Abductus Valgus (HAV) and claw toes [12]. The
midfoot, though less studied, is associated with advanced
disease stages and decreased longitudinal arch height
[10]. The hindfoot presents valgus deviation [13] and a
high incidence of tibiofibular talus joint involvement are
noted both at diagnosis and in long-term disease [11].

The wuse of disease-modifying rheumatic drugs
(DMARDs) as part of treatment such as methotrex-
ate (MTX), includes synthetic drugs aimed at control-
ling inflammation and also includes biological agents
designed to halt the autoimmune response [14]. Initiat-
ing treatment in the early stages is crucial, with the thera-
peutic strategy focusing on tight control of inflammation
and disease activity (treat to target). Treatment can be
independent or combined, with first-line therapies rec-
ommended by international guidelines such as European
Alliance of Associations for Rheumatology (EULAR) and
American College of Rheumatology (ACR). However,
treatment should still be tailored to the clinical presenta-
tion of the patient and disease progression [15].

Treatment focused solely on inflammation is insuf-
ficient to prevent bone deterioration; however, targeted
therapies (P DMARDs) aiming to inhibit key immune
system components have shown clinical improvement
and slowed bone erosion in patients [16]. It is essential to
point out that not all patients exhibit significant clinical
response, and these treatments do not provide a defini-
tive solution for RA [17]. Adjuvant treatments include
corticosteroids, with ongoing debate regarding their
potential role in promoting [18] or preventing osteoporo-
sis in RA patients [19]. In addition, non-pharmacological
therapies are used, such as physiotherapy [20], physical
exercise [21], psychological interventions [22], and foot
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orthoses [23], which are employed to address anatomical
regions and clinical manifestations of RA.

To our knowledge, the impact of RA pharmacological
treatments on foot function has not been evaluated. This
novel article addresses this gap, offering new insights
into the relationship between existing therapies and foot
function, enhancing our understanding of the disease,
and suggesting potential benefits for the functional ability
of the patients. This study builds on previous research by
shifting the focus from overall disease progression to the
specific impact of pharmacological treatments on foot
function in RA. While prior studies have examined joint
deterioration and treatment efficacy, few have explored
their long-term effects on foot mechanics. By addressing
this gap, this research provides a more comprehensive
perspective on RA management. The aim of our study
was to explore foot function in patients with RA in terms
of different pharmacological treatments received over a
five-year period.

Methods

Patients and study design

This longitudinal study was conducted during two dis-
tinct data collection periods: from January 15 to June
15 in 2018, and from March 15 to July 15 in 2023. The
research was centered at the Rheumatology Service of
the University Hospital Virgen de las Nieves in Granada,
Spain. In 2018, an observational cohort study included
246 patients diagnosed with RA following the 2010
classification criteria endorsed by the American Col-
lege of Rheumatology and the European League Against
Rheumatism. By 2023, 206 of these participants were
re-evaluated.

In 2023, patients who declined to participate, had
physical impairments that prevented walking, cogni-
tive impairment, underwent foot or ankle surgery after
June 2018 or died were excluded. Additional exclusions
in 2018 covered people with comorbid musculoskeletal
or neurological conditions and endocrine disorders such
as diabetes mellitus. The Rheumatology Service team
provided all eligible patients with detailed study infor-
mation and obtained written informed consent prior to
inclusion.

This study was conducted in compliance with the Dec-
laration of Helsinki and authorization obtained by the
ethical committees of the University of Malaga under
the CEUMA-91 protocol (CEUMA-91-2015-H) and
the Andalusian Health Service (PEIBA: ARC0001). The
Rheumatology Service team provided all eligible patients
with detailed study information and obtained written
informed consent prior to inclusion.
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Data collection

Demographic and clinical data, including age, gender,
disease duration, and current therapy, were collected.
The Spanish version of the Foot Function Index (FFI-Sp)
[24], was employed to evaluate pain, functionality, and
physical activity on a 0-100 scale, where lower scores
denote better outcomes. Additionally, Visual Analogue
Scales (VAS) for general and foot-specific pain [25] were
utilized for correlation analyses.

Each study group consisted of patients who main-
tained treatment from 2018 to 2023, pharmacologi-
cal treatments were classified into four categories: (I)
methotrexate (MTX), (I) MTX combined with biologi-
cal treatments (MTX +Bio), (III) biological treatments
alone (Bio), and (IV) a miscellaneous pharmacological
treatment that did not fit into any of the defined groups.
In the case of Bio and MTX +Bio, changes of biologi-
cal drug were accepted, (because it was not efficient or
serious adverse effects), therefore, they remained in the
same defined treatment group. Patients with MTX and
MTX +Bio who had no modification in terms of their
conventional DMARDs remained in the same group.
If any patient underwent changes in their conventional
DMARD:s, they were moved to the group miscellaneous.
A participant with MTX who had a combination with
another conventional DMARDs has not been identified.
Corticosteroid use, common across all groups during dis-
ease exacerbations, was not treated as an independent
category. Changes in body mass index (BMI), Foot Pos-
ture Index (FPI), and Disease Activity Score (DAS-28)
between 2018 and 2023 were also examined as potential
confounding variables.

Procedure

Clinical assessments were conducted in a dedicated space
by two independent researchers (A.R.C. and M.G.G.),
who ensured standardized administration of the FFI-
Sp which demonstrated high inter-rater reliability (ICC
0,85 to 0,97) and other tools. Participants’ pharmaco-
logical treatments and health status changes over the
study period were recorded to contextualize the clinical
findings.

Statistical analysis
Descriptive statistics were applied to summarize the

characteristics of the sample, with normality verification

Table 2 Description of groups, gender, age and pain
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Table 1 The distribution of patients by disease activity levels in
2018 and 2023

Activity level 2018 (%) 2023 (%)
Remission 68.93% 46.60%
Low 11.65% 17.48%
Moderate 16.50% 30.10%
High 291% 5.83%

using the Kolmogorov-Smirnov test. ANCOVA was con-
ducted to compare groups at different time points, con-
trolling for baseline values.

Changes over time were analyzed using paired t-tests,
while one-way ANOVA and Chi-square tests examined
baseline group differences. A mixed-model ANOVA
assessed treatment effects, incorporating post hoc Bon-
ferroni corrections to minimize Type I errors. SPSS v.26
was used for all statistical analyses, with a significance
threshold of p <0.05.

Results

The study included 206 patients (75.43% women and
24.27% men) with a mean age of 58.32 years (SD =12.43)
and a mean disease duration of 15.28 years (SD=10.38).
The BMI was 2721 (SD=5.9) in 2018 and 26.68
(SD =5.54) in 2023, with no statistically significant differ-
ences between time points (p=0.106). The mean DAS28
score showed an overall increase from 2.15 in 2018 to
2.66 in 2023, suggesting a trend toward worsening dis-
ease activity over time (Tables 1 and 2).

When analysing these results by treatment group,
a decrease in remission rates was observed across all
groups, with a corresponding increase in moderate and
high disease activity levels, particularly in Groups Bio
and miscellaneous where moderate activity increased
from 7.4% to 22.22% in 2018 to 45.45% and 43.18% in
2023, respectively (Table 3).

These findings indicate a decline in remission rates
across all treatment groups, with an increase in moderate
and high disease activity over time, particularly in bio-
logic or combination therapy groups.

The analysis of the FFI from 2018 to 2023 revealed sig-
nificant changes exclusively in the pain domain within
the MTX group (from 45.76 in 2018 to 40.43 in 2023,
p=0.011). However, the disability and activity domains
demonstrated a trend toward deterioration, albeit with-
out statistical significance (Table 4).

Gender (women/men) Age (2018) VAS-general (2018) VAS-foot (2018) VAS-general (2023) VAS-foot (2023)
MTX (n=42) 80/20% 60.7+13.03  46+299 39+3.07 562+34 581+3.1
Bio (h=115) 85.71/14.29% 53641111 571177 4794246 5.18+2.89 6+24
MTX+Bio (n=33) 67.65/32.35% 55.09+1237 4534233 3914275 559+2.96 4.12+249
Miscellaneous (n=16)  77.78/22.22% 57.73+885 58+252 52+3.03 643+2.55 6.38+2.50

VAS: Visual Analogue Scales; MTX: Methotrexate: Bio: Biological
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Table 3 DAS28 scores and disease activity levels by treatment group in 2018 and 2023

Group DAS28 Remission Low Moderate High DAS28 Remission Low 2023 Moderate High

2018 2018 (%) 2018 2018 (%) 2018 2023 2023 (%) (%) 2023 (%) 2023
(%) (%) (%)

MTX (n=42) 1.72 90% 10% 0% 0% 246 50% 25% 18.75% 6.25%

Bio (n=115) 1.71 92.86% 0% 74% 0% 277 4545% 9.09% 45.45% 0%

MTX+Bio (n=33) 2.1 73.53% 5.88% 17.65% 2.94% 2.1 75% 12.5% 12.5% 0%

Miscellaneous (n=16) 24 53.33% 20% 22.22% 4.44% 3.1 25% 20.45% 43.18% 11.36%

DAS: Disease Activity Score; MTX: Methotrexate: Bio: Biological

Table 4 Comparison of foot function index scores by treatment group in 2018 and 2023

FFl score MTX (n=42) Bio (n— 115) MTX+Bio (n=33) Miscellaneous (n=16) p-value

Total FFI (2018) 4216 (24.1) 68 (28) 37.58(24.9) 3859 (222) 0.077

Total FFI (2023) 41.1(22.7) 47.13(26.1) 4397 (233) 5296 (20.3)

FFl Pain (2018) 45.76 (22.9) 48 (26.7) 40.09 (25.07) 39.19(21.7) 0.011

FFI Pain (2023) 4043 (20.8) 4720 (26.7) 48.55(20.1) 50.81(19.9)

FFI Disability (2018) 4279 (27.4) 43 (30.2) 37.67 (274) 42 (26.1) 0.301

FFI Disability (2023) 37(25.8) 4243 (27.2) 38.15(27.9) 51.06 (21.8)

FFI Activity (2018) 84399 11.9(13.7) 8.67(94) 7.56 (8.9) 0.077

FFI Activity (2023) 11.12(11.8) 1243 (10.9) 10.3(9.8) 16.63 (12.4)

FFI: Foot Function Index; MTX: Methotrexate; Bio: Biological
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Fig. 1 Comparative analysis violin plot of foot function index and domains changes by pharmacological treatment categories in rheumatoid arthritis

patients, 2018 vs. 2023

These findings suggest that MTX monotherapy was
associated with a statistically significant reduction in
pain, whereas biologic and combination therapies dem-
onstrated a trend toward worsening in this domain. No
significant differences were found in disability or activity
domains.

Figure 1 represents the distribution of the FFI in 2018
and 2023 across four different treatment groups: MTX,
Bio, a combination of both MTX+Bio, and a miscel-
laneous group. The violin plots illustrate the variabil-
ity and distribution of FFI values within each treatment
group, while individual dots represent the values of indi-
vidual patients. The black dots within each violin plot
indicate the mean FFI for each treatment group, with
error bars representing+1 SD. In 2018, the distribution

of FFI was more variable across all treatment groups,
whereas in 2023, a more homogeneous pattern emerged.
The MTX + Bio group showed a noticeable reduction in
FFI variance, suggesting a potential stabilization in foot
function over time. The Bio and MTX groups exhibited
relatively consistent FFI scores between both time points,
while the miscellaneous group showed a broader distri-
bution in 2023.

These findings suggest that treatment type may influ-
ence foot function over time, with combined therapies
potentially leading to greater stabilization. Further statis-
tical analysis is required to determine the significance of
these trends.
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Discussion

The primary objective of this study was to investigate
foot function in patients with RA based on the adminis-
tered treatments over a five-year period.

The FFI scores and its sub-levels observed in the pres-
ent study cohort align with those reported by Inoue E.
et al,, reporting an increase in FFI associated with age
and disease activity level [26]. Schneider W. et al. (2016)
found that both the total FFI and its subscales for pain
and disability showed a non-uniform increase with age,
marginally higher in females, in a healthy population
[27]. Compared to these studies, the findings presented
in this study did not show significant changes related to
age, disease activity, or gender.

Current RA treatment protocols inadequately assess
foot joints because standard disease activity measures,
like DAS-28, exclude them, despite their high involve-
ment in RA. Clinical assessments and imaging primar-
ily focus on larger joints, overlooking foot-related pain,
deformities, and mobility issues. Additionally, the lack of
foot-specific outcome measures and historical underrep-
resentation in research contribute to incomplete evalu-
ations, limiting the effectiveness of treatment strategies.
Integrating foot assessments into RA management is
essential for a more comprehensive understanding of dis-
ease impact and patient care.

The presented results indicated that pharmacological
treatments do not improve or maintain foot function,
showing higher overall FFI scores and sub-levels. MTX
was the only treatment exhibiting a non-statistically sig-
nificant decrease in its values compared to the rest of the
treatments, which saw increases across all levels.

Combined treatments (MTX+Bio) demonstrated
lower values than monotherapy treatments in both 2018
and 2023, except in the FFI pain sub-level, where they
showed similar values. The increase from 2018 to 2023 in
this group was greater than in the monotherapy groups.

Combined pharmacological treatments are posited to
facilitate more rapid and effective achievement of dis-
ease remission, enhancing the overall treatment efficacy.
However, achieving remission, as denoted by a score of
DAS28 on the designated scale, does not singularly dic-
tate the progression or mitigation of foot function loss
[28]. This is a crucial consideration, as foot function sig-
nificantly impacts patient mobility and quality of life.
Notably, current methods for assessing disease activity
often overlook the involvement of foot joints. This over-
sight introduces a significant bias in our understanding
and evaluation of treatment outcomes. The exclusion of
foot joints from activity assessments could obscure the
full impact of the disease on patient mobility and under-
represent the benefits of treatments that might spe-
cifically improve foot function. Consequently, there is a
pressing need for the integration of comprehensive foot
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joint evaluations into disease activity assessment proto-
cols to ensure a holistic understanding of treatment effi-
cacy and patient well-being. This approach would enable
a more nuanced assessment of therapeutic outcomes,
highlighting the importance of targeting both disease
remission and the preservation of foot function to opti-
mize patient care strategies.

Patients categorized within the miscellaneous group,
which encapsulates those subjected to a variety of treat-
ments owing to unsuccessful drug therapies or challenges
in identifying a pharmacological approach that effectively
induces remission, consistently reported the highest FFI
values. The experiences of this group are particularly
telling, illustrating not just a numerical increase in FFI
scores but a significant escalation in functional impair-
ment over a span of five years. This trend underscores the
profound impact of treatment failures on patient well-
being, both physically and psychologically.

This leads to a substantial decline in their quality of
life. Chronic pain and physical limitations not only hin-
der daily activities but also lead to higher levels of fatigue,
depression, and anxiety, further diminishing overall well-
being [29]. Additionally, unrelieved foot-related disability
exacerbates gait abnormalities, increasing the risk of falls
and further restricting physical activity, which contrib-
utes to social isolation and reduced participation in work
and leisure activities [30]. These factors highlight the
urgent need for personalized treatment approaches that
address both the physical and emotional challenges faced
by RA patients with persistent disease activity.

The difficulties encountered in this patient subset
highlight the complexities of managing RA, where a
one-size-fits-all treatment strategy is often inadequate.
A comprehensive study by Conigliaro et al. explores
the multifaceted repercussions of failed pharmacologi-
cal treatments on patients with RA, providing insightful
data on the escalation of FFI scores in relation to treat-
ment efficacy and patient-reported outcomes. This work
corroborates the critical need for personalized treatment
plans that go beyond achieving remission to address
the comprehensive functional and emotional needs of
patients [31].

Longitudinal studies examining RA treatment in rela-
tion to osteoarticular deterioration progression, such as
the study by Levitsky A. et al. (2015), found that patients
responding to combined treatments (MTX + Bio) had less
radiographic progression than monotherapy patients at
two and five years, suggesting long-term benefits of com-
bined therapy [32]. Unlike monotherapies, combined
treatments (MTX +Bio) initiated at disease diagnosis
lead to remission and halt joint damage more quickly.
However, these treatments presented an impact in the
short-term joint deterioration without necessarily affect-
ing pain and function levels.
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The results from the present study differ, showing that
long-term foot function deterioration in the combined
treatment group (MTX + Bio) equals that of disability and
physical activity levels in monotherapy treatments and is
significantly worse compared to MTX alone [28, 33].

Osteoarticular damage in RA contributes to deformity,
directly linked to increased pain and foot function dete-
rioration [34, 35]. Otter SJ. et al. concluded that foot pain
in RA patients is associated with disease duration, stiff-
ness, and numbness, with treatment and age not signifi-
cantly related [30].

High pain levels are predictive of long-term disability in
RA patients [29, 36]. In the longitudinal study by Anders-
son M. et al. from the early 2000s, disability levels were
directly related to activity level, pain, radiological pro-
gression, and aging, not to the assigned treatment, noting
that the era marked the beginning of biologic treatments
with differing therapies and recommendations [37].

Activity limitation results support recent systematic
reviews, finding that functional incapacity, stiffness, and
age are determinants of physical activity in RA patients
(38, 39].

To our knowledge, this is the first study to examine
the impact of pharmacological treatment on foot func-
tion in RA patients over five years. Overall results tend to
increase but are not statistically significant.

Strengths

This is a novel study correlating treatment with foot func-
tion over a substantial five-yearperiod with a large sam-
ple size and the need for personalized, multidisciplinary
approaches in treating patients with failed pharmaco-
logical interventions, emphasizing improved foot func-
tion and mobility as crucial outcomes beyond achieving
remission.

Limitations

Standardized evaluation methods for activity control do
not include foot joints, potentially overlooking a critical
aspect of RA management and patient quality of life.

Conclusions

This study provides relevant evidence on the relationship
between pharmacological treatments and foot function
in RA patients over time. The present study shows that
while pharmacological interventions, particularly com-
bined treatments (MTX + Bio), are pivotal in managing
RA, their impact on foot function does not mirror the
clinical remission often observed. MTX alone showed a
slight improvement in foot function, though the change
was not statistically significant. This contrasts with the
rest of the treatments, which either led to a decline or
showed no improvement in foot function. The miscella-
neous treatment group, characterized by heterogeneous
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treatments due to previous treatment failures, exhibited
the most considerable deterioration in foot function over
the study period. This research highlights the necessity
for incorporating foot-specific evaluations into standard
RA treatment and assessment protocols to fully under-
stand and address the multifaceted impacts of RA on
mobility and quality of life of the patients.

Future studies should explore long-term treatment
effects on RA-related foot function, integrating advanced
imaging, patient-reported outcomes, and multidisci-
plinary interventions to improve mobility and quality of
life.

Abbreviations

RA Rheumatoid arthritis

DMARDs Disease modifying antirheumatic drugs
MTX Methotrexate

HAV Hallux abductus valgus

bDMARDs  Biologic disease-modifying antirheumatic drugs
FFI Foot function index

FFI-Sp Spanish version of the foot function index
VAS Visual analogue scale

BMI Body mass index

FPI Foot posture index

DAS-28 Disease activity score
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