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1. INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease that
mainly affects the small joints of the hands and feet (Scott et al., 2010). RA is
characterized by immune cell infiltration and the hyperplasia of synovial fibro-
blasts, that leads to articular cartilage destruction, bone erosion (van der Woude
et al., 2018; Xu et al., 2021; Patidar et al., 2022) and eventually irreversible loss
of physical function (van Gestel et al., 1996; Andersson et al., 2021). Joint stiff-
ness, pain, limitation of activity, and functional disability are direct results of in-
flammation (Niemantsverdriet et al., 2020).

RA is most common in women and elderly people. It influences 0.5-1.0% of
adults. The prevalence of RA in Estonia among 20 years and older women was
0.70% (6.68—7.37) and men 0.16% (1.42, 1.79), (Otsa et al., 2013). RA is often
accompanied with the presence of autoantibodies like rheumatoid factor (RF) and
anti-citrullinated protein antibodies (anti-CCP). The main environmental risk
factor of RA is smoking (Scott et al., 2010). Furthermore, it has been concluded
that smoking is a risk factor for higher levels of RF and anti-CCP (Elzorkany et
al., 2021). Anti-CCP positive RA is considered a more erosive RA subset com-
pared to anti-CCP negative RA (van der Linden et al., 2009; Llorente et al., 2020).
Genetic factors apply up to 50% of the risk of developing RA (Scott et al., 2010;
Padyukov, 2022).

Bone structure changes of hand and leg joints can already be present in the
early stage of arthritis (Boutry et al., 2003). In RA, osteoporosis (OP) has been
considered as a frequent comorbidity (Wade et al., 2014; Llorente et al., 2020)
and the prevalence of OP in RA is around 30 percent (Haugeberg et al., 2000;
Hauser et al., 2014). A study of recent onset RA indicated that 18-20% of the
joints of the hands and feet had radiographic joint damage after 3 years. More-
over, throughout the entire follow-up, more foot joints than hand joints were
affected. It was also found that the damage in the foot joints appeared earlier than
the damage in hand joints (van der Heijde et al., 1992).

Furthermore, RA can cause changes in body composition via decrease of hand
and leg lean mass, and accumulation of fat mass in the trunk area (Book et al.,
2009; Lemmey, 2016; Gabdulina et al., 2018; Turk et al., 2018; Efthymiouet al.,
2022). In stable RA disease, considerable muscle loss can be detected in ~67%
and obesity in ~80% of patients (Summers et al., 2008; Lemmey, 2016). Con-
sequently, muscle weakness is often reported in RA patients, and even up to 70%
reduction in muscular strength has been detected in patients with RA compared
with age-matched healthy controls (Yamada et al., 2017). Muscle weakness redu-
ces the quality of life (Book et al., 2009; Yamada et al., 2017), as well as increases
the burden on society since patients’ work ability lowers (Yamada et al., 2017).

Previous studies have shown that although treatments have become more
effective and accessible, 70% of patients still experience RA disease specific
bone structure changes in the first years of disease (van der Heijde et al., 1995).
A total of 25% of patients already have them within three months of developing



RA (Nell et al., 2004). As RA is a systemic disease that can cause disability and
affect quality of life, it is crucial to find out factors that associate with these
arthritis-related changes. Combined hand and leg structural changes in early RA
and the factors that associate with these changes have been so far rarely the focus
of research. Our study was undertaken to discover if there are structural and
functional changes of upper and lower limbs already present in early rheumatoid
arthritis (ERA) and if the changes in hands and legs are similar. Hands and legs
were evaluated in parallel as the structural and functional alterations of limbs
have a great impact on everyday coping and can increase the burden on society
via lowering of work ability (Yamada et al., 2017).

10



2. LITERATURE REVIEW

2.1. Early rheumatoid arthritis

The exact cause and the full pathogenesis of RA is still not completely known. A
prolonged state of autoimmunity precedes the clinical start of RA. There are
several phases in the development of RA: obtaining the genetic risk factors for
the disease, followed by interactions between genes and environmental risk
factors (such as smoking, respiratory mucosal inflammation, periodontitis, and
alterations in intestinal microbiota). Environmental risk factors can activate an
autoimmune reaction (Tracy et al., 2017) that may lead to clinical signs of RA.

Furthermore, current research reveals that oxidative stress (OS) also has a
significant role in the pathogenesis of RA (Khojah et al., 2016; Bala et al., 2017,
Zeng et al., 2021). The interaction between a body’s exogenous and/or endo-
genous antigens and cellular immune system creates reactive nitrogen species
(RNS) and reactive oxygen species (ROS). RNS and ROS activate the signalling
cascades of inflammatory cells to synthesize pro-inflammatory cytokines and
chemokines (Bala et al., 2017). RNS and ROS have definite parts in the destruc-
tive, proliferative synovitis of RA (Khojah et al., 2016). Moreover, in RA, OS
distinctly contributes to the initiation and maintenance of systemic inflammation
(Zeng et al., 2021).

It has been suggested that the treatment of RA should focus on early diagnosis
that is followed by early initiation of disease-modifying anti-rheumatic drug
(DMARD) therapy. Early rheumatoid arthritis has been considered as RA with
less than one year of duration (Emery et al., 1997). The early phase of RA in
within 3 months of the development of synovitis has been named the “window of
opportunity” (Harnden et al., 2022). The timeframe is probably due to the know-
ledge that after the onset of the symptoms, the disease can progress rapidly, causing
irreversible cartilage damage, sometimes in under 2 months. This damage can only
be prevented by the early initiation of therapy. Additionally, patients in the
earliest stages of RA respond better to treatment compared to patients with long-
established disease (Barhamain et al., 2017). Ideally in ERA, the initiation of
treatment in the first 3—6 months after symptom onset improves the possibility of
achieving disease remission, reduces joint damage and disability (Demoruelle et
al., 2012). Still, diagnosing and treating RA patients within this period can be
complicated due to delays in symptom presentation, referral delays, and waiting
times in secondary care (Barhamain et al., 2017; Harnden et al., 2022).

11



2.2. Structural and functional changes
of hands and legs in rheumatoid arthritis

2.2.1. Bone structure changes

Bone structure changes are common in RA. Three types of bone loss can be iden-
tified: local — causing periarticular osteopenia; juxta-articular — associated with
bone erosions; and systemic — generalized osteopenia and/or osteoporosis (Arbo-
leya et al., 2013; Guo et al., 2018; Llorente et al., 2020). Local bone changes may
be evident prior to the appearance of systemic changes.

Osteoporosis is a frequent systemic skeletal disorder defined by low bone
mass and microarchitectural deterioration of bone tissue, leading to bone fragility
and a susceptibility to fracture (Llorente et al., 2020). Osteoporosis may develop
for several reasons, but in RA, periarticular osteoporosis or osteopenia are early
characteristic signs of appendicular bone damage, preceding the development of
erosions (Kilic et al., 2015). Hand bone loss may already occur in the early phase
of RA (Daragon et al., 2001; Hill et al., 2010).

Local and generalized bone loss share the same pathway: the receptor acti-
vator of nuclear factor kappa-B ligand (RANKL)/osteoprotegerin (OPG) route
(Takayanagi, 2009; Bultink et al., 2012), stimulating the activation, differentia-
tion and proliferation of osteoclasts (Lacey et al., 1998; Bultink et al., 2012). In
case there is an imbalance in bone remodelling, it can result in an increase in bone
resorption, leading to reduction of bone mass, decrease in bone formation, and
the inhibition of bone repair (Llorente et al., 2020). Bone loss is the result of the
induction of osteoclasts and the suppression of osteoblasts (Guo et al., 2018).
Osteoclasts are the essential cell population accounting for bone loss in RA
patients, leading to bone erosions in RA (Gravallese et al., 1998; Guder et al.,
2020; Llorente et al., 2020). Therefore, in RA, RANKL has a crucial role in the
appearance of joint destruction (Bultink et al., 2012; Danks et al., 2016).

In addition to the aforementioned aspects, osteoprotegerin (OPG) has a
regulatory role in bone remodelling via inhibiting osteoclastogenesis (Simonet et
al., 1997). OPG may derive from body fat (Perez de Ciriza et al., 2014; Bianchi,
2018) and it is considered to prevent bone damage that may follow the synovial
inflammation (Schett et al., 2003). The level of OPG lowers through osteoclasto-
genesis (Takayanagi et al., 2000; Llorente et al., 2020). Androgens reduce OPG
levels, whereas estradiol has the opposite impact (Hofbauer et al., 2002; Bianchi,
2018). Bone loss may also be induced by immobilization (Pathak et al., 2015)
and physical inactivity (Prioreschi et al., 2015; Fenton et al., 2018). Mechanical
loading of bone may prevent osteoclast-related bone loss in RA (Pathak et al.,
2015).

Therefore, considering that bone loss may already appear in the early stage of
RA (Daragon et al., 2001; Hill et al., 2010), it is important to identify different
bone changes as early as possible. In RA, the Larsen score is usually used for
evaluating RA related radiographic joint damage (erosions, joint space nar-
rowing, bony outlines) on hand and leg radiographs (Larsen et al., 1977). Still,
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periarticular osteoporosis cannot be quantified based on the visual impression
seen on the radiographs and must be detected via quantitative bone mass mea-
sures (Hoff et al., 2010). Dual Energy X-ray Absorptiometry (DXA) is a com-
monly used cheap and sensitive method to assess bone mass, bone mineral
density (BMD) and bone mineral content (BMC), (Kilic et al., 2015; Sangondi-
math et al., 2023). Bone mass is a composite measure of bone size and mineral
density, being a determinant of bone strength acquired during skeletal growth and
development (DiMeglio et al., 2013). BMC is regarded as the total amount of
mineral content of bone tissue in the whole skeleton or in a specific region, and
it is measured in grams. BMD values are created by dividing the BMC (grams)
by the bone area (cm?), where it was measured (Clasey et al., 1997). In ERA,
DXA can be a more sensitive tool than radiology (radiographic joint-damage
scores), for evaluating arthritis-related bone damage (Haugeberg et al., 2007) or
functional status (Njeh et al., 2000; Haugeberg et al., 2006; Kilic et al., 2015).

In view of the mentioned methods, a study of early RA patients indicated that
bone mineral density in lumbar and femoral neck regions, as well as total bone
mineral density in RA patients were significantly lower compared with age-
matched controls (Sahin et al., 2006). Bone loss in early RA occurred more
quickly in the hand, than in the hip and spine (Haugeberg et al., 2007). Bone
damage associated with the level of synovitis and was not present in the absence
of joint inflammation (Conaghan et al., 2003; Haugeberg et al., 2006). Addi-
tionally, in women, reduced BMD at the lumbar spine or hip at the onset of RA
was associated with a higher Larsen score at baseline and also after 2 years of
disease clinical start, suggesting that the reduction of bone mass and joint destruc-
tion in RA may have a common pathophysiological mechanism (Forslind et al.,
2003).

The presence of bone erosions has been recognized as a hallmark of RA,
caused by the inflammatory process and resulting in various degrees of joint
destruction and disability. At the diagnosis of RA, the distribution of erosions
may differ and are most frequently detected in the hands and/or feet. Therefore,
the methods for scoring erosions are based on conventional radiographs of hands
and feet, usually evaluated by the Sharp van der Heijde scoring (SHS) method
(assessing erosive changes and joint space narrowing in 32 joints in the hands and
12 joints in the feet), (van der Heijde, 2000; Andersson et al., 2021).

Previous research indicated that in early RA, similar amount of bone erosions
were found in the metacarpophalangeal joints and in the metatarsophalangeal
(MTP) joints. This finding suggests that additional imaging of feet may be bene-
ficial when assessment of hands do not confirm the diagnosis of RA (Boutry et
al., 2003). Even though it is not yet a common procedure in everyday clinical
practice, the assessment of hand and leg bone mass in parallel could help to
prognose the course of disease for early arthritis (Llorente et al., 2020). Therefore,
bone mass change evaluation of upper and lower limbs in ERA could be advan-
tageous for an earlier diagnosis and start of treatment.
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2.2.2. Muscle and fat structure changes

Altered body composition is a common finding in RA. In established RA, up to
two thirds of patients have a phenotype characterized by muscle wasting (Challal
etal., 2016) and an increase of fat mass without body weight variations (Ferguson
et al., 2019; Gioia et al., 2020). This is mainly identified by loss of appendicular
lean mass and accumulation of fat mass in the trunk area (Book et al., 2009;
Lemmey, 2016; Gabdulina et al., 2018; Turk et al., 2018; Efthymiouet al., 2022).
In stable RA patients, significant muscle loss is usually found in ~67% and obe-
sity in ~80% of cases (Summers et al., 2008; Lemmey, 2016). Lean mass of arms
and legs can already be lowered in early RA (Book et al., 2009).

Decrease of lean mass seems to be the result of various mechanisms, including
an excessive production of inflammatory cytokines and increased protein degra-
dation (Roubenoff et al., 1994; Walsmith et al., 2004; Efthymiou et al., 2022).
Still, the data about the involved factors are currently inconclusive and the chan-
ges in body composition could not solely be explained by the usual markers for
RA disease severity and disease activity (Book et al., 2009).

The presence of low physical activity levels and a sedentary lifestyle may
result in an increased accumulation of fat mass (Tierney et al., 2012; Santillan-
Diaz et al., 2018; Efthymiou et al., 2022) additionally inducing inflammation
(Fenton et al., 2018). In RA, pain, fatigue and joint stiffness further reduce phy-
sical activity (Hall et al., 2004; Turk et al., 2018), also causing lean mass lowering
and a weight increase. Obesity alone is a risk factor for the development of
arthritis in general (Unriza-Puin et al., 2017; Turk et al., 2018). It was found that
subjects with body mass index (BMI) > 30 had nearly threefold increased risk to
have inflammatory arthritis (Lahiri et al., 2014). In contrast, other research has
indicated that RA patients with low or normal BMI had radiographically more
evident progression after 3 years, than RA patients with high BMI (Westhoff et
al., 2007; Book et al., 2009).

The RA-related accelerated lean mass loss itself contributes to the loss of
physical function and quality of life too. It is also probably associated with a
decreased level of exercise due to sarcopenia (Book et al., 2009). Sarcopenia is
defined as low muscle strength and low muscle mass (Moschou et al., 2023). A
decrease in lean mass could possibly have several unfavourable consequences,
including increased risk for joint destruction, disability, in addition to an elevated
risk for falls and fractures (Book et al., 2009). In ERA patients, hand grip strength
was significantly lower in RA patients compared with controls (Sahin et al.,
2006). Furthermore, muscle strength had a major part in preventing arthritic bone
loss (Liphardt et al., 2020).

A cross-sectional study of RA patients indicated that most of the subjects were
physically inactive with no regular weekly exercise. Furthermore, physical inacti-
vity was associated with female gender, older age, lower education, obesity, co-
morbidity, low functional capacity, and higher levels of disease activity, pain, and
fatigue (Sokka et al., 2008).

14



Measuring lean and fat mass is clinically important because loss of lean mass
in the limbs may cause weakness and disability (Baumgartner et al., 2004; Jans-
sen, 2006; Book et al., 2009). Several studies show that exercise improves muscle
function without affecting disease activity. Moreover, research evaluating radio-
graphic joint damage as an endpoint also finds no evidence that even high-inten-
sity exercise increases inflammation or joint damage (Plasqui, 2008). Therefore,
it is important that RA patients are physically active (Santillan-Diaz et al., 2018).

Body composition, especially the amount of fat and lean mass located in the
arms and legs, is strongly associated with disability in RA patients (Giles et al.,
2008). In ERA, upper limbs structural changes occurred earlier than in lower
limbs (Haugeberg et al., 2007). Although RA is a systemic disease, in ERA the
structural changes in hands and legs may possibly not occur in parallel. Arthritis
involvement may be different among patients, indicating the relevance in ERA to
assess both hands and legs concurrently and separately in order to have a better
overview of the RA disease course in the early stage.

2.2.3. Hand and leg changes in general

RA is a systemic disease mostly affecting the hand and leg joints (Scott et al.,
2010), ultimately resulting in activity impairment and functional disability
(Niemantsverdriet et al., 2020).

In RA, commonly only the small joints of hands are assessed while evaluating
disease activity, as most widely used scales do not assess the small joints of legs.
Joint destruction in RA is commonly evaluated by radiographs of both hands and
feet (SHS method), whilst the inflammatory activity is mainly evaluated by a
disease activity score calculated using 28 joints (DAS28 score) which, however,
does not include the feet (Andersson et al., 2021).

At the same time, in early RA patients, involvement of foot joints is frequent
(Michelson et al., 1994; Stolt et al., 2017; Andersson et al., 2021), being present
in >50% of patients at any time after diagnosis of RA (Michelson et al., 1994).
Furthermore, up to 50% of RA patients have some kind of foot problems already
at diagnosis (Balint et al., 2003; Andersson et al., 2021). In RA, destruction of
the foot joints often precedes the development of destruction of other joints
(Terao et al., 2015). It has been evaluated that continuing foot involvement in
patients with longstanding RA is 30-90% (Michelson et al., 1994; Otter et al.,
2010; van der Leeden et al., 2010; Andersson et al., 2021). The metatarsopha-
langeal joints are usually the first anatomical location on the foot where symp-
toms appear (van der Leeden et al., 2006; Andersson et al., 2021). Additionally,
foot pain was the prevalent symptom in a third of cases (Otter et al., 2010; Stolt
et al., 2017) affecting everyday life and coping (Williams et al., 2012; Stolt et al.,
2017). Forefoot joint damage in RA is associated with increased pressure under
the forefoot, particularly due to pressure under the first and fourth MTP joints
(van der Leeden et al., 20006).

In a study of ERA patients, it was found that 77% of subjects had erosions in
MTP joints (Boutry et al., 2003) and erosive changes were equally evident both
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in hand and leg joints (Boutry et al., 2003; Calisir et al., 2007). A prospective
follow-up study of recent onset RA showed that up to 20% of hand and feet joints
had radiographic RA-related joint damage after 3 years. During the whole follow-
up, foot joints were even more affected than the hand joints. In addition, the
destruction in the foot joints emerged earlier than the damage in hand joints (van
der Heijde et al., 1992). Still contrastingly, another study indicated, that in ERA
hand joint changes were more evident than leg joint changes (Dakkak et al.,
2020).

In ERA patients with normal magnetic resonance imaging (MRI) scans of
finger joints, additional MRI scans of the forefeet revealed synovitis and bone
oedema (Ostendorf et al., 2004). Foot joint destruction may have different causes
than the damage in hand joint (Terao et al., 2015). Imaging of the legs in ERA
adds an extra tool which can potentially allow an earlier and more accurate diag-
nosis, and thus start treatment sooner (Ostendorf et al., 2004). According to pre-
vious research, both hands and legs can be affected in ERA, although reported
data about appearing changes vary. Therefore, a supplementary study of apart
evaluation of hands and legs in ERA is needed to identify the parallel emerging
structural and functional changes of upper and lower extremities in ERA. The
results of the study could be important in future assessment of disease activity,
possibly indicating the need to include the evaluation of leg joints in the disease
activity assessment scales.

2.3. Inflammatory markers in rheumatoid arthritis

In RA, the inflammation in the synovium induces the production of many cyto-
kines (interleukin (IL)-1, (IL-6), and tumour necrosis factor alpha (TNF-a),
(Abdel Meguid et al., 2013; Fardellone et al., 2020). TNF-a, IL-1, IL-6 and IL-
17 upregulate RANKL and via it ultimately trigger osteoclastogenesis (Schett et
al., 2010; Geusens et al., 2011; Bultink et al., 2012), and mediate cartilage and
bone destruction of the joints. Subsequently, the inflammatory reaction may
result in generalized bone loss. In RA, high levels of TNF-a have been found in
parallel both in synovial fluid and in serum (Bulina et al., 2010). IL-6 has an
important role in inflammation, and a direct effect on general, as well as on local
bone loss in RA (Abdel Meguid et al., 2013; Fardellone et al., 2020).

TNF-a and interleukin-1 beta (IL-1B) also have a powerful influence on
whole-body protein and energy metabolism (Rall et al., 2004). Research has
shown that skeletal muscle protein loss depends on the combined signalling
activities of TNF-a, interferon-gamma (IFN-y), and the activity of nuclear factor
kappa B (NF-xB) is needed for these cytokines to cause muscle damage. TNF-
induced activation of NF-kB has been especially found to inhibit skeletal muscle
differentiation via suppressing myoblast determination protein (MyoD). MyoD
regulates the differentiation of skeletal muscle and is therefore crucial for the
repair of damaged tissue (Guttridge et al., 2000; Rall et al., 2004). TNF-a acts
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synergistically with IL-1P, and via expression of IL-1, is associated with acce-
lerated muscle loss (Moschou et al., 2023).

Moreover, IL-6 increases muscle metabolism with subsequent muscle wasting
(Rall et al., 2004; Turk et al., 2018). High levels of IL-6 lowers mobility and is
associated with loss of muscle strength (Moschou et al., 2023).

Previous research of early arthritis patients found that a higher ESR value was
associated with higher fat mass, mostly distributed in the trunk in cases of longer
symptom presence. Still, there was no association between disease activity, acute
phase proteins and muscle mass changes (Turk et al., 2018).

CRP has a direct role in the activation and alteration of osteoclast differentia-
tion in RA, which may lead to bone destruction (Ciurtin et al., 2024). CRP is also
a relevant element for the RA DAS28-CRP disease activity score (Anderson et
al., 2012) and therefore is a commonly used RA marker. Even though a great
number of studies have shown a good correlation between CRP levels and disease
activity in RA, using CRP as a marker of active disease raises various concerns.
A subgroup of RA patients has been identified which lacks elevated CRP levels,
even during severe flare-ups. As a result, the diagnosis and initiation of DMARD
therapy may be significantly delayed compared to patients with increased CRP
during flare-ups (Ciurtin et al., 2024).

Different inflammatory markers may cause differing structural and functional
changes (Rall et al., 2004; Abdel Meguid et al., 2013; Turk et al., 2018; Fardel-
lone et al., 2020; Moschou et al., 2023; Ciurtin et al., 2024). Therefore, it is
relevant to analyse various inflammatory markers that may have a role in the
appearance of RA-related limb structural changes in the early phase of the
disease. Furthermore, as RA predominantly damages the hand and leg joints, it is
necessary to separately evaluate the hand and leg changes due to the rise in in-
flammatory markers, as the changes may differ. Data on this topic remain sparse.

2.4. Hand bone mineral density and appearance of arthritis
related erosions in early rheumatoid arthritis

RA has classically been identified by the presence of erosions (van der Woude et
al., 2018; Xu et al., 2021). Erosion mainly affects intra-articular cortical bone and
is a result of unpaired bone resorption and formation (Rossini et al., 2017). In
RA, small joints (Guo et al., 2018), and hand joints are affected. A recent study
found that the prevalence of erosions was significantly lower in seronegative (RF
and anti-CCP negative) ERA patients, and in patients without elevated acute
phase reactants. Furthermore, even longer disease duration was not related to a
different prevalence of erosions in seronegative RA (Ulijn et al., 2023).

DXA assessment of the whole hand is more feasible and has better precision
compared with local measures around single joints. Hand DXA also reflects the
whole inflammatory reaction occurring in all affected joints of the hands (Alen-
feld et al., 2000; Haugeberg et al., 2007).
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Previous research has indicated that hand BMD lowering during the first three
months of ERA could independently predict radiographic joint damage after one
year of disease anamnesis (Ziegelasch et al., 2017). Periarticular BMD loss may
already be present at the clinical manifestation of ERA (Iwata et al., 2016) and
hand BMD lowering appears prior to generalized bone loss (Fardellone et al.,
2020). Furthermore, periarticular osteoporosis/osteopenia appear before the
development of erosions (Black et al., 2014; Kilic et al., 2015). A recent study
found that bone erosions occurrence was related to systemic bone loss since the
earliest phases of RA (Bruno et al., 2021). Hand BMD lowering in conjunction
with age, was associated with increased predisposition to erosive disease. BMD
lowering assessment in ERA may be beneficial to determine the risk of the appea-
rance of erosions of initially non-erosive arthritis patients (Black et al., 2014).
Osteoporosis itself might be a relevant and independent determinant of bone ero-
sions in RA, but it needs further investigation (Rossini et al., 2017).

Contemporary information about factors associated with hand bone mass and
BMD changes in ERA are insufficient (Black et al., 2014; Kilic et al., 2015; Ros-
sini et al., 2017) and we could not find data about leg bone BMD changes
associated with the appearance of RA related erosions. Considering that erosions
are the destructive element in RA (Guo et al., 2018), and local bone changes in
ERA could precede systemic changes, additional research is required.

2.5. Markers related to hand bone mineral density
decrease and erosive changes in early rheumatoid arthritis

A decrease in hand BMD may be the initial change triggered by ERA, due to
inflammation (Black et al., 2014). Vitamin D is crucial for BMD due to its essen-
tial role in calcium metabolism. Vitamin D deficiency can cause osteoporosis,
and its supplementation is known to have a positive effect on BMD (Tomizawa
et al., 2019; Kwon et al., 2020). Recent research indicates that administration of
vitamin D supplementation may lower levels of RANKL and associated cyto-
kines, and via it potentially lower inflammation (Ilchovska et al., 2021).

Several studies have evaluated the clinical significance of serum concentration
of OPG, and it has been found that low serum OPG is associated with prevalent
vertebral fracture in osteoporotic patients (Fahrleitner-Pammer et al., 2003; Chi
et al., 2023). Contrastingly, another study indicated that an increase in serum
OPG correlated negatively with BMD (Ostrowska et al., 2015; Chi et al., 2023).
Moreover, OPG was found to be significantly higher in RA subjects compared
with controls, correlating with inflammatory activity (Asanuma et al., 2007; Soli-
man et al., 2024). A recent meta-analysis indicated that the DAS28 disease acti-
vity score was positively associated with OPG levels in RA patients. Also, in
ERA higher OPG levels was influenced by race, disease duration, and BMI
(Wang et al., 2017). Therefore, OPG may potentially be a sensitive method for
detection of active bone and cartilage destruction in RA (Karsdal et al., 2011;
Soliman et al., 2024).
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RF positive male RA patients have been found to have an elevated risk of
fragility fractures (Filho et al., 2014), although not all researchers have verified
the association between BMD loss and RF positivity (Amkreutz et al., 2021).
Moreover, in ERA, anti-CCP positivity was associated with significantly lower
BMD at the time of diagnosis, but not with greater BMD loss over the years after
receiving treatment (Amkreutz et al., 2021).

Anti-CCP positive RA is considered a more erosive arthritis subset (van der
Linden et al., 2009; Llorente et al., 2020). Furthermore, anti-CCP and RF positi-
vity were discovered to predict progression of erosive changes in 5 years’ time in
ERA (Rydell et al., 2021). RF positivity was also associated with foot joint
destruction (Terao et al., 2015). Also, a recent study found that high BMI is as-
sociated with less erosive changes in patients with anti-CCP positive RA (van der
Helm-van Mil et al., 2008). In ERA, the distribution of body fat may have an
impact on cartilage damage in ERA due to hormonal factors (Rydell et al., 2021).

As hand BMD lowering can be an early sign of ERA (Black et al., 2014), and
the presence of bone erosions can result in joint damage and disability (Andersson
et al., 2021), it is crucial to find out the factors that relate to hand BMD and
erosive changes, and if the factors that associate with these specific changes are
different from each other.

2.6. Dietary and smoking habits
in early rheumatoid arthritis

2.6.1. Dietary habits

A healthy diet is fundamental for preventing various chronic conditions and ad-
verse health effects (including obesity and OP) according to World Health Orga-
nization (WHO) data (WHO, 2019; WHO, 2024). In RA, dietary habits may
increase the risk of disease manifestation and be a preventive factor (Raslan et
al., 2024). Several randomized controlled trials (RCTs) have been published
which involve the use of fatty acids with antioxidative effects (Richard et al.,
2008) in the treatment of RA patients, although the outcome and interventions of
these RCTs vary (Zeng et al., 2021). Moreover, among conducted research, some
studies have evaluated the relationship between dietary consumption of poly-
unsaturated fatty acids (PUFAs) and RA. PUFAs have an important influence on
immune system and inflammatory diseases. Omega-6 PUFAs have mostly pro-
inflammatory effects, while omega-3 PUFAs exert anti-inflammatory and pro-
resolving features (Navarini et al., 2017). Omega-3 PUFAs, which are mostly
found in fish oils, present inverse correlations with CRP and IL-6 levels (Gioia et
al., 2020). In RA, supplementation of omega-3 PUFA has been found to diminish
pain, morning stiffness, and the frequency of NSAID consumption (Navarini et
al., 2017; Skoczynska et al., 2018), and has also been associated with lower
disease-activity-related markers (Gioxari et al., 2018; Philippou et al., 2021;
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Sigaux et al., 2022). In France, PUFA supplementation is already an official re-
commendation for RA patients for symptomatic relief (Daien et al., 2022).

Vegetable oils and animal sources are the main dietary sources of omega-6
PUFAs (Navarini et al., 2017). Higher omega-6 fatty acid intake in RA has been
associated with increased serum levels of IL-6 and CRP (Sundrarjun et al., 2004;
Lourdudoss et al., 2018). PUFA omega-6 arachidonic acid (AA) type inhibits
osteoblastogenesis (Navarini et al., 2017), changes the osteoblast differentiation
process and advances bone mass loss (Casado-Diaz et al., 2013; Navarini et al.,
2017). Hence, a higher ratio of omega-3/omega-6 fatty acid in diet is considered
a protective element against BMD lowering (Albertazzi et al., 2002; Navarini et
al., 2017), and early manifestations of RA could potentially be delayed via the
dietary intake of PUFAs (Gioia et al., 2020). Therefore, dietary consumption of
PUFASs could be advantageous for the prevention of RA-caused BMD decreases.

Most established RA patients have a phenotype described by muscle wasting
and an increase of fat mass without body weight changes (Ferguson et al., 2019;
Gioia et al., 2020). There have been numerous studies evaluating the possible
health benefits of omega-3 fatty acids, with data indicating its positive effects in
sustaining muscle mass (Cena et al., 2020). Omega-3 long chain PUFA supple-
mentation positive effect on overall body muscle mass and strength has been
confirmed by several meta-analyses (Bird et al., 2021; Ma et al., 2021). For that
reason, dietary consuming of PUFAs could be beneficial in avoidance of RA-
associated structural changes of limbs.

Dietary habits may lead to overweight and obesity (Liu et al., 2013; Fu et al.,
2021). A high omega-6 to omega-3 FA ratio especially increases obesity risk
(Simopoulos, 2016; Lourdudoss et al., 2018). Obese patients have impaired intes-
tinal immunity, which can be lessened by omega-3 PUFAs supplementation
(Tilg, 2010; Fu et al., 2021). Additionally, omega-3 PUFAs may prevent the
appearance of obesity by modulating gut microbiota and influencing the function
of white adipose tissue (Kalupahana et al., 2020). Metabolic syndrome itself is an
important risk factor in the development of arthritis (Lahiri et al., 2014).

Furthermore, RA is frequently associated with reduced muscle mass, which
reflects an imbalance between protein synthesis and protein breakdown (Mikkel-
sen et al., 2015). Previous research has shown that low dietary protein intake was
related to quicker lowering of muscle strength in older persons with a pro-
inflammatory state (Bartali et al., 2012) and with decreased appendicular lean
mass in ERA (Miiller et al., 2019). Additionally, several studies have demon-
strated a relationship between low protein intake and loss of muscle mass/strength
(McLean et al., 2016; Torii et al., 2023). Furthermore, a recent study indicated
that the rate of muscle protein synthesis and muscle gene expression can be
stimulated via protein intake alone, and in combination with physical exercise in
patients with well-treated RA, to a similar extent as in healthy individuals. The
finding suggests that RA patients with moderate inflammation have maintained
their muscle anabolic responsiveness to physical activity and protein intake
(Mikkelsen et al., 2015). Therefore, in addition to exercise therapies, appropriate
nutritional intake is one of the principal strategies to increase muscle mass and
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strength (Fiatarone et al., 1994; Torii et al., 2023). Moreover, dietary protein
supplementation has indicated an increase in both muscle strength and physical
performance (Tieland et al., 2012; Torii et al., 2023). Multiple consensus state-
ments recommend an average protein intake of at least 1-1.5 g/kg/day (Bauer et
al., 2013, 2019; Torii et al., 2023) and in cases of severe disease and inflamma-
tion, up to the upper limit of 2 g/kg/day (Bauer et al., 2019; Torii et al., 2023).
Still, excessive consumption of protein has been linked to an elevated risk of
inflammatory polyarthritis (Raslan et al., 2024).

A recent study indicated that in RA patients, higher adherence to the Mediter-
ranean diet was related to lower disease activity and impact, and lower functional
disability (Charneca et al., 2023). On the contrary, another study did not find an
association between the Mediterranean diet score and the disease activity of
people with rheumatoid arthritis (Mostafaei et al., 2024).

A meta-analysis including over 200,000 subjects indicated that high vitamin
D intake lowered the risk of developing RA by 24% (Song et al., 2012; Maisha
et al., 2023). A number of studies have suggested vitamin D supplementation
aiding patients with established RA (Guan et al., 2020; Maisha et al., 2023).

Diet significantly influences intestinal microbiota, which in turn plays an
important role in the development of RA (Raslan et al., 2024). Several studies
have suggested that the intake of probiotics may be advantageous in reducing the
risk of developing arthritis or reducing the arthritic process (Liu et al., 2016;
Jubair et al., 2018; Gunes-Bayir et al., 2023). A Swedish cross-sectional study
found that the RA patients had higher saturated fat consumption; lower carbo-
hydrate energy and fibre intakes; and lower intakes of several micronutrients
(vitamin A and D, folate, and calcium) (Turesson et al., 2022). Furthermore,
excessive intake of red meat has been linked to an elevated risk of inflammatory
polyarthritis. This may be due to increased inflammation caused by meat fats and
nitrites and increased synovial involvement due to an excessive oral iron load
(Raslan et al., 2024). High sodium intake is associated with increased risk of RA
(Salgado et al., 2015).

Daily consumption of sugar-sweetened soda increases the risk of RA. High-
fructose-flavoured soft drinks may help boost arthritis development in young
adults by producing an excessive buildup of glycation products, enhancing in-
flammation (DeChristopher et al., 2016; Raslan et al., 2024). Consuming four or
more cups of decaffeinated coffee per day is associated with elevated risk of
having seropositive RA. Still, people who drank more than three cups of tea daily
had a lower risk of seropositive RA (Mikuls et al., 2002).

Any level of alcohol consumption, both acute and chronic, has immunomodu-
latory effects. Heavy or moderate alcohol consumption can influence gut barrier
integrity and the microbiome, and thus possibly contribute to RA (Azizov et al.,
2021).

Taking everything into consideration, dietary habits can possibly have an in-
fluence on body structural changes in RA, especially PUFAs due to their anti-
oxidative effects. Still, additional research is needed to evaluate the association
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between dietary habits and separate evaluation of hand and leg structural and
functional changes in ERA, as data about early arthritis are lacking.

2.6.2. Smoking habits

Smoking is a risk factor for RA, contributing up to 25% of population-attributable
risk of RA (Costenbader et al., 2006; Kéllberg et al., 2011; Lahiri et al., 2014)
and higher pack-years are associated with an increased risk of RA (Costenbader
et al., 2006). The correlation between smoking and the risk of anti-CCP negative
RA disappeared entirely twenty years after stopping. Contrastingly, the correla-
tion with the risk of anti-CCP positive RA remained linked to the number of
cigarettes smoked (Shekhar et al., 2023).

Smoking is associated with osteoporosis through disruption of bone re-
modelling mechanisms via the RANKL-RANK-OPG pathway (Al-Bashaireh et
al., 2018; Radmilovi¢ et al., 2023) and smokers were found to have significantly
lower levels of OPG (Al-Bashaireh et al., 2018). Smoking is considered to sup-
press parathyroid hormone (PTH), (Al-Bashaireh et al., 2018) and reduce bone
mass via its impact on vitamin D and calcium impaired absorption (Krall et al.,
1991, 1999; Rapuri et al., 2000; Cusano, 2015; Al-Bashaireh et al., 2018).
Furthermore, smoking is a known risk factor for lower BMD in the general popu-
lation and RA patients (Llorente et al., 2020). It is also a risk factor for the
progression of erosions (van der Linden et al., 2009; Llorente et al., 2020;
Elzorkany et al., 2021). Tobacco smokers generally have lower body weight and
BMI compared to non-smokers, as nicotine decreases appetite (Mineur et al.,
2011; Al-Bashaireh et al., 2018).

Dietary and smoking habits can cause different body structure changes (van
der Linden et al., 2009; Miiller et al., 2019; Gioia et al., 2020; Llorente et al.,
2020; Bird et al., 2021; Elzorkany et al., 2021; Ma et al., 2021). Therefore in
ERA, separate hand and leg structure assessment, along with evaluation of nutri-
tional and smoking status, could be additionally advantageous in RA patient
disease progression assessment.

2.7. Summary of the literature review

Rheumatoid arthritis is a chronic inflammatory autoimmune disease primarily
affecting the small joints of the hands and feet, causing synovitis, bone erosions,
and muscle and fat structure changes. The pathophysiological mechanisms cau-
sing the structural and functional changes in the ERA remain less than fully
understood. In RA, the structural and functional changes of the body can cause
significant impairment of a patient’s quality of life.

Despite RA’s systemic nature, in early stage of the disease the structural and
functional changes in hands and legs may possibly not appear in parallel, and
there are no studies comparing the first changes in limbs. Moreover, changes may
be present far before the onset of clinical manifestation of the disease and patients
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seeking the care of a rheumatologist. It has been shown that early diagnosis and
treatment of rheumatoid arthritis improves health outcomes. However, there are
no good generally accepted early markers for prognosing the course of early
arthritis. Markers associated with body structure changes in ERA are of great
interest in better understanding the reasons for the progression of the disease.
DXA is frequently used to separately measure BMD and arm and leg bone, lean,
and fat mass. Determining early changes in limb structure and function may be a
new way to prognosing the disease course and activity. A decrease in hand BMD
during the first months of the manifestation of RA could be a predictor of RA
related joint damage in the early stage of the disease. Data about leg structural
and functional changes in ERA are lacking. Furthermore, most commonly used
scales do not even evaluate leg joints while assessing arthritic disease activity.

Several studies have tried to explore the lifestyle related factors in rheumatoid
arthritis. Dietary and smoking habits have been studied extensively as they can
have an impact on body structural changes. But in ERA, results remain inconclu-
sive. Therefore, research of the separate evaluation of hands and legs structural
and functional changes, as well as the markers that might be related to these
alterations, is needed.
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3. AIMS OF THE THESIS:

The general aim of this study was to evaluate the presence of structural and func-
tional changes of hands and legs in early rheumatoid arthritis as well as factors
related to the changes.

1.

Specific aims were:

to assess if there are structural and functional changes of hands and legs al-
ready present in early rheumatoid arthritis and if the changes in hands and legs
are similar (Paper I, II);

to examine the associations between hand and leg structural and functional
changes with inflammatory markers (Paper I, II, III);

to assess if hand bone mineral density is related to the appearance of arthritis
associated erosions (Paper II);

to find clinical lifestyle markers that are related to hand bone mineral density
lowering and erosive changes in early rheumatoid arthritis (Paper I1);

. to identify if hand and leg structural changes in early rheumatoid arthritis

associate with dietary and smoking habits (Paper I, II, I1I).
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4. SUBJECTS AND METHODS:

4.1. Subjects

4.1.1. Early rheumatoid arthritis group (Papers I-lll)

The thesis is based on a cross-sectional study of 83 patients with ERA, aged 19—
79 years. To form the study group, 100 consecutive patients referred to Tartu
University Hospital with newly diagnosed RA were recruited between January
2012 and May 2014. Their diagnoses were established according to American
College of Rheumatology (ACR)/European League Against Rheumatism
(EULAR) 2012 criteria for RA (Aletaha et al., 2010). RA patients with symptom
duration up to one year (early arthritis) were invited to participate in the study.
Nine patients with missing outcome data were excluded, as were another 8 pa-
tients who did not fulfil ACR/EULAR 2012 criteria for RA on a follow-up visit
one year after their first visit (n=83).

4.1.2. Population-based comparison group (Papers I-lll)

350 subjects adjusted for the age and gender composition of the Estonian popu-
lation in 2013 were randomly selected from a primary healthcare centre practice
list (the total number of subjects was 1854). Cross-sectional data were assembled
from September 2014 to March 2015. Invitations containing introductory mate-
rials were sent to 350 people. The primary healthcare centre was contacted by
332 subjects seeking further instructions, and 330 people were ultimately re-
cruited to the study. Six patients with missing outcome data were excluded and
three subjects missed their study appointment (n=321).

All study participants signed written informed consent forms. The study was
conducted according to the guidelines of the Declaration of Helsinki and was
approved by the Research Ethics Committee of the University of Tartu (early
rheumatoid arthritis group study approval: 221/M-9, date of approval 17 Decem-
ber 2012), population group study approval number 238/M-15 (date of approval
16 July 2014).

4.2. Methods

4.2.1. Medical interview

At first a face-to-face medical interview was done to gather information on the
onset of arthritis, specifically the appearance of joint swelling and pain. The start
of RA was defined as the first occurrence of joint swelling reported by the patient.
The anamnesis of concomitant diseases and used antirheumatic medications
(DMARD, GCS, NSAID) were gathered. Electronic health records were used to
verify the onset of RA diagnosis and retrospectively assess the fulfilment of
ACR/EULAR 2012 classification criteria (Aletaha et al., 2010). Smoking habits
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were classified as having ever smoked, including current and previous smoking
anamnesis.

4.2.2. Physical examination

A standard physical examination was conducted. A certified rheumatologist
assessed tender and swollen joint counts (28 and 42 joint scores) in the RA group.
Height to the nearest 0.5 cm was measured with a stadiometer. Body weight was
measured in kilograms with an electronic scale. Subjects were without shoes and
wore light indoor clothes. Body mass index (BMI) was calculated according to
the standard formula: weight in kilograms divided by height in meters squared.
The following groups of BMI were formed based on the World Health Organi-
zation (WHO) criteria: normal weight (BMI: <24.9 kg/m2), overweight (BMI:
25-29.9 kg/m?2) and obese (BMI: >30 kg/m2), (WHO, 1997). Both overweight
and obese were classified as adiposity in analysis.

4.2.3. Muscle function tests

The 30-Second Chair Stand Test (30-CST) and the Handgrip Strength Test (HST)
were used to assess and compare muscle strength. The 30-CST was used for
evaluating leg muscle function. While doing the 30-CST, patients were asked to
sit on a chair, with their spine straight and hands placed crossed across their chest,
on opposite shoulders. On a signal, subjects rose at their own pace, to a full
standing position, and then returned to seated position as many times as they were
able. A 30 s trial was preceded by a practice attempt of 1-3 repetitions. The final
chair-stand score was the total number of unassisted full-stands during the 30 s
time (Unver et al., 2015).

The hand muscle function was assessed with HST. Grip strength was mea-
sured in bars with a calibrated Riester Dynatest dynamometer. One practice
attempt was followed by three additional consecutive attempts, with pauses in
between, of up to 60 s. The average value of three test trials of both hands was
used for statistical analysis.

4.2.4. Patient reported nutritional assessment

A 24-hour dietary recall method was used to receive information about foods and
beverages consumed during the prior 24 hours. The data was gathered to evaluate
energy and nutrient intake. The received information was inserted into the
NutriData software developed by the Estonian National Institute for Health
Development in order to translate foods and beverages into nutrient equivalents
(NutriData Software Homepage, 2018).

4.2.5. Blood samples

Blood samples were collected after an overnight fast between 8 a.m. and 11 a.m.
Blood samples included measuring vitamin D (vitamin D3), calcium, OPG, para-
thyroid hormone (PTH), and CRP (immunoturbidimetric method). Luminex’s
xMAP (Luminex Corp) technology was used to evaluate IL-6, TNFa, and IL-1b.
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Anti-CCP, RF and ESR (Westergren method) were analysed only in the ERA
group. An electrochemiluminescence assay was used with the cutoff value of 17
kU/L for anti-CCP positivity. The immunoturbidimetric method was applied to
measure RF, and was assessed positive if RF value was >14 [U/mL.

4.2.6. RA disease activity assessment

To evaluate disease activity, the number of tender and swollen joints in the ERA
group were assessed (28 joint scores). DAS28 scores using CRP were calculated
according to the standard formula. ERA patients were grouped as having low
disease activity (DAS28 score <3.2), moderate disease activity (=3.2 to <5.1) or
high disease activity (>5.1) according to the DAS28 score (Anderson et al., 2012).

Radiographic progression of ERA was assessed in X-rays of hands using
Sharp van der Heijde scores (evaluating the presence of joint space narrowing
and erosions), (van der Heijde, 2000). A qualified and experienced radiologist
evaluated the X-rays of all participating subjects. Sharp scoring applies for chan-
ges in X-rays of hands, and therefore further statistical analysis focused only on
the hand region.

4.2.7. Body structure evaluation

A Lunar Prodigy DXA machine was used to separately estimate arm, leg, whole
body bone mass both in ERA group and the population-based control group
(Paper I-11I); in Paper II hand total BMD (whole-hand DXA, all hand bones distal
from the wrist joint were included in the measurement), and BMC. Foot BMD
measurement was not conducted due to technical reasons. Paper III additionally
measured femoral neck, trochanter, lumbar spine (1-4th lumbar vertebrae, only
in ERA group), proximal and ultradistal radius BMD. In the BMD test, the T-
score was a comparison of a patient’s bone density with that of a healthy 30-year-
old of the same gender (Lu et al., 2001).

In Paper [, 11l were separately measured arm and leg lean, fat mass. A qualified
and experienced technician performed all DXA measurements on all participating
subjects. All the conducted structural measurements and functional tests have
been summarised in Table 1.

Table 1. Characteristics of study group’s evaluated structural and functional measure-

ments.
Structural measurements Functional tests
Arm, leg, whole body bone mass 30-CST
Arm and leg lean, fat mass Handgrip Strength Test
Hand total BMD and BMC

Femoral neck, trochanter, lumbar spine

BMD Proximal and ultradistal radius BMD
BMD, bone mineral density; BMC, bone mineral content. 30-CST, 30-Second Chair
Stand Test.
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4.2.8. Statistical analysis

Statistical analyses were performed using Statistica version 13.3 for Windows
and IBM SPSS Statistics version 27.0 for Windows.

All data were tested for normality. The continuous data were presented as
mean (£SD) if distributed normally, or else by median with 25% and 75% per-
centiles. The unpaired two-tailed Student’s t-test (for mean) and Mann-Whitney
U test (for median) were used to make comparisons between ERA patients and
controls.

Multiple linear regression with binary exposure variables was carried out, to
assess the bone, lean, and fat mass of arms and legs, as well as the muscle function
mean difference between ERA (ERA=1) and control group (control group=0).
The model was adjusted for age, gender, height and weight, as ERA patients dif-
fered from controls by age and gender. Multiple linear regression analysis was
done to assess in ERA the association of smoking to arms and legs bone mass;
the influence of CRP and the amount of consumed proteins to lean-mass changes
(Paper I).

In Paper II, multiple linear regression with binary exposure variables was used
to assess hand total BMD and BMC mean difference between ERA (ERA=1) and
control group (control group=0). The model was adjusted for age, gender, height,
and weight, as ERA patients differed from controls by age and gender. Multiple
linear regression analysis was conducted in ERA to assess the association of
smoking, different inflammation markers and bone, RA disease specific markers
(RF, anti-CCP) and usage of different medications (methotrexate-MTX; gluco-
corticoids—GCS) to hand BMD changes. Logistic regression analysis was used to
assess variables predicting RA specific X-ray erosive changes (Paper II).

In Paper III, multiple linear regression with binary exposure variables was
carried out to assess femoral neck, trochanter, proximal and ultradistal radius BMD;
with arm, leg and trunk bone mass mean difference between ERA (ERA=1) and
control group (control group=0). The model was adjusted for age, gender, height,
and weight, as ERA patients differed from controls by age and gender. Multiple
linear regression analysis was used to assess in ERA the association of smoking,
different inflammation markers and consuming of PUFAs to BMD and bone mass
changes in various skeletal regions.

Also, in Paper III multiple regression analysis (adjusted for age, gender,
height, and weight) was carried out both in ERA and control subjects to evaluate
if dietary intake of PUFAs was associated with arm and leg structural (fat, lean
mass) changes. Additional analysis of the ERA and control group females (ad-
justed for age, height, and weight) was conducted to diminish gender related body
structure differences.
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5. RESULTS

5.1. General characteristics of the study groups

The study group consisted of 83 ERA patients and 321 control subjects. 72% of
ERA subjects were female and mean age in the ERA group was 53 years (19—
79). ERA patients had significantly lower weight than controls (p=0.009).

Altogether, 71% of ERA patients were anti-CCP positive and 65% were RF
positive. The mean time from first RA symptoms (reported by the patients) was
88 days (48-245). Mean DAS28 score was 3.9+1.3, which corresponds to mode-
rate disease activity according to ACR recommendations (Fleischmann, 2020).
Most ERA patients (76%; 95% CI 65.3—84.6) had erosions in hand joints ac-
cording to Sharp scoring. 58% of ERA patients were using disease-modifying
anti-rheumatic drugs (DMARDs). Methotrexate (MTX) was the most often used
DMARD (40% of the group). Moreover, 27% (22) of ERA patients used gluco-
corticosteroids (GCS), 71% (59) nonsteroidal anti-inflammatory drugs (NSAIDs),
and additionally 25% (21) used vitamin D supplements. 34% of ERA patients and
21% of control subjects were smokers.

The inflammation markers CRP, IL-6, TNFa and IL1-b were all significantly
higher in the ERA group. Median CRP and TNFa were higher in male ERA pa-
tients, compared to ERA female patients, but the difference was not statistically
significant. OPG was almost two times higher in the ERA patients, as compared
to control-group subjects (446 pg/mL versus 227 pg/mL, p<0.0001), (Table 2).
The elevated level of OPG in ERA suggests an altered bone structure caused by
the inflammation.

Table 2. Characteristics of the study groups.

ERA patients Controls p-Value
(n=83) (n=321)
General characteristics
Age, years 52.7 (15.7) 47.9 (16.5) 0.018
Female gender, n (%) 60 (72) 175 (54) 0.004
Height, cm 166 (9) 171 (10) <0.0001
Weight, kg 74.7 (14.8) 80.2 (17.6) 0.009
BMI (kg/m?) 27.2 (5.6) 27.2(5.3) 0.960
Smoking (ever), n (%) 28 (34) 66 (21) 0.014
Inflammation markers
CRP mg/L 4.0 (1.6-18.0) 0.9 (0.2-2.5) <0.0001
ESR mm/h 20.7 (20.4) - -
IL-6 pg/ml 2.9 (0-19.0) 0 (0-0) <0.0001
TNFa pg/ml 2.2 (1.6-3.0) 1.8 (1.4-2.3) <0.0001
IL-1b pg/ml 0.1 (0-1.0) 0 (0-0) <0.0001
OPG pg/ml 446 (334-658) 227(177-299)  <0.0001

BMI, body mass index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
IL-6, interleukin — 6; TNFa, tumor necrosis factor alpha; IL-1b, interleukin — 1 beta; OPG,
osteoprotegerin. Values in table represent mean (SD) or median (with interquartile range).
Note: Adapted from Valner A et al. Factors associated with hand bone changes in early
rheumatoid arthritis. Musculoskeletal care. 2023;21(1):108-116.

29



5.2. Hand and leg structural and functional changes in
early rheumatoid arthritis

5.2.1. Bone mass changes (Paper I)

The arm and leg bone mass of ERA subjects did not differ from the bone mass of
population-based control subjects (Table 3).

Table 3. Mean estimated difference of body structure in ERA compared to controls.*

Dependent Regression Standard p-Value
Variable Coefficient (b) Error

Arm structure

Arm bone mass 9.6 6.5 0.144
Arm lean mass -304.6 98.8 0.002
Arm fat mass 220 62.0 0.0005
Leg structure

Leg bone mass 7.5 14.0 0.618
Leg lean mass -943.4 184.9 <0.0001
Leg fat mass 417.5 241.0 0.080

* Multiple regression models adjusted for age, gender, height and weight.
Note: Adapted from Valner A et al. Structural and Functional Changes of Hands and Legs
in Early Rheumatoid Arthritis. Medicina (Kaunas). 2021;57(4):317.

5.2.2. Hand and leg bone mineral density changes (Paper Il)

In the ERA group, the mean hand total BMD (0.37 g/cm? versus 0.41 g/cm?,
p<0.0001) was significantly lower compared with control subjects. Furthermore,
bone structure regression model confirmed that in ERA hand total bone mineral
density was already decreased (b -0.01, p=0.045) compared to control group
subjects (Table 4).

Table 4. Mean estimated difference of bone structure in ERA compared to controls.*

Dependent Regression Standard p-Value
Variable Coefficient (b) Error

Hand total BMD -0.01 0.006 0.045
Hand total BMC -0.43 0.61 0.488
Hand total Area 1.01 0.80 0.208

* Multiple regression models adjusted for age, gender, height and weight; BMD, bone
mineral density; BMC, bone mineral content.

Note: Adapted from Valner A et al. Factors associated with hand bone changes in early
rheumatoid arthritis. Musculoskeletal care. 2023;21(1):108-116.
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5.2.3. Bone mineral density in different body regions (Paper Ill)

Despite of the absence of arthritis in the hip area, BMD in the ERA group was
already significantly decreased in the femoral neck (p=0.027) and trochanter
regions (p=0.012) compared with the control group subjects (Table 5). At the
same time, peripheral BMD assessment of the radius area did not show significant
BMD lowering in ERA compared to the controls. Nevertheless, the median T-
score of our ERA patients yet indicated normal bone mineral density both in the
femoral neck and lumbar spine in accordance with the classification of BMD (Lu
etal., 2001).

Table 5. Characteristics of study group bone mineral density.

ERA patients Controls p-Value
(n=83) (n=321)
General BMD characteristics
Femoral neck BMD, g/cm? 0.97 (0.21) 1.02 (0.16) 0.027
Trochanter BMD, g/cm? 0.84 (0.17) 0.89 (0.16) 0.012
Total hip BMD, g/cm? 1.02 (0.17) 1.06 (0.16) 0.036
Lumbar L1- L4 BMD, g/cm? 1.17 (0.18) - -

BMD, bone mineral density. Values in table represent mean (SD).

Note: Adapted from Valner A et al. Does Dietary Polyunsaturated Fatty Acid Intake
Associate With Bone Mineral Density and Limb Structural Changes in Early
Rheumatoid Arthritis? Nutrition and metabolic insights. 2023;16:11786388231176169.

5.2.4. Lean and fat mass changes, muscle function alterations
(Paper)

We found that ERA subjects had lower arm (b -304.6, p=0.002) and leg (b -943 .4,
p<0.0001) lean mass compared to controls (Table 3). Correspondingly, ERA
patients had lower mean handgrip in the Handgrip Strength Test (b -0.08,
p<0.0001) and worse leg muscle strength in the 30-Second Chair Stand Test (b -
2.3, p=0.004) compared to control group subjects (Table 6). Arm fat mass was
higher (b 220.0, p=0.0005) in ERA subjects compared with controls, but there
was no difference in leg fat mass (Table 3).

Table 6. Mean estimated difference of muscle function in ERA compared to controls*

Dependent Regression Standard p-Value
Variable Coefficient (b) Error

Function

Mean handgrip -0.08 0.02 <0.0001
30-CST -2.3 0.8 0.004

* Multiple regression models adjusted for age, gender, height and weight; 30-CST, 30-
Second Chair Stand Test.

Note: Adapted from Valner A et al. Structural and Functional Changes of Hands and Legs
in Early Rheumatoid Arthritis. Medicina (Kaunas). 2021;57(4):317.
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Overall, we found that different structural and functional changes in hands and
legs were already present in early RA. Patients with early RA have lower arm and
leg lean mass, and accordingly decreased muscle function. Furthermore, they also
have higher fat mass in arms, but not legs. Arm and leg bone mass is not signifi-
cantly decreased in early RA, but hand BMD is lower compared to the population-
based control group. Moreover, regardless of the absence of arthritis, BMD in the
ERA group was significantly decreased in the femoral neck and trochanter regions,
but BMD of the radius area was still normal compared with the controls.

5.3. Laboratory markers associated with early rheumatoid
arthritis related structural changes of hand and leg

5.3.1. Markers associated with bone changes (Paper |, IlI)

The inflammation markers CRP, IL-6, TNFa and IL1-b were all significantly
higher in ERA subjects compared with population-based controls. Additional
analysis of the ERA females and population-based control females (adjusted for
age, height, and weight) was carried out to diminish gender related body structure
differences. In ERA female subjects, decreased arm bone mass was associated
with higher level of CRP (b -0.82, p=0.042). Still, no such association was noticed
in ERA female leg bone mass. A separate analysis of the males was not done due
to the smaller number of men participating in the study. In ERA subjects, arm
and leg bone mass changes were not associated with RF positivity and OPG.

To test if associations between regional BMD changes and inflammatory mar-
kers exist, different multiple regression models were built. Still, none of these
demonstrated significant associations between lumbar (Table 7), femoral neck,
proximal or ultradistal radius BMD changes and different serum inflammatory
markers in ERA patients. Anti-CCP positivity was associated with decreased
ultradistal radius BMD (b -0.047, p=0.036). Separate BMD assessment of these
ERA patients, who had received GCS was not done due to the small study groups.
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Table 7. Summary of regression analysis for variables predicting ERA-specific lumbar
BMD changes.*

Dependent Predictor Regression Standard p-Value

Variable Variable Coefficient (b) Error

L1-L4 BMD Smoking -0.042 0.043 0.335
CRP -0.001 0.001 0.471
IL-6 -0.001 0.001 0.179
TNFa 0.012 0.009 0.147
IL-1b -0.005 0.009 0.582
RF positivity -0.078 0.042 0.069
Proteins (g) 0.001 0.001 0.283
PUFAs (g) 0.008 0.004 0.058

* Different multiple regression models adjusted for age, gender. BMD, bone mineral
density; CRP, C-reactive protein; IL-6, interleukin-6; TNFa, tumour necrosis factor
alpha; IL-1b, interleukin-1 beta; RF, rheumatoid factor. RF positive, when RF >14
IU/mL. PUFAs, polyunsaturated fatty acids.

Note: Adapted from Valner A et al. Does Dietary Polyunsaturated Fatty Acid Intake As-
sociate With Bone Mineral Density and Limb Structural Changes in Early Rheumatoid
Arthritis? Nutrition and metabolic insights. 2023;16:11786388231176169.

5.3.2. Markers associated with lean mass changes (Paper I)

Analysis indicated that, in ERA, the lean mass of arms and legs was negatively
associated with CRP. Still, dietary intake of proteins did not have a significant
effect on lean mass changes, in either hands or legs (Table 8).

Table 8. Summary of regression analysis for variables predicting ERA-specific body
structural changes.*

Dependent Predictor Regression Standard p-Value

Variable Variable Coefficient (b) Error

Arm lean mass CRP -11.13 3.5 0.0002
Proteins -0.6 2.7 0.824

Leg lean mass CRP -18.6 9.2 0.047
Proteins 6.0 7.1 0.403

* Different multiple regression models adjusted for age, gender, height and weight.
Note: Adapted from Valner A et al. Structural and Functional Changes of Hands and Legs
in Early Rheumatoid Arthritis. Medicina (Kaunas). 2021;57(4):317.
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5.4. Variables predicting BMD changes and RA specific X-
ray erosive changes in early rheumatoid arthritis (Paper II)
The majority of our ERA patients had erosions in hand joints according to Sharp

scoring. In ERA patients, total hand BMD changes were not associated with the
appearance of erosions (Table 9).

Table 9. Summary of regression analysis for variables predicting ERA-specific hand total
BMD changes.*

Dependent Predictor Regression Standard p-Value

Variable Variable Coefficient (b) Error

Hand total Smoking 0.007 0.015 0.621

BMD BMI 0.002 0.001 0.075
CRP -0.001 0.0004 0.073
IL-6 -0.0005 0.0002 0.024
TNFa -0.003 0.003 0.332
IL-1b -0.002 0.003 0.442
Ca 0.014 0.032 0.659
25 (OH) Vitamin D 0.001 0.0003 0.002
OPG -0.00001 0.00002 0.651
PTH -0.00001 0.00003 0.722
RF positivity -0.033 0.014 0.021
Anti-CCP positivity -0.018 0.015 0.242
Using MTX 0.006 0.013 0.677
Using GCS -0.015 0.014 0.289
Presence of erosions -0.004 0.019 0.841
Proteins (g) 0.0002 0.0003 0.408

* Different multiple regression models adjusted for age, gender. BMD, bone mineral
density; BMI, body mass index; CRP, C-reactive protein; OPG, osteoprotegerin; PTH,
parathyroid hormone; RF, rheumatoid factor. RF positive, when RF >14 [U/mL; Anti-
CCP, anti-citrullinated protein antibodies. Anti-CCP positive, when >17 kU/L. MTX,
methotrexate; GCS, glucocorticoids.

Note: Adapted from Valner A et al. Factors associated with hand bone changes in early
rheumatoid arthritis. Musculoskeletal care. 2023;21(1):108-116.

In ERA subjects, decreased hand total BMD was associated with lower 25 (OH)
Vitamin D level (b 0.001, p=0.002), RF positivity (b -0.033, p=0.021) and higher
IL-6 (b -0.0005, p=0.024) value. However, OPG, CRP, using of GCS and anti-
CCP positivity did not seem to have significant association with hand total BMD
(Table 9).

Survey of only ERA patients indicated that an increased likelihood of having
RA specific erosive changes in hand X-rays was associated with increasing BMI
and smoking. Smokers were 10 times more likely to already have RA specific
hand X-ray changes in the early phase of disease. The presence of anti-CCP and
RF positivity did not relevantly contribute to early arthritis erosive changes in
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hands. While analysing laboratory markers for targeting treatment, we found that
the level of inflammation (CRP, IL-6, TNFa, IL-1b) as well as the amount of
consumed proteins did not seem to have significant effect in ERA on the appea-
rance of X-ray detected erosions (Table 10).

Table 10. Summary of logistic regression analysis for variables predicting RA specific
X-ray erosive changes.*

Dependent Predictor OR (95% CI) p-Value

Variable Variable

X-ray detected BMI (kg/m2) 1.17 (1.01-1.36) 0.036

erosions Smoking (ever) 9.74 (1.44-66.06) 0.020
CRP 0.98 (0.94-1.02) 0.362
IL-6 1.00 (0.98-1.03) 0.903
TNFa 0.83 (0.65-1.06) 0.139
IL-1b 0.80 (0.60—1.06) 0.122
OPG 0.99 (0.99-1.00) 0.090
RF positivity 0.67 (0.15-2.99) 0.602
Anti-CCP positivity 0.31 (0.05-1.83) 0.198
Proteins (g) 1.02 (0.99-1.05) 0.249
Arms bone mass (g) 1.00 (0.99-1.01) 0.942

* Different logistic regression models adjusted for age, gender. BMI, body mass index;
CRP, C-reactive protein; OPG, osteoprotegerin; RF, rheumatoid factor. RF positive,
when RF >14 TU/mL; Anti-CCP, anti-citrullinated protein antibodies. Anti-CCP
positive, when >17 kU/L.

Note: Adapted from Valner A et al. Factors associated with hand bone changes in early
rheumatoid arthritis. Musculoskeletal care. 2023;21(1):108-116.

5.5. Dietary habits associated with hand and leg structural
changes in early rheumatoid arthritis (Paper I, 11, 111)

ERA patients consumed fewer calories, proteins and fats (including polyunsatu-
rated fatty acids) compared with controls, (p<0.005). Still, there was no signifi-
cant difference in consumption of carbohydrates and alcohol between ERA pa-
tients and controls. Therefore, the further analysis concentrated on the evaluation
of associations between dietary intake of PUFAs, proteins and hand, leg structural
changes in ERA.

Regression analysis of the ERA group showed that only higher lumbar BMD
was associated with greater dietary consumption of PUFAs (b 0.008, p=0.058),
(Table 7). In both the ERA and control groups, arm and leg bone mass changes
were not associated with dietary intake of PUFAs. Furthermore, there was no
association between arm and leg lean mass changes and dietary intake of PUFAs.

Still, multiple regression analysis of the ERA group (adjusted for age, gender,
height, and weight) indicated that lowering of arm fat mass was associated with
elevated dietary consumption of PUFAs (b -28.17, p=0.020). At the same time,
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PUFA intake didn’t show significant effect on arm fat mass in the control group
(Table 11). Additional analysis of the ERA and control group females (adjusted
for age, height and weight) verified the same results: only in ERA females was
arm fat mass reduction associated with higher intake of PUFAs (b -35.50,
p=0.016). An analysis of the ERA females and population-based control females
was carried out to diminish gender related body structure differences. A separate
analysis of males was not done due to the smaller number of men participating in
the study.

Contrastingly, dietary intake of PUFAs didn’t show association with leg fat
mass changes both in the ERA and controls, including female subjects. This sug-
gests that in ERA, the decrease of arm fat mass was associated with higher dietary
consumption of PUFAs, and the result was not influenced by some other factor,
as the statistical models were adjusted.

Table 11. Summary of regression analysis for variables predicting ERA-specific body fat
changes.*

Dependent Predictor Regression Standard p-Value
Variable Variable Coefficient (b) Error

ERA arm fat mass PUFAs (g) -28.17 11.88 0.020
Control arm fat mass PUFAs(g) -2.23 3.31 0.501

* Different multiple regression models adjusted for age, gender, height and weight.
PUFAs, polyunsaturated fatty acids.

Note: Adapted from Valner A et al. Does Dietary Polyunsaturated Fatty Acid Intake
Associate With Bone Mineral Density and Limb Structural Changes in Early
Rheumatoid Arthritis? Nutrition and metabolic insights. 2023;16:11786388231176169.

In both ERA and controls, as in female groups, dietary intake of proteins did not
associate with bone mass changes both in arms and legs, or with hand total BMD
(Table 9) or lumbar BMD changes (Table 7). Moreover, the amount of dietary
consumed proteins did not associate with ERA hand or leg lean mass changes
(Table 8).

5.6. Smoking habits associated with hand and
leg structural changes in early rheumatoid arthritis
(Paper |, 11, 111)
Smoking is a health hazard. In ERA subjects, arm and leg bone mass changes
were not associated with smoking (Table 12). Smoking did not also seem to have
significant effect on hand total BMD (Table 9) nor on femoral neck, proximal or

ultradistal radius BMD. Moreover, it also did not have a significant effect on
muscle structural and functional changes, both on hands and legs.
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Table 12. Summary of regression analysis for variables predicting ERA-specific body
structural changes.*

Dependent Predictor Regression Standard p-Value
Variable Variable Coefficient (b) Error

Arm bone mass  Smoking 14.7 12.3 0.237
Leg bone mass Smoking 31.0 254 0.226

* Different multiple regression models adjusted for age, gender, height and weight.
Note: Adapted from Valner A et al. Structural and Functional Changes of Hands and Legs
in Early Rheumatoid Arthritis. Medicina (Kaunas). 2021;57(4):317.

Summary of structural and functional changes
of hands and legs in ERA

HANDS

BONE MASS: not significantly decreased in ERA.
Hand BMD: | in ERA.
o | associated with higher serum level of IL-6 and positive RF.
o Hand BMD changes were not associated with the occurrence of
erosions.
EROSIONS
o Smoking habitst the RA-specific erosive changes risk 10x.
o Higher BMI? the RA-specific erosive changes risk.
LEAN MASS: lean mass| and decreased muscle function in ERA.
o | associated with higher level of CRP.
FAT MASS: 1 in ERA.
o lassociated with elevated dietary intake of PUFAs.

BONE MASS: not significantly decreased in ERA.

LEAN MASS: lean mass| and decreased muscle function in ERA.
o | associated with higher level of CRP.

FAT MASS: no significant change in ERA.
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6. DISCUSSION

6.1. Hand and leg structure and function in early
rheumatoid arthritis

The concept of “early rheumatoid arthritis” aims to promote early diagnosis and
aggressive treatment to avoid or postpone major structural damage and improve
quality of life. The speed of development of respective changes has received more
attention in recent research. Our study was undertaken to find out if there are
different structural and functional changes of upper and lower limbs already pre-
sent in ERA and if the changes in hands and legs are similar. We also evaluated
factors associated with these arthritis-related hand and leg structural and functio-
nal changes in early rheumatoid arthritis.

The results of the study (Paper I) imply that there are structural and functional
changes of hands and legs already present in the early stage of RA, and these
changes do not develop simultaneously. Our patients were assessed when they
were first referred to a rheumatologist consultation. In average, it occurred 88
days after the onset of the first symptoms. We found that 76% of patients already
had hand erosions at this early phase. However, as our study indicated, arm and
leg bone mass was not significantly decreased in early RA compared with the
population-based control group. This is in contrast to findings by Forslind et al.
(2003), who reported a bone mass decrease just a few months after disease onset.
The difference could have resulted from the other study only measuring bone
mass in the trochanter area of the femur. Another study of inflammatory arthritis
patients by Brunet et al. (2021) failed to find a decrease in bone mass using high-
resolution peripheral quantitative computed tomography.

While bone mass assessment using DXA provides a composite measure of
bone size and mineral density (DiMeglio et al., 2013), bone mineral density is
defined as the amount of minerals contained in a specific area of bone (Clasey et
al., 1997). Bone mass is considered a determinant of bone strength (DiMeglio et
al., 2013) and BMD assessment is used to screen for the presence of osteoporosis.
As a decrease in bone mass and BMD may already appear in the early stage of
RA (Daragon et al., 2001; Forslind et al., 2003; Hill et al., 2010), it is crucial to
identify different bone alterations as early as possible. Our study confirmed that
in ERA there is already a very early decrease in hand BMD. Prior research has
also demonstrated a hand BMD decrease in ERA (Haugeberg et al., 2007; Black
et al., 2014; Szentpetery et al., 2016; Ziegelasch et al., 2017). Still, our research
showed a significant BMD decrease already at the time of diagnosis, meaning
that the BMD change in our ERA patients occurred earlier than found in previous
research. As the median time from the clinical manifestation of RA symptoms of
our ERA subjects was 88 days, this indicates the presence of a decrease in hand
BMD already in a very short duration of RA. This is relevant finding, as it has
been stated before that the accelerated hand BMD loss in the first year of RA is
related to progressive joint damage in both hands and feet. Hand BMD lowering

38



in the first year of ERA predicts future progressive joint damage (Giiler-Yiiksel
et al., 2010). Furthermore, recent research using digital X-ray radiogrammetry
has suggested that BMD lowering in metacarpal bones already in the first three
months of ERA could independently predict radiographic joint damage after just
one year of arthritis (Ziegelasch et al., 2017). In ERA, lowering of hand BMD
may be the earliest sign caused by inflammation and may precede the occurrence
of erosions (Black et al., 2014). At present, assessment of hand BMD is not a
standard procedure in ERA. Accounting for the findings of our study, we propose
hand BMD evaluation as an additionally beneficial procedure for observing
disease activity. Additionally, without the presence of clinically active arthritis,
the axial skeleton BMD of our ERA subjects was also significantly decreased
compared with controls, indicating the systemic effect of inflammation. A pre-
vious study by Sahin et al. (2006) also reported lumbar and femoral neck BMD
lowering in female RA subjects. We thus demonstrated that the bone changes
occur very early in the development of the disease.

In our ERA patients, the most noticeable changes were in limb lean mass,
specifically their prevalent reduction. The predominant change in leg lean mass
is possibly due to anatomy, as the muscle mass of legs is greater than that in
hands, and therefore the decrease in leg muscle mass due to inflammation can be
more evident. Correspondingly, ERA subjects had significantly worse muscle
function of hands in HST and legs in the 30-S CST. The results suggest that leg
muscle function is already impaired at the early stage of RA due to lower leg lean
mass. Furthermore, in ERA subjects, mean handgrip may also decrease due to
reduced arm lean mass. Our results confirmed previous research demonstrating
that ERA patients had lower muscle volume compared with control subjects,
indicating the appearance of muscle atrophy in RA (Turk et al., 2018; Farrow et
al., 2021). In ERA, hand bone loss in the first six months of disease duration is
considered to predict poor hand function at a five-year follow-up (Deodhar et al.,
2003; Haugeberg et al., 2006). As muscle strength plays an important role in
preventing RA-related bone loss (Liphardt et al., 2020), it is crucial that ERA
patients be physically active. However, our study was the first to separately
evaluate hand and leg lean mass in ERA, and show that in both areas, lean mass
and function decrease in parallel.

Our study shows that ERA patients had higher arm fat mass, but no significant
difference in leg fat mass compared with control group subjects. The change in
leg fat mass may not be so evident due to anatomical reasons. It is possible that
muscle mass decrease in legs and increase of fat mass without body weight
changes is not yet so evident in legs as they have greater muscle mass. A study
by Turk et al. (2018) also reported that longer symptom duration in ERA was
associated with an increased body fat mass (Turk et al., 2018). Still, our study
was the first to show that in ERA there is only a relevant increase of hand, but
not leg, fat mass. The data suggest that in ERA, lean mass may lower due to the
inflammation, and as a result possibly increase the proportion of arm fat.

RA inflammatory activity is mainly assessed using the DAS28 score, although
it does not cover feet (Andersson et al., 2021). However, foot joint involvement
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is common in ERA (Michelson et al., 1994; Stolt et al., 2017; Andersson et al.,
2021), impacting everyday life and coping (Williams et al., 2012; Stolt et al.,
2017). Furthermore, after 3 years of disease duration, up to 20% of cases have
RA-related radiographic joint damage of hand and feet joints (van der Heijde et
al., 1992). A study of ERA subjects indicated that erosions were similarly appa-
rent both in hand and leg joints (Boutry et al., 2003; Calisir et al., 2007) and 77%
of patients had erosive changes in MTP joints (Boutry et al., 2003). In our ERA
subjects, we only used hand X-rays to evaluate erosive joint destruction, so we
therefore cannot assess the extent of leg joint damage. Still, we found a majority
(76%) of our ERA subjects already had erosive changes hand X-rays in the early
stage of disease, suggesting an active disease.

In RA, the causes of joint damage may differ between hand and leg joints, as
shown by differences in radiographic damage according to Sharp van der Heijde
scoring (Terao et al., 2015). For that reason, in ERA, additional separate assess-
ments of the legs in addition to hands offers an extra tool allowing earlier and
more precise diagnosis, and via it enabling earlier treatment.

6.2. Inflammatory markers association with hand and
leg structural, functional changes in early rheumatoid
arthritis

While assessing the associations between hand and leg structural and functional
changes with inflammatory markers in ERA, we found significantly higher levels
of OPG compared with controls. We also noticed a tendency for OPG to be higher
in patients with clinically active arthritis according to DAS28 scoring. This means
that in the presence of a higher DAS28 score, OPG levels were also elevated,
suggesting the effects of inflammation. That is in line with the results of a recent
meta-analysis, which showed that the level of OPG was positively associated with
RA disease duration and activity, BMI (Wang et al., 2017). Soliman et al. (2024)
also found a positive correlation between the serum OPG and the synovitis in RA.
It has been suggested that the levels of OPG may vary at different RA disease
stages, being elevated in ERA, but not in longstanding disease (Liu et al., 2010;
Soliman et al., 2024). Also, OPG is influenced by testosterone. In men, testo-
sterone inhibits production of OPG (Bianchi, 2018). Compared to normal-weight
controls, obese women had significantly lower serum concentrations of OPG.
Furthermore, additional weight lowering resulted in further decrease of OPG
serum concentrations (Holecki et al., 2007). Surprisingly, our ERA female
patients had higher levels of OPG, possibly due to higher total body fat mass and
lower testosterone levels, compared to males. OPG was measured in our RA
patients, as it may possibly be a sensitive method for detection of active bone and
cartilage destruction in RA (Karsdal et al., 2011; Soliman et al., 2024). In our
ERA patients, arm and leg bone mass changes were not associated with OPG,
possibly due to the early stage of RA disease. Nevertheless, the results of our
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research confirmed the previous data of higher OPG level in the early phase of
RA and the tendency of OPG to be elevated in active arthritis. Therefore, OPG
could be considered an additional diagnostical marker suggesting inflammatory
activity and active joint damage in RA.

In our ERA patients, lower lean mass of arms and legs was associated with
higher CRP value, suggesting the systemic effect of inflammation. Similarly, Koo
et al. (2020) found that patients with long-standing RA had lower appendicular
lean mass, which correlated with higher disease activity. Furthermore, our ERA
subjects also had higher hand fat mass. Still, the increase of leg fat mass was not
so evident. Our results confirm the previous research, that RA related inflamma-
tion is related to lowering of muscle mass in a stable or increased fat mass
(Engvall et al., 2008), being present already in the early stage of RA (Gioia et al.,
2020). Additionally, RA-patients had differing tissue structure in arms and legs
compared to the general population (Koo et al., 2020). Moreover, it was reported
that muscle wasting in RA was more likely to appear in subjects with higher
disease activity (Mochizuki et al., 2019; Baker et al., 2021; Angstrom et al.,
2023); low body weight, waist circumference and BMI (Angstrom et al., 2023).
As anticipated, in our ERA patients muscle loss was associated with worsening
of physical function that was also reported in other studies (Baker et al., 2021;
Angstrom et al., 2023) indicating the systemic nature of RA disease. For that
reason, early diagnosis and treatment is necessary to avoid muscle loss caused by
inflammation.

6.3. Hand bone mineral density and appearance of arthritis
related erosions in early rheumatoid arthritis

In paper II, we aimed to assess if hand bone mineral density is related to the
appearance of arthritis associated erosions. A qualified and experienced radio-
logist evaluated hand X-rays of all ERA subjects to identify the presence of
erosions. In later analysis, the findings were stratified as the erosive changes were
present or not. We discovered that more than 70% of our ERA patients already
had erosions in the early stage of disease and hand BMD was also lowered due
to ERA. Nevertheless, we did not observe an association between hand BMD
changes and erosion presence.

Periarticular osteoporosis can already be present in ERA (Alenfeld et al.,
2000). Hand BMD lowering may appear before the manifestation of erosions and
hand BMD loss has itself been previously associated with increased predisposi-
tion to erosive changes (Black et al., 2014). Erosions are associated with juxta-
articular bone loss (Arboleya et al., 2013; Guo et al., 2018; Llorente et al., 2020).
Additionally, the presence of erosions and wrist BMD decreases in ERA is
associated with longer disease duration (Wang et al., 2015). In our ERA patients,
the median time from the clinical manifestation of RA symptoms was only 88 days.
Possibly, therefore, the results of our study did not show association between a
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decrease in hand BMD and the appearance of erosions in ERA, due to the short-
term duration of arthritis. The finding is in accordance with the data reported by
Ziegelasch et al. (2017), that early hand BMD decrease alone could predict radio-
graphic joint damage (including erosive changes) only after one year of disease
onset. Still, the absence of the association in the early stage does not mean that
the finding will not possibly appear in the later phase of RA. In ERA, erosions
are just probably small and therefore the association between hand BMD changes
and presence of erosions is not relevant. Moreover, a recent study also found that
in RA carpus, metacarpal bones, and phalanges BMD was also lowered (Brance
etal., 2023). Therefore, it is also possible that the association between hand BMD
lowering and the appearance of erosions in our ERA patients was not so evident,
as we did not conduct additional DXA of the juxta-articular region (metacarpal
bones), the region that is associated with bone erosions. Early BMD lowering
may predict poor functional outcome (Deodhar et al., 2003), still currently in
ERA, hand BMD assessment is not a standard procedure. The data of our con-
ducted study suggest that in ERA, hand BMD evaluation could also be a useful
method for rheumatologists for monitoring the course of the disease. Further-
more, considering the data, we suggest hand BMD evaluating at the diagnosis of
RA, especially for patients who do not have erosive changes in hand X-rays.

6.4. Markers related to hand bone mineral density
lowering and RA specific X-ray erosive changes in early
rheumatoid arthritis

The second paper also focused on finding laboratory markers that might relate to
hand bone mineral density lowering and erosive changes in early rheumatoid
arthritis. The markers associated with ERA with a decrease in hand BMD, and
the appearance of erosions, were different.

Vitamin D may affect the immune system (Medrano et al., 2018) and its defi-
ciency can lead to osteoporosis (Tomizawa et al., 2019; Kwon et al., 2020). In
our ERA patients, lower total hand BMD was associated with lower serum 25
(OH) Vitamin D levels. The results of our study are in accordance with previous
data suggesting vitamin D levels are important in ERA. Still, these associations
need further research, as the measuring of vitamin D in our study was not on a
specific season due to the long-term gathering of the study groups, and some ERA
patients used Vitamin D supplements. Recent studies have reported that patients
with more active RA had a lower serum vitamin D level (Zakeri et al., 2016; Tv
et al., 2023). Vitamin D can reduce tender joints count and via it influence the
DAS28 score (Chandrashekara et al., 2017; Guan et al., 2020).

Our results on the presence of RF confirmed the previous data, which showed
that hand BMD changes were negatively associated with RF positivity, sug-
gesting the systemic nature of RA. A recent study reported that the presence of
RF in RA is associated with low BMD, especially in the femoral neck (Sargin et
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al., 2019). Furthermore, in the presence of high RF levels, systemic BMD may
already be reduced in patients with ERA (Bugatti et al., 2016).

We did not find an association between anti-CCP positivity and hand BMD
lowering, presumably due to the early stage of RA disease studied. Our results
were in line with previous research concerning metacarpophalangeal joints BMD
(Llorente et al., 2017; Regueiro et al., 2018). In our ERA patients, the presence
of erosions itself did not seem to have a relevant impact on hand BMD.
Furthermore, anti-CCP and RF positivity also did not contribute notably to early
arthritis erosive changes of hands in our ERA subjects, possibly due to the early
stage of disease.

Pro-inflammatory cytokines, specifically TNF, IL-1, and IL-6, play an impor-
tant role in the pathogenesis of inflammation-mediated bone loss (Takayanagi et
al., 2000) by increasing bone resorption (Sargin et al., 2019). Furthermore, IL-6
has a direct impact on general and local bone loss (Llorente et al., 2020), leading
to erosive changes via elevating RANKL expression (Kondo et al., 2017). A
recent study reported that higher IL-6 plasma levels were associated with a higher
risk of erosiveness (Fedele et al., 2018). The results of our study indicated that
only IL-6 was negatively associated with hand BMD changes. The data is in
accordance with previous research demonstrating that IL-6 has a crucial destruc-
tive role in RA and osteoporosis (Blanchard et al., 2009). Hand BMD evaluation
together with the serum level of IL-6 could possibly be an additional method for
selecting out ERA patients, who need earlier aggressive treatment. Contradictori-
ly, IL-6 did not seem to have significant effect on the occurrence of erosive chan-
ges in our ERA subjects. Furthermore, the level of CRP, TNFa, IL-1b also did
not seem to have relevant effect on the appearance of X-ray detected erosions in
ERA. The associations were not evident possibly due to the early phase of RA
disease.

Moreover, the value of OPG was also elevated in our ERA subjects, possibly
due to systemic inflammation. We tried to find associations between OPG and
BMD, as well as erosive changes, as the osteoclastogenesis (mediated via the
RANKL/OPG route) has an essential part in the development of erosions and
periarticular osteoporosis in RA (Haugeberg et al., 2003). Still, the level of OPG
itself did not seem to have relevant impact on hand BMD nor on the appearance
of erosive changes on X-ray of hands, possibly due to the early stage of arthritis.

The results of our study indicated that increasing BMI was associated with an
increased likelihood of having RA specific erosions in hand X-rays, differently
from previous research (Vidal et al., 2015; Rydell et al., 2018; Rydell et al., 2021).
Nevertheless, our results are supported by the data of a metanalysis, reporting that
higher BMI was related with an elevated risk of RA (Ohno et al., 2020) and pos-
sibly with a more erosive RA disease subset, as inflammatory cytokines are also
produced by adipocytes. Furthermore, adiposity itself was associated with ele-
vated inflammatory markers (Giles et al., 2008). Still, we did not find an
association between BMI and hand BMD changes.
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6.5. Hand and leg structural change association with
dietary and smoking habits in early rheumatoid arthritis

In papers I-1II we aimed to identify if hand and leg structural changes in early
rheumatoid arthritis associate with dietary and smoking habits. Several studies
have reported that nutritional factors have a role in RA (Khanna et al., 2017).
Therefore, dietary and smoking habits were chosen for the analysis, as they are
modifiable lifestyle habits by the patients themselves.

6.5.1. Dietary habits

The dietary consuming of PUFAs could alleviate RA symptoms (Kim et al.,
2018), especially omega-3 PUFAs, which have well documented anti-inflamma-
tory effects (Yates et al., 2014). In our study, higher lumbar BMD showed a
strong tendency to be related to higher consumption of PUFAs. The result is in
accordance with previous data showing that an elevated ratio of omega-3/omega-
6 fatty acid in diet can be regarded as a defensive element against BMD lowering
(Albertazzi et al., 2002; Navarini et al., 2017). Nevertheless, the association may
have been weaker in our ERA subjects, as they consumed less fats compared with
control subjects and it is possible that some subjects underreported nutrition in
their 24-hour dietary recall interviews.

The supplementation of omega-3 fatty acids has also been found to have posi-
tive effects in maintaining muscle mass (Tachtsis et al., 2018; Cena et al., 2020)
and strength (Bird et al., 2021; Ma et al., 2021), as well as physical performance
(Therdyothin et al., 2023). Our ERA subjects’ arm and leg lean mass changes did
not relate to dietary consumption of PUFAs. We believe this was due to the short
duration of arthritis.

However, the arm fat mass decrease of our ERA subjects was associated with
increased dietary consumption of PUFAs, indicating the antioxidative effects of
PUFAs (Richard et al., 2008). Contrastingly, leg fat mass changes did not show
significant associations with intake of PUFAs, possibly due to anatomical rea-
sons. Still, PUFA supplementation is already an official recommendation in France
to RA patients for symptomatic relief (Daien et al., 2022). Considering the pos-
sible positive effect of its supplementation, it could be considered a recommen-
dation in other countries. Omega-3 PUFAs could especially be recommended to
ERA patients.

The lowering of lean mass of arm and leg in our ERA subjects was not related
to a lower protein intake. Furthermore, in our patients, the amount of consumed
proteins did not also seem to have a significant impact on hand BMD changes,
nor on the occurrence of RA-specific erosions. This is probably due to the short
duration of RA. Additionally, it may be possible that some subjects underreported
their nutrition in the 24-hour dietary recall interview, and therefore the associa-
tions were not evident.
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6.5.2. Smoking habits

Smoking is a risk factor for lower BMD both in the general population and in RA
(Llorente et al., 2020). Furthermore, cigarette smoke may also have a negative
impact on cartilage metabolism and thus increase the risk of articular cartilage
loss (Amin et al., 2007). In our ERA subjects, BMD changes due to smoking
habits were not significant, due to the short duration of RA disease. Still, we
noticed that among our ERA patients, smokers were 10 times more likely to al-
ready have RA-specific erosive hand X-ray changes in the early stages of disease.
The finding is in accordance with previous data that smoking is a risk factor for
progression of erosive changes (van der Linden et al., 2009; Llorente et al., 2020;
Elzorkany et al., 2021).

6.6. Summary

Combined hand and leg structural and functional changes in ERA, as well as the
factors that associate with these changes, are not often the focus of medical stu-
dies, resulting in a research gap. In clinical practice, hand involvement is the fre-
quent reason for rheumatologist appointments, as hand joint complaints may be
more disabling, interfere with normal hand function, and thus greatly impair qua-
lity of life. Furthermore, hands are typically more examined, have more diag-
nostic procedures conducted, and even the most commonly-used scales exclude
the small joints of legs while assessing arthritis activity. Still, in RA, the structural
and functional changes of both hands and legs can cause remarkable decreases in
quality of life. Therefore, our study of separate assessment of hand and leg struc-
tural and functional alterations, in addition to the markers that might be related to
these changes, was conducted to better understand the course of ERA. Our fin-
dings demonstrate early RA already features differing structural and functional
changes to hands and legs, indicating the systemic influence of inflammation.
ERA patients have decreased lean mass of arm and leg, and correspondingly an
impaired muscle function. Moreover, they also have higher arm (but not leg) fat
mass. Arm and leg bone mass is not yet considerably lowered in ERA, but hand
BMD was already decreased compared with our population-based control group.
Higher inflammatory activity in ERA is associated with lower arm and leg lean
mass, as well as decreased hand BMD. Reduced hand BMD is related to lower
Vitamin D levels. Furthermore, in ERA, higher consumption of PUFAs is as-
sociated with lower arm fat mass. OPG could be considered as an extra diag-
nostical marker when evaluating inflammatory activity and joint damage in the
early phase of rheumatoid arthritis.

Arthritis involvement may differ among patients. Thus, it is relevant in ERA
to evaluate hands and legs in parallel. As a practical implication, an additional
assessment of hand BMD and muscle mass together with evaluation of serum
level IL-6 could enable to personalize dietary and training suggestions for the
ERA patients and help to select better treatment strategies.
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7. STRENGTHS AND LIMITATIONS

The strength of our study is that the median time from the clinical manifestation
of RA symptoms was 88 days in our ERA patients, indicating that enrolled sub-
jects had a very short duration of RA disease, enabling us to better examine
patients in the early stage of the RA disease. It can also be considered a strength
that we examined the structural and functional changes in ERA in parallel in
upper and lower limbs, obtaining a better overview of the various changes that
appear in different areas.

There are some limitations of our research that should be acknowledged and
taken into consideration when interpreting the results. Our study was limited by
small study groups, due to the small total size of the Estonian population. The
gender differences of the study groups (ERA and controls) can also be regarded
a limitation, although, we tried to match them as much as possible by adjusting
models for age, gender, height, and weight.

In paper we did not assess the level of sex hormones, which can possibly alter
RA’s disease course.

The study’s short period of nutritional assessment (24 hours) was an additional
limitation. Considering the low mean amount of consumed calories in the study
group, it is possible that some subjects underreported their nutrition in the 24-
hour dietary recall interview. Nevertheless, the statistical analysis confirmed a
significant association between the consumption of dietary PUFAs and a reduc-
tion in arm fat mass in ERA subjects. The finding was relevant and not influenced
by some other factor, as the statistical models were adjusted accordingly.
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8. FUTURE PERSPECTIVES

Our research indicates that in ERA, hand BMD is already decreased and elevated
serum values of IL-6 associate with lower hand BMD. Presently, hand BMD
assessment is not a standard procedure in early stage of RA. Measuring IL-6
values together in evaluating hand BMD could be advantageous for monitoring
disease activity and be an additional method for finding ERA patients needing
earlier aggressive treatment. Future studies should also explore leg BMD changes
in ERA and the changes association with inflammatory markers.

Our results also demonstrated that in ERA, lean mass of hands and legs was
already decreased, as well as was the corresponding muscle function impaired
due to inflammation. Future research should focus on exploring limb structural
change associations with other markers.

OPG levels were significantly higher in the ERA group. As OPG may poten-
tially be a sensitive method for detection of active joint damage in RA, further
research is needed to confirm its benefit in everyday practice.

Our data also showed the beneficial effect of dietary choices in ERA. A diet
rich in PUFAs could alleviate RA related structural changes to extremities.
Promoting healthy dietary practices could be beneficial in ERA, still additional
clinical trials are needed.

The research revealed that there are structural and functional changes of
extremities already present in early phase of RA, indicating the relevance of early
diagnostics and early treatment. Healthy nutritional habits and lifestyle changes
can potentially improve health outcomes.
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9. CONCLUSIONS

1. Different structural and functional changes of hands and legs are already
present in majority of patients with early rheumatoid arthritis (ERA) at the
time of diagnosis (aim 1).

2. Patients with ERA have lower lean mass of arms and legs and, accordingly,
decreased muscle function. Furthermore, they also have higher fat mass of
arms, but not legs. Arms and legs bone mass is not significantly decreased in
early RA, but hand bone mineral density (BMD) is already lowered compared
with the population-based control group (aim 1).

3. The lowering of lean mass of arms and legs in early RA is associated with
higher inflammatory activity, reflecting systemic nature of RA damage (aim
2).

4. The appearance of erosions in early RA is not associated with hand BMD
changes, even though a majority of early RA patients already have erosions in
the early stage of disease (aim 3).

5. The factors that associate with hand BMD lowering and appearance of
erosions in early RA are dissimilar. Decrease of hand BMD is associated with
higher value of IL-6 and positive rheumatoid factor. At the same time, lifestyle
factors such as a higher body mass index score and smoking habits are as-
sociated with an increased likelihood of having erosive changes in hand X-
rays. Smoking habits raise the erosive changes appearance risk by a factor of
10 (aim 4).

6. Out of dietary factors studied, only higher consumption of polyunsaturated
fatty acids (PUFAs) is associated with a reduced arm fat mass. Smoking habits
do not seem to have relevant effect on bone mass, muscle structural and func-
tional changes, both on hands and legs in early RA (aim 5).

The findings of this study help to clarify the profile of some factors associated
with hand and leg structural changes in early RA. Hand BMD lowering, sym-
metrical reduction of hand and leg lean mass as well as increase of hand fat mass
can be early alterations in RA. As arthritis involvement may vary, it is relevant
in ERA to evaluate hands and legs in parallel. Lower hand BMD is associated
with lower serum 25 (OH) Vitamin D levels, indicating the need to already mea-
sure Vitamin D in the early phase of RA. Furthermore, OPG could be regarded
an additional diagnostical marker suggesting, inflammatory activity and active
joint damage in RA.

In addition to the usual X-ray of hands, assessment of hand BMD and muscle
mass in conjunction with evaluation of serum level IL-6 could permit better pro-
filing of ERA patients and choosing more comprehensive and effective treatment
strategies.

48



10. REFERENCES

Abdel Meguid MH, Hamad YH, Swilam RS, Barakat MS. Relation of interleukin-6 in
rheumatoid arthritis patients to systemic bone loss and structural bone damage. Rheu-
matol Int. 2013;33(3):697-703.

Al-Bashaireh AM, Haddad LG, Weaver M, Chengguo X, Kelly DL, Yoon S. The effect
of tobacco smoking on bone mass: An overview of pathophysiologic mechanisms. J
Osteoporos. 2018;2018:1206235.

Albertazzi P, Coupland K. Polyunsaturated fatty acids: Is there a role in postmenopausal
osteoporosis prevention? Maturitas. 2002;42(1):13-22.

Alenfeld FE, Diessel E, Brezger M, Sieper J, Felsenberg D, Braun J. Detailed analyses of
periarticular osteoporosis in rheumatoid arthritis. Osteoporos Int. 2000;11(5):400-
407.

Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO 3rd, Birnbaum NS,
Burmester GR, Bykerk VP, Cohen MD, Combe B, Costenbader KH, Dougados M,
Emery P, Ferraccioli G, Hazes JM, Hobbs K, Huizinga TW, Kavanaugh A, Kay J, et
al. 2010 rheumatoid arthritis classification criteria: an American College of Rheuma-
tology/European League Against Rheumatism collaborative initiative. Ann Rheum
Dis. 2010;69(9):1580-1588.

Amin S, Niu J, Guermazi A, Grigoryan M, Hunter DJ, Clancy M, LaValley MP, Genant
HK, Felson DT. Cigarette smoking and the risk for cartilage loss and knee pain in men
with knee osteoarthritis. Ann Rheum Dis. 2007;66(1):18-22.

Amkreutz JAM, de Moel EC, Theander L, Willim M, Heimans L, Nilsson JA, Karlsson
MK, Huizinga TWJ, Akesson KE, Jacobsson LTH, Allaart CF, Turesson C, van der
Woude D. Association between bone mineral density and autoantibodies in patients
with rheumatoid arthritis. Arthritis Rheumatol. 2021;73(6):921-930.

Anderson J, Caplan L, Yazdany J, Robbins ML, Neogi T, Michaud K, Saag KG, O'Dell
JR, Kazi S. Rheumatoid arthritis disease activity measures: American College of
Rheumatology recommendations for use in clinical practice. Arthritis Care Res.
2012;64(5):640-647.

Andersson ML, Svensson B, Forslind K. Distribution of erosions in hands and feet at the
time for the diagnosis of RA and during 8-year follow-up. Clin Rheumatol. 2021;
40(5):1799-1810.

Arboleya L, Castafieda S. Osteoimmunology: the study of the relationship between the
immune system and bone tissue. Reumatol Clin. 2013;9(5):303-315.

Asanuma Y, Chung CP, Oeser A, Solus JF, Avalos I, Gebretsadik T, Shintani A, Raggi
P, Sokka T, Pincus T, Stein CM. Serum osteoprotegerin is increased and independent-
ly associated with coronary-artery atherosclerosis in patients with rheumatoid arthri-
tis. Atherosclerosis. 2007;195(2):e135-e141.

Azizov V, Zaiss MM. Alcohol consumption in rheumatoid arthritis: A path through the
immune system. Nutrients. 2021;13(4):1324.

Baker JF, Mostoufi-Moab S, Long J, Taratuta E, Leonard MB, Zemel B. Association of
low muscle density with deteriorations in muscle strength and physical functioning in
rheumatoid arthritis. Arthritis Care Res (Hoboken). 2021;73(3):355-63.

Bala A, Mondal C, Haldar PK, Khandelwal B. Oxidative stress in inflammatory cells of
patients with rheumatoid arthritis: Clinical efficacy of dietary antioxidants. Inflammo-
pharmacology. 2017;25(6):595-607.

Balint GP, Korda J, Hangody L, Balint PV. Regional musculoskeletal conditions: foot
and ankle disorders. Best Pract Res Clin Rheumatol. 2003;17(1):87-111.

49



Barhamain AS, Magliah RF, Shaheen MH, Munassar SF, Falemban AM, Alshareef MM,
et al. The journey of rheumatoid arthritis patients: A review of reported lag times from
the onset of symptoms. Open Access Rheumatol. 2017;9:139-50.

Bartali B, Frongillo EA, Stipanuk MH, Bandinelli S, Salvini S, Palli D, et al. Protein
intake and muscle strength in older persons: Does inflammation matter? J] Am Geriatr
Soc. 2012;60(3):480-4.

Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et al. Evidence-
based recommendations for optimal dietary protein intake in older people: A position
paper from the PROT-AGE study group. J] Am Med Dir Assoc. 2013;14(8):542-9.

Bauer J, Morley JE, Schols AMWIJ, Ferrucci L, Cruz-Jentoft AJ, Dent E, et al. Sarco-
penia: A time for action. An SCWD position paper. J Cachexia Sarcopenia Muscle.
2019;10(5):956-61.

Baumgartner RN, Wayne SJ, Waters DL, Janssen I, Gallagher D, Morley JE. Sarcopenic
obesity predicts instrumental activities of daily living disability in the elderly. Obes
Res. 2004;12(12):1995-2004.

Bianchi VE. The anti-inflammatory effects of testosterone. J Endocr Soc. 2018;3(1):91—
107.

Bird JK, Troesch B, Warnke I, Calder PC. The effect of long-chain omega-3 polyun-
saturated fatty acids on muscle mass and function in sarcopenia: A scoping systematic
review and meta-analysis. Clin Nutr ESPEN. 2021;46:73-86.

Black RJ, Spargo L, Schultz C, Chatterton B, Cleland L, Lester S, et al. Decline in hand
bone mineral density indicates increased risk of erosive change in early rheumatoid
arthritis. Arthritis Care Res (Hoboken). 2014;66(4):515-22.

Blanchard F, Duplomb L, Baud'huin M, Brounais B. The dual role of IL-6-type cytokines
on bone remodeling and bone tumors. Cytokine Growth Factor Rev. 2009;20(1):19—
28.

Book C, Karlsson MK, Akesson K, Jacobsson LT. Early rheumatoid arthritis and body
composition. Rheumatology (Oxford). 2009;48(9):1128-32.

Boutry N, Lardé A, Lapegue F, Solau-Gervais E, Flipo RM, Cotten A. Magnetic reso-
nance imaging appearance of the hands and feet in patients with early rheumatoid
arthritis. ] Rheumatol. 2003;30(4):671-9.

Brance ML, Razzini A, Pons-Estel BA, Quagliato NJ, Jorfen M, Berbotto G, et al. Whole-
hand and regional bone mineral density involvement in rheumatoid arthritis. Reumatol
Clin. 2023;19(10):555-9.

Brunet SC, Finzel S, Engelke K, Boyd SK, Barnabe C, Manske SL. Bone changes in early
inflammatory arthritis assessed with high-resolution peripheral quantitative computed
tomography (HR-pQCT): A 12-month cohort study. Joint Bone Spine. 2021;88(1):
105065.

Bruno D, Fedele AL, Tolusso B, Barini A, Petricca L, Di Mario C, et al. Systemic bone
density at disease onset is associated with joint erosion progression in early naive to
treatment rtheumatoid arthritis: A prospective 12-month follow-up open-label study.
Front Med (Lausanne). 2021;8:613889.

Bugatti S, Bogliolo L, Vitolo B, Manzo A, Montecucco C, Caporali R. Anti-citrullinated
protein antibodies and high levels of rheumatoid factor are associated with systemic
bone loss in patients with early untreated rheumatoid arthritis. Arthritis Res Ther.
2016;18(1):226.

Bulina I, Andersone D, Sochnev A, Lavrentjevs V, Arajs J, Astica I, et al. Tumour
necrosis factor o in rheumatoid arthritis and osteoarthritis patients in blood serum and
synovial fluid. Ann Rheum Dis. 2010;69:A40.

50



Bultink IE, Vis M, van der Horst-Bruinsma IE, Lems WF. Inflammatory rheumatic
disorders and bone. Curr Rheumatol Rep. 2012;14(3):224-30.

Calisir C, Murat Aynaci Al, Korkmaz C. The accuracy of magnetic resonance imaging
of the hands and feet in the diagnosis of early rheumatoid arthritis. Joint Bone Spine.
2007;74(4):362-7.

Casado-Diaz A, Santiago-Mora R, Dorado G, Quesada-Gémez JM. The omega-6 arachi-
donic fatty acid, but not the omega-3 fatty acids, inhibits osteoblastogenesis and in-
duces adipogenesis of human mesenchymal stem cells: potential implication in osteo-
porosis. Osteoporos Int. 2013;24(5):1647-61.

Cena H, Calder PC. Defining a Healthy Diet: Evidence for The Role of Contemporary
Dietary Patterns in Health and Disease. Nutrients. 2020;12(2):334.

Challal S, Minichiello E, Boissier MC, Semerano L. Cachexia and adiposity in rheuma-
toid arthritis. Relevance for disease management and clinical outcomes. Joint Bone
Spine. 2016;83(2):127-33.

Chandrashekara S, Patted A. Role of vitamin D supplementation in improving disease
activity in rheumatoid arthritis: An exploratory study. Int J Rheum Dis. 2017;20(7):
825-31.

Charneca S, Ferro M, Vasques J, Carolino E, Martins-Martinho J, Duarte-Monteiro AM,
et al. The Mediterranean diet, and not dietary inflammatory index, is associated with
rheumatoid arthritis disease activity, the impact of disease and functional disability.
Eur J Nutr. 2023;62(7):2827-39.

Chi G, Qiu L, Ma J, Wu W, Zhang Y. The association of osteoprotegerin and RANKL
with osteoporosis: a systematic review with meta-analysis. J Orthop Surg Res. 2023;
18(1):839.

Ciurtin C, Helmy GA, Ferreira AC, Manson JJ, Jury EC, McDonnell T. A tale of two
functions: C-reactive protein complement-ary structures and their role in rheumatoid
arthritis. Clin Immunol. 2024;110281.

Clasey JL, Hartman ML, Kanaley J, Wideman L, Teates CD, Bouchard C, Weltman A.
Body composition by DEXA in older adults: accuracy and influence of scan mode.
Med Sci Sports Exerc. 1997;29(4):560-7.

Conaghan PG, O’Connor P, McGonagle D, Astin P, Wakefield RJ, Gibbon WW, et al.
Elucidation of the relationship between synovitis and bone damage: a randomized
magnetic resonance imaging study of individual joints in patients with early rheu-
matoid arthritis. Arthritis Rheum. 2003;48(1):64-71.

Costenbader KH, Feskanich D, Mandl LA, Karlson EW. Smoking intensity, duration, and
cessation, and the risk of rheumatoid arthritis in women. Am J Med. 2006;119(6):
503.e1-503.€9.

Cusano NE. Skeletal effects of smoking. Curr Osteoporos Rep. 2015;13(5):302-9.

Daien C, Czernichow S, Letarouilly JG, Nguyen Y, Sanchez P, Sigaux J, et al. Dietary
recommendations of the French Society for Rheumatology for patients with chronic
inflammatory rheumatic diseases. Joint Bone Spine. 2022;89(2):105319.

Dakkak YJ, Matthijssen XME, van der Heijde D, Reijnierse M, van der Helm-van Mil
AHM. Reliability of Magnetic Resonance Imaging (MRI) Scoring of the Metatarso-
phalangeal Joints of the Foot according to the Rheumatoid Arthritis MRI Score. J
Rheumatol. 2020;47(8):1165-73.

Danks L, Komatsu N, Guerrini MM, Sawa S, Armaka M, Kollias G, et al. RANKL ex-
pressed on synovial fibroblasts is primarily responsible for bone erosions during joint
inflammation. Ann Rheum Dis. 2016;75(6):1187-95.

51



Daragon A, Krzanowska K, Vittecoq O, Ménard JF, Hau I, Jouen-Beades F, et al. Pro-
spective X-ray densitometry and ultrasonography study of the hand bones of patients
with rheumatoid arthritis of recent onset. Joint Bone Spine. 2001;68(1):34-42.

DeChristopher LR, Uribarri J, Tucker KL. Intake of high-fructose corn syrup sweetened
soft drinks, fruit drinks and apple juice is associated with prevalent arthritis in US
adults, aged 20-30 years. Nutr Diabetes. 2016;6(3):¢199.

Demoruelle MK, Deane KD. Treatment strategies in early rheumatoid arthritis and
prevention of rheumatoid arthritis. Curr Rheumatol Rep. 2012;14(5):472-80.

Deodhar AA, Brabyn J, Pande I, Scott DL, Woolf AD. Hand bone densitometry in rheu-
matoid arthritis, a five year longitudinal study: an outcome measure and a prognostic
marker. Ann Rheum Dis. 2003;62(8):767—70.

DiMeglio LA, Leonard MB. Bone Mineral Acquisition in Utero and During Infancy and
Childhood. Osteoporosis. 2013;41:977-1015.

Efthymiou E, Grammatikopoulou MG, Gkiouras K, Efthymiou G, Zafiriou E, Goulis DG,
et al. Time to Deal with Rheumatoid Cachexia: Prevalence, Diagnostic Criteria, Treat-
ment Effects and Evidence for Management. Mediterr J] Rheumatol. 2022;33(3):271-
90.

Elzorkany B, Mokbel A, Gamal SM, Hmamouchi I, Dougados M. Does smoking affect
level of seropositivity in RA? A post-HOC global and inter-country analysis of
COMORA cohort. Rheumatol Int. 2021;41(4):699-705.

Emery P, Symmons DP. What is early rheumatoid arthritis?: definition and diagnosis.
Baillieres Clin Rheumatol. 1997;11(1):13-26.

Engvall IL, Elkan AC, Tengstrand B, Cederholm T, Brismar K, Hafstrom I. Cachexia in
rheumatoid arthritis is associated with inflammatory activity, physical disability, and
low bioavailable insulin-like growth factor. Scand J Rheumatol. 2008;37(5):321-8.

Fahrleitner-Pammer A, Dobnig H, Piswanger-Soelkner C, Bonelli C, Dimai HP, Leb G,
et al. Osteoprotegerin serum levels in women: correlation with age, bone mass, bone
turnover and fracture status. Wien Klin Wochenschr. 2003;115(9):291-7.

Fardellone P, Salawati E, Le Monnier L, Go€b V. Bone Loss, Osteoporosis, and Fractures
in Patients with Rheumatoid Arthritis: A Review. J Clin Med. 2020;9(10):3361.

Farrow M, Biglands J, Tanner S, Hensor EMA, Buch MH, Emery P, et al. Muscle
deterioration due to rheumatoid arthritis: assessment by quantitative MRI and strength
testing. Rheumatology (Oxford). 2021;60(3):1216-22.

Fedele AL, Petricca L, Tolusso B, Alivernini S, Canestri S, Di Mario C, et al. Interleukin-
6 and IgA-rheumatoid factor are crucial for baseline erosiveness, and anti-citrullinated
peptide antibodies for radiographic progression in early rheumatoid arthritis treated
according to a treat-to-target strategy. Scand J Rheumatol. 2018;47(5):351-9.

Fenton SAM, Veldhuijzen van Zanten JJCS, Duda JL, Metsios GS, Kitas GD. Sedentary
behaviour in rheumatoid arthritis: definition, measurement and implications for
health. Rheumatology (Oxford). 2018;57(2):213-26.

Ferguson LD, Siebert S, Mclnnes IB, Sattar N. Cardiometabolic comorbidities in RA and
PsA: lessons learned and future directions. Nat Rev Rheumatol. 2019;15(8):461-74.

Filho JC, Pinheiro MM, de Moura Castro CH, Szejnfeld VL. Prevalence and risk factors
associated with low-impact fractures in men with rheumatoid arthritis. Clin Rheu-
matol. 2014;33(10):1389-95.

Fiatarone MA, O'Neill EF, Ryan ND, Clements KM, Solares GR, Nelson ME, et al.
Exercise training and nutritional supplementation for physical frailty in very elderly
people. N Engl J Med. 1994;330(25):1769-75.

52



Forslind K, Keller C, Svensson B, Hafstrom I; BARFOT Study Group. Reduced bone
mineral density in early rheumatoid arthritis is associated with radiological joint
damage at baseline and after 2 years in women. J Rheumatol. 2003;30(12):2590-6.

FuY, Wang Y, Gao H, Li D, Jiang R, Ge L, et al. Associations among Dietary Omega-3
Polyunsaturated Fatty Acids, the Gut Microbiota, and Intestinal Immunity. Mediators
Inflamm. 2021;2021:8879227.

Gabdulina G, Tokarev A, Mussabaeva D. Body composition in patients with rheumatoid
arthritis kazakh nationality. Ann Rheum Dis. 2018;77:1346-7.

Geusens P, Lems WF. Osteoimmunology and osteoporosis. Arthritis Res Ther. 2011;
13(5):242.

Giles JT, Bartlett SJ, Andersen RE, Fontaine KR, Bathon JM. Association of body com-
position with disability in rheumatoid arthritis: impact of appendicular fat and lean
tissue mass. Arthritis Rheum. 2008;59(10):1407-15.

Giles JT, Bartlett SJ, Andersen R, Thompson R, Fontaine KR, Bathon JM. Association
of body fat with C-reactive protein in rheumatoid arthritis. Arthritis Rheum. 2008;
58(9):2632-41.

Gioia C, Lucchino B, Tarsitano MG, Iannuccelli C, Di Franco M. Dietary Habits and
Nutrition in Rheumatoid Arthritis: Can Diet Influence Disease Development and
Clinical Manifestations? Nutrients. 2020;12(5):1456.

Gioxari A, Kaliora AC, Marantidou F, Panagiotakos DP. Intake of ®-3 polyunsaturated
fatty acids in patients with rheumatoid arthritis: A systematic review and meta-
analysis. Nutrition. 2018;45:114-24.¢4.

Gravallese EM, Harada Y, Wang JT, Gorn AH, Thornhill TS, Goldring SR. Identification
of cell types responsible for bone resorption in rheumatoid arthritis and juvenile rheu-
matoid arthritis. Am J Pathol. 1998;152(4):943-51.

Guan Y, Hao Y, Guan Y, Bu H, Wang H. The Effect of Vitamin D Supplementation on
Rheumatoid Arthritis Patients: A Systematic Review and Meta-Analysis. Front Med
(Lausanne). 2020;7:596007.

Guder C, Gravius S, Burger C, Wirtz DC, Schildberg FA. Osteoimmunology: A Current
Update of the Interplay Between Bone and the Immune System. Front Immunol.
2020;11:58.

Gunes-Bayir A, Mendes B, Dadak A. The Integral Role of Diets Including Natural
Products to Manage Rheumatoid Arthritis: A Narrative Review. Curr Issues Mol Biol.
2023;45(7):5373-88.

Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J. Rheumatoid arthritis: pathological
mechanisms and modern pharmacologic therapies. Bone Res. 2018;6:15.

Guttridge DC, Mayo MW, Madrid LV, Wang CY, Baldwin AS Jr. NF-kappaB-induced
loss of MyoD messenger RNA: possible role in muscle decay and cachexia. Science.
2000;289(5488):2363—6.

Giiler-Yiiksel M, Klarenbeek NB, Goekoop-Ruiterman YP, de Vries-Bouwstra JK, van
der Kooij SM, Gerards AH, et al. Accelerated hand bone mineral density loss is
associated with progressive joint damage in hands and feet in recent-onset rheumatoid
arthritis. Arthritis Res Ther. 2010;12(3):R96.

Harnden K, Di Matteo A, Mankia K. When and how should we use imaging in individuals
at risk of rheumatoid arthritis? Front Med (Lausanne). 2022;9:1058510.

Haugeberg G, Green MJ, Quinn MA, Marzo-Ortega H, Proudman S, Karim Z, et al. Hand
bone loss in early undifferentiated arthritis: evaluating bone mineral density loss be-
fore the development of rheumatoid arthritis. Ann Rheum Dis. 2006;65(6):736—40.

53



Haugeberg G, Green MJ, Conaghan PG, Quinn M, Wakefield R, Proudman SM, et al.
Hand bone densitometry: a more sensitive standard for the assessment of early bone
damage in rheumatoid arthritis. Ann Rheum Dis. 2007;66(11):1513-7.

Haugeberg G, Uhlig T, Falch JA, Halse JI, Kvien TK. Bone mineral density and fre-
quency of osteoporosis in female patients with rheumatoid arthritis: results from 394
patients in the Oslo County Rheumatoid Arthritis register. Arthritis Rheum. 2000;
43(3):522-30.

Haugeberg G, Orstavik RE, Kvien TK. Effects of rheumatoid arthritis on bone. Curr Opin
Rheumatol. 2003;15(4): 469-75.

Hauser B, Riches PL, Wilson JF, Horne AE, Ralston SH. Prevalence and clinical pre-
diction of osteoporosis in a contemporary cohort of patients with rheumatoid arthritis.
Rheumatology (Oxford). 2014;53(10):1759—-66.

Hall J, Grant J, Blake D, Taylor G, Garbutt G. Cardiorespiratory responses to aquatic
treadmill walking in patients with rheumatoid arthritis. Physiother Res Int. 2004;9(2):
59-73.

Hill CL, Schultz CG, Wu R, Chatterton BE, Cleland LG. Measurement of hand bone
mineral density in early rheumatoid arthritis using dual energy X-ray absorptiometry.
Int J Rheum Dis. 2010;13(3):230-4.

Hofbauer LC, Hicok KC, Chen D, Khosla S. Regulation of osteoprotegerin production
by androgens and anti-androgens in human osteoblastic lineage cells. Eur J Endo-
crinol. 2002;147(2):269-73.

Hoff M, Haugeberg G. Using hand bone mass measurements to assess progression of
rheumatoid arthritis. Ther Adv Musculoskelet Dis. 2010;2(2):79-87.

Holecki M, Zahorska-Markiewicz B, Janowska J, Nieszporek T, Wojaczynska-Stanek K,
Zak-Gotab A, et al. The influence of weight loss on serum osteoprotegerin concentra-
tion in obese perimenopausal women. Obesity (Silver Spring). 2007;15(8):1925-9.

Ilchovska DD, Barrow DM. An Overview of the NF-kB mechanism of pathophysiology
in rheumatoid arthritis, investigation of the NF-kB ligand RANKL and related
nutritional interventions. Autoimmun Rev. 2021;20(2):102741.

Iwata T, Ito H, Furu M, Hashimoto M, Fujii T, Ishikawa M, et al. Periarticular osteo-
porosis of the forearm correlated with joint destruction and functional impairment in
patients with rheumatoid arthritis. Osteoporos Int. 2016;27(2):691-701.

Janssen I. Influence of sarcopenia on the development of physical disability: the Cardio-
vascular Health Study. J] Am Geriatr Soc. 2006;54(1):56—62.

Jubair WK, Hendrickson JD, Severs EL, Schulz HM, Adhikari S, Ir D, et al. Modulation
of inflammatory arthritis in mice by gut microbiota through mucosal inflammation
and autoantibody generation. Arthritis Rheumatol. 2018;70(8):1220-33.

Kalupahana NS, Goonapienuwala BL, Moustaid-Moussa N. Omega-3 fatty acids and
adipose tissue: inflammation and browning. Annu Rev Nutr. 2020;40:25-49.

Karsdal MA, Woodworth T, Henriksen K, Maksymowych WP, Genant H, Vergnaud P,
et al. Biochemical markers of ongoing joint damage in rheumatoid arthritis--current
and future applications, limitations and opportunities. Arthritis Res Ther. 2011;13(2):
215.

Khanna S, Jaiswal KS, Gupta B. Managing rheumatoid arthritis with dietary inter-
ventions. Front Nutr. 2017;4:52.

Khojah HM, Ahmed S, Abdel-Rahman MS, Hamza AB. Reactive oxygen and nitrogen
species in patients with rheumatoid arthritis as potential biomarkers for disease
activity and the role of antioxidants. Free Radic Biol Med. 2016;97:285-91.

54



Kilic G, Ozgocmen S. Hand bone mass in rheumatoid arthritis: a review of the literature.
World J Orthop. 2015;6(1):106—16.

Kim JY, Lim K, Kim KH, Kim JH, Choi JS, Shim SC. N-3 polyunsaturated fatty acids
restore Th17 and Treg balance in collagen antibody-induced arthritis. PLoS One.
2018;13(3):e0194331.

Kondo Y, Kaneko Y, Sugiura H, Matsumoto S, Nishina N, Kuwana M, et al. Pre-treat-
ment interleukin-6 levels strongly affect bone erosion progression and repair detected
by magnetic resonance imaging in rheumatoid arthritis patients. Rheumatology (Ox-
ford). 2017;56(7):1089-94.

Koo BS, Yoon BH. Characteristics of Appendicular Tissue Components in Patients with
Rheumatoid Arthritis. J Bone Metab. 2020;27(1):35-42.

Krall EA, Dawson-Hughes B. Smoking and bone loss among postmenopausal women. J
Bone Miner Res. 1991;6(4):331-8.

Krall EA, Dawson-Hughes B. Smoking increases bone loss and decreases intestinal
calcium absorption. J Bone Miner Res. 1999;14(2):215-20.

Kallberg H, Ding B, Padyukov L, Bengtsson C, Ronnelid J, Klareskog L, et al. Smoking
is a major preventable risk factor for rheumatoid arthritis: estimations of risks after
various exposures to cigarette smoke. Ann Rheum Dis. 2011;70(3):508-11.

Kwon OC, Oh JS, Park MC, Kim YG. Effect of vitamin D supplementation on bone
mineral density in rheumatoid arthritis patients with osteoporosis. Front Med (Lau-
sanne). 2020;7:443.

Lacey DL, Timms E, Tan HL, Kelley MJ, Dunstan CR, Burgess T, et al. Osteoprotegerin
ligand is a cytokine that regulates osteoclast differentiation and activation. Cell. 1998;
93(2):165-76.

Lahiri M, Luben RN, Morgan C, Bunn DK, Marshall T, Lunt M, et al. Using lifestyle
factors to identify individuals at higher risk of inflammatory polyarthritis (results from
the European Prospective Investigation of Cancer-Norfolk and the Norfolk Arthritis
Register--the EPIC-2-NOAR Study). Ann Rheum Dis. 2014;73(1):219-26.

Larsen A, Dale K, Eek M. Radiographic evaluation of rheumatoid arthritis and related
conditions by standard reference films. Acta Radiol Diagn. 1977;18(4):481-91.

Lemmey AB. Rheumatoid cachexia: the undiagnosed, untreated key to restoring physical
function in rheumatoid arthritis patients? Rheumatology (Oxford). 2016;55(7):1149—
50.

Liphardt AM, Windahl SH, Sehic E, Hannemann N, Gustafsson KL, Bozec A, et al.
Changes in mechanical loading affect arthritis-induced bone loss in mice. Bone. 2020;
131:115149.

Liu HQ, Qiu Y, Mu Y, Zhang XJ, Liu L, Hou XH, et al. A high ratio of dietary n-3/n-6
polyunsaturated fatty acids improves obesity-linked inflammation and insulin resis-
tance through suppressing activation of TLR4 in SD rats. Nutr Res. 2013;33(10):849—
58.

Liu YY, Long L, Wang SY, Guo JP, Ye H, Cui LF, et al. Circulating Dickkopf-1 and
osteoprotegerin in patients with early and longstanding rheumatoid arthritis. Chin
Med J (Engl). 2010;123(11):1407-12.

Liu X, Zeng B, Zhang J, Li W, Mou F, Wang H, et al. Role of the gut microbiome in
modulating arthritis progression in mice. Sci Rep. 2016;6:30594.

Llorente I, Merino L, Ortiz AM, Escolano E, Gonzalez-Ortega S, Garcia-Vicuia R, et al.
Anti-citrullinated protein antibodies are associated with decreased bone mineral
density: baseline data from a register of early arthritis patients. Rheumatol Int. 2017;
37(5):799-806.

55



Llorente I, Garcia-Castafieda N, Valero C, Gonzélez-Alvaro [, Castafieda S. Osteoporosis
in Rheumatoid Arthritis: Dangerous Liaisons. Front Med. 2020;7:601618.

Lourdudoss C, Di Giuseppe D, Wolk A, Westerlind H, Klareskog L, Alfredsson L, van
Vollenhoven RF, Lampa J. Dietary Intake of Polyunsaturated Fatty Acids and Pain in
Spite of Inflammatory Control Among Methotrexate-Treated Early Rheumatoid
Arthritis Patients. Arthritis Care Res (Hoboken). 2018;70(2):205-212.

Lu Y, Genant HK, Shepherd J, Zhao S, Mathur A, Fuerst TP, Cummings SR. Classi-
fication of osteoporosis based on bone mineral densities. ] Bone Miner Res. 2001;
16(5):901-910.

Ma WIJ, Li H, Zhang W, Zhai J, Li J, Liu H, Guo XF, Li D. Effect of n-3 polyunsaturated
fatty acid supplementation on muscle mass and function with aging: A meta-analysis
of randomized controlled trials. Prostaglandins Leukot Essent Fatty Acids. 2021;165:
102249.

Maisha JA, El-Gabalawy HS, O'Neil LJ. Modifiable risk factors linked to the develop-
ment of rheumatoid arthritis: evidence, immunological mechanisms and prevention.
Front Immunol. 2023;14:1221125.

McLean RR, Mangano KM, Hannan MT, Kiel DP, Sahni S. Dietary Protein Intake Is
Protective Against Loss of Grip Strength Among Older Adults in the Framingham
Offspring Cohort. J Gerontol A Biol Sci Med Sci. 2016;71(3):356-361.

Medrano M, Carrillo-Cruz E, Montero I, Perez-Simon JA. Vitamin D: Effect on
Haematopoiesis and Immune System and Clinical Applications. Int J Mol Sci. 2018;
19(9):2663.

Michelson J, Easley M, Wigley FM, Hellmann D. Foot and ankle problems in rheumatoid
arthritis. Foot Ankle Int. 1994;15(11):608-613.

Mikkelsen UR, Dideriksen K, Andersen MB, Boesen A, Malmgaard-Clausen NM, Sgren-
sen 1J, Schjerling P, Kjeer M, Holm L. Preserved skeletal muscle protein anabolic
response to acute exercise and protein intake in well-treated rheumatoid arthritis
patients. Arthritis Res Ther. 2015;17:271.

Mikuls TR, Cerhan JR, Criswell LA, Merlino L, Mudano AS, Burma M, Folsom AR,
Saag KG. Coffee, tea, and caffeine consumption and risk of rheumatoid arthritis:
results from the lowa Women's Health Study. Arthritis Rheum. 2002;46(1):83-91.

Mineur YS, Abizaid A, Rao Y, Salas R, DiLeone RJ, Giindisch D, Diano S, De Biasi M,
Horvath TL, Gao XB, Picciotto MR. Nicotine decreases food intake through
activation of POMC neurons. Science. 2011;332(6035):1330-1332.

Mochizuki T, Yano K, Ikari K, Okazaki K. Sarcopenia-associated factors in Japanese
patients with theumatoid arthritis: A cross-sectional study. Geriatr Gerontol Int. 2019;
19(9):907-912.

Moschou D, Krikelis M, Georgakopoulos C, Mole E, Chronopoulos E, Tournis S,
Mavragani C, Makris K, Dontas I, Gazi S. Sarcopenia in Rheumatoid arthritis. A
narrative review. J Frailty Sarcopenia Falls. 2023;8(1):44-52.

Mostafaei R, Elahi N, Moludi J, Moradi F, Solouki L, Nachvak SM, Behrooz M.
Association of Mediterranean diet pattern with disease activity in the patients with
rheumatoid arthritis: A cross-sectional study on Iranian patients. Clin Nutr ESPEN.
2024;60:95-101.

Miiller R, Kull M, Polluste K, Valner A, Lember M, Kallikorm R. Factors Associated
With Low Lean Mass in Early Rheumatoid Arthritis: A Cross-Sectional Study. Medi-
cina (Kaunas). 2019;55(11):730.

Navarini L, Afeltra A, Gallo Afflitto G, Margiotta DPE. Polyunsaturated fatty acids: any
role in rheumatoid arthritis? Lipids Health Dis. 2017;16(1):197.

56



Nell VP, Machold KP, Eberl G, Stamm TA, Uffmann M, Smolen JS. Benefit of very early
referral and very early therapy with disease-modifying anti-rheumatic drugs in pa-
tients with early rheumatoid arthritis. Rheumatology (Oxford). 2004;43(7):906-914.

Niemantsverdriet E, Dakkak YJ, Burgers LE, Bonte-Mineur F, Steup-Beekman GM, van
der Kooij SM, Boom HD, Allaart CF, de Jong PHP, van der Helm-van Mil AH.
TREAT Early Arthralgia to Reverse or Limit Impending Exacerbation to Rheumatoid
Arthritis (TREAT EARLIER): a randomized, double-blind, placebo-controlled clini-
cal trial protocol. Trials. 2020;21(1):862.

Njeh CF, Genant HK. Bone loss. Quantitative imaging techniques for assessing bone
mass in theumatoid arthritis. Arthritis Res. 2000;2(6):446—450.

Ohno T, Aune D, Heath AK. Adiposity and the risk of rheumatoid arthritis: a systematic
review and meta-analysis of cohort studies. Sci Rep. 2020;10(1):16006.

Ostendorf B, Scherer A, Mddder U, Schneider M. Diagnostic value of magnetic reso-
nance imaging of the forefeet in early rheumatoid arthritis when findings on imaging
of the metacarpophalangeal joints of the hands remain normal. Arthritis Rheum.
2004;50(7):2094-2102.

Ostrowska Z, Ziora K, O$wiecimska J, Marek B, Swictochowska E, Kajdaniuk D,
Strzelczyk J, Cieslicka A, Wotkowska-Pokrywa K, Kos-Kudta B. Selected pro-in-
flammatory cytokines, bone metabolism, osteoprotegerin, and receptor activator of
nuclear factor-kB ligand in girls with anorexia nervosa. Endokrynol Pol. 2015;66(4):
313-321.

Otter SJ, Lucas K, Springett K, Moore A, Davies K, Cheek L, Young A, Walker-Bone K.
Foot pain in rheumatoid arthritis prevalence, risk factors and management: an
epidemiological study. Clin Rheumatol. 2010;29(3):255-271.

Otsa K, Tammaru M, Vorobjov S, Esko M, Pérsik E, Lang K. The prevalence of rheuma-
toid arthritis in Estonia: an estimate based on rheumatology patients' database. Rhe-
umatol Int. 2013;33(4):955-958.

Padyukov L. Genetics of rheumatoid arthritis. Semin Immunopathol. 2022;44(1):47-62.

Pathak JL, Bravenboer N, Luyten FP, Verschueren P, Lems WF, Klein-Nulend J, Bakker
AD. Mechanical loading reduces inflammation-induced human osteocyte-to-osteo-
clast communication. Calcif Tissue Int. 2015;97(2):169-178.

Patidar V, Shah S, Kumar R, Singh PK, Singh SB, Khatri DK. A molecular insight of
inflammatory cascades in rheumatoid arthritis and anti-arthritic potential of phyto-
constituents. Mol Biol Rep. 2022;49(3):2375-2391.

Philippou E, Petersson SD, Rodomar C, Nikiphorou E. Rheumatoid arthritis and dietary
interventions: systematic review of clinical trials. Nutr Rev. 2021;79(4):410-428.
Plasqui G. The role of physical activity in rheumatoid arthritis. Physiol Behav. 2008;

94(2):270-275.

Prioreschi A, Makda MA, Tikly M, McVeigh JA. Habitual Physical Activity, Sedentary
Behaviour and Bone Health in Rheumatoid Arthritis. Int J Sports Med. 2015;36(12):
1021-1026.

Radmilovi¢ G, Matijevié¢ V, Mikuli¢ D, Ragi¢ Markota D, Ceprnja AR. The impact of
smoking on estimated biological age and body fat composition: A cross-sectional
study. Tob Induc Dis. 2023;21:161.

Rall LC, Roubenoff R. Rheumatoid cachexia: metabolic abnormalities, mechanisms and
interventions. Rheumatology (Oxford). 2004;43(10):1219-1223.

Rapuri PB, Gallagher JC, Balhorn KE, Ryschon KL. Smoking and bone metabolism in
elderly women. Bone. 2000;27(3):429-436.

57



Raslan MA, Raslan SA, Shehata EM, Mahmoud AS, Sabri NA, Alzahrani KJ, Alzahrani
FM, Halawani IF, Azevedo V, Lundstrom K, Barh D. Different modalities to manage
rheumatoid arthritis: an A to Z story. Future Sci OA. 2024;10(1):FS0O968.

Regueiro C, Ortiz AM, Boveda MD, Castafieda S, Gonzalez-Alvaro I, Gonzalez A.
Association of high titers of anti-carbamylated protein antibodies with decreased bone
mineral density in early arthritis patients. PLoS One. 2018;13(8):¢0202583.

Richard D, Kefi K, Barbe U, Bausero P, Visioli F. Polyunsaturated fatty acids as
antioxidants. Pharmacol Res. 2008;57(6):451-455.

Rossini M, Adami G, Viapiana O, Idolazzi L, Orsolini G, Fassio A, Giollo A, Gatti D.
Osteoporosis: an Independent Determinant of Bone Erosions in Rheumatoid Arthri-
tis? J Bone Miner Res. 2017;32(10):2142-2143.

Roubenoff R, Roubenoff RA, Cannon JG, Kehayias JJ, Zhuang H, Dawson-Hughes B,
Dinarello CA, Rosenberg ITH. Rheumatoid cachexia: cytokine-driven hypermetabo-
lism accompanying reduced body cell mass in chronic inflammation. J Clin Invest.
1994;93(6):2379-2386.

Rydell E, Forslind K, Nilsson JA, Jacobsson LTH, Turesson C. Smoking, body mass
index, disease activity, and the risk of rapid radiographic progression in patients with
early rheumatoid arthritis. Arthritis Res Ther. 2018;20(1):82.

Rydell E, Forslind K, Nilsson JA, Karlsson M, Akesson KE, Jacobsson LTH, Turesson
C. Predictors of radiographic erosion and joint space narrowing progression in pat-
ients with early rheumatoid arthritis: a cohort study. Arthritis Res Ther. 2021;
23(1):27.

Sahin G, Guler H, Incel N, Sezgin M, As 1. Soft tissue composition, axial bone mineral
density, and grip strength in postmenopausal Turkish women with early rheumatoid
arthritis: Is lean body mass a predictor of bone mineral density in rheumatoid arthritis?
Int J Fertil Womens Med. 2006;51(2):70-74.

Salgado E, Bes-Rastrollo M, de Irala J, Carmona L, Gémez-Reino JJ. High Sodium Intake
Is Associated With Self-Reported Rheumatoid Arthritis: A Cross Sectional and Case
Control Analysis Within the SUN Cohort. Medicine. 2015;94(37):¢0924.

Sangondimath G, Sen RK, T FR. DEXA and Imaging in Osteoporosis. Indian J Orthop.
2023;57(1):82-93.

Santillan-Diaz C, Ramirez-Sanchez N, Espinosa-Morales R, Orea-Tejeda A, Llorente L,
Rodriguez-Guevara G, Castillo-Martinez L. Prevalence of rheumatoid cachexia as-
sessed by bioelectrical impedance vector analysis and its relation with physical
function. Clin Rheumatol. 2018;37(3):607—614.

Sargin G, Kose R, Sentiirk T. Relationship between bone mineral density and anti-citrul-
linated protein antibody and rheumatoid factor in patients with rheumatoid arthritis.
Eur J Rheumatol. 2019;6(1):29-33.

Schett G, Redlich K, Smolen JS. The role of osteoprotegerin in arthritis. Arthritis Res
Ther. 2003;5(5):239-245.

Schett G, Saag KG, Bijlsma JW. From bone biology to clinical outcome: state of the art
and future perspectives. Ann Rheum Dis. 2010;69(8):1415-1419.

Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. Lancet. 2010;376(9746):1094—
1108.

Shekhar KV, Pathak MM, Pisulkar G. Diet and Lifestyle Impact on Rheumatoid Arthritis:
A Comprehensive Review. Cureus. 2023;15(11):e48625.

Sigaux J, Bellicha A, Buscail C, Julia C, Flipo RM, Cantagrel A, et al. Serum Fatty Acid
Profiles Are Associated with Disease Activity in Early Rheumatoid Arthritis: Results
from the ESPOIR Cohort. Nutrients. 2022;14(14):2947.

58



Simonet WS, Lacey DL, Dunstan CR, Kelley M, Chang MS, Liithy R, et al. Osteoprote-
gerin: a novel secreted protein involved in the regulation of bone density. Cell. 1997;
89(2):309-319.

Simopoulos AP. An Increase in the Omega-6/Omega-3 Fatty Acid Ratio Increases the
Risk for Obesity. Nutrients. 2016;8(3):128.

Skoczyfiska M, Swierkot J. The role of diet in rheumatoid arthritis. Reumatologia.
2018;56(4):259-267.

Sokka T, Hékkinen A, Kautiainen H, Maillefert JF, Toloza S, Merk Hansen T, et al. Phy-
sical inactivity in patients with rheumatoid arthritis: data from twenty-one countries
in a cross-sectional, international study. Arthritis Rheum. 2008;59(1):42-50.

Soliman E, Ohrndorf S, Zehairy M, Matrawy K, Alhadidy A, Abdelati A. Osteopontin,
osteoprotegerin and musculoskeletal ultrasound findings in first-degree relatives of
rheumatoid arthritis: potential markers of preclinical disease. BMC Musculoskelet
Disord. 2024;25(1):195.

Song GG, Bae SC, Lee YH. Association between vitamin D intake and the risk of rheu-
matoid arthritis: a meta-analysis. Clin Rheumatol. 2012;31(12):1733-1739.

Stolt M, Suhonen R, Leino-Kilpi H. Foot health in patients with rheumatoid arthritis — a
scoping review. Rheumatol Int. 2017;37(9):1413-1422.

Summers GD, Deighton CM, Rennie MJ, Booth AH. Rheumatoid cachexia: a clinical
perspective. Rheumatology (Oxford). 2008;47(8):1124—1131.

Sundrarjun T, Komindr S, Archararit N, Dahlan W, Puchaiwatananon O, Angthararak S,
et al. Effects of n-3 fatty acids on serum interleukin-6, tumour necrosis factor-alpha
and soluble tumour necrosis factor receptor p55 in active rheumatoid arthritis. J Int
Med Res. 2004;32(5):443-454.

Szentpetery A, Heffernan E, Haroon M, Kilbane M, Gallagher P, McKenna MJ, et al.
Striking difference of periarticular bone density change in early psoriatic arthritis and
rheumatoid arthritis following anti-rheumatic treatment as measured by digital X-ray
radiogrammetry. Rheumatology (Oxford). 2016;55(5):891-896.

Tachtsis B, Camera D, Lacham-Kaplan O. Potential Roles of n-3 PUFAs during Skeletal
Muscle Growth and Regeneration. Nutrients. 2018;10(3):309

Takayanagi H. Osteoimmunology and the effects of the immune system on bone. Nat Rev
Rheumatol. 2009;5(12):667-676.

Takayanagi H, lizuka H, Juji T, Nakagawa T, Yamamoto A, Miyazaki T, et al. Involve-
ment of receptor activator of nuclear factor kappaB ligand/osteoclast differentiation
factor in osteoclastogenesis from synoviocytes in rheumatoid arthritis. Arthritis
Rheum. 2000;43(2):259-269.

Terao C, Yamakawa N, Yano K, Markusse IM, Ikari K, Yoshida S, et al. Rheumatoid
Factor Is Associated With the Distribution of Hand Joint Destruction in Rheumatoid
Arthritis. Arthritis Rheumatol. 2015;67(12):3113-3123.

Therdyothin A, Phiphopthatsanee N, Isanejad M. The Effect of Omega-3 Fatty Acids on
Sarcopenia: Mechanism of Action and Potential Efficacy. Mar Drugs. 2023;21(7):
399.

Tieland M, van de Rest O, Dirks ML, van der Zwaluw N, Mensink M, van Loon LJ, et
al. Protein supplementation improves physical performance in frail elderly people: a
randomized, double-blind, placebo-controlled trial. ] Am Med Dir Assoc. 2012;13(8):
720-726.

Tierney M, Fraser A, Kennedy N. Physical activity in theumatoid arthritis: a systematic
review. J Phys Act Health. 2012;9(7):1036-1048.

59



Tilg H. Obesity, metabolic syndrome, and microbiota: multiple interactions. J Clin
Gastroenterol. 2010;44 Suppl 1:S16-S18.

Tomizawa T, Ito H, Murata K, Hashimoto M, Tanaka M, Murakami K, et al. Distinct
biomarkers for different bones in osteoporosis with rheumatoid arthritis. Arthritis Res
Ther. 2019;21(1):174.

Torii M, Itaya T, Minamino H, Katsushima M, Fujita Y, Tanaka H, et al. Management of
sarcopenia in patients with rheumatoid arthritis. Modern Rheumatol. 2023;33(3):435-
440.

Tracy A, Buckley CD, Raza K. Pre-symptomatic autoimmunity in rheumatoid arthritis:
when does the disease start? Semin Immunopathol. 2017;39(4):423-435.

Turesson Wadell A, Bérebring L, Hulander E, Gjertsson I, Lindqvist HM, Winkvist A.
Inadequate Dietary Nutrient Intake in Patients With Rheumatoid Arthritis in South-
western Sweden: A Cross-Sectional Study. Front Nutr. 2022;9:915064.

Turk SA, van Schaardenburg D, Boers M, de Boer S, Fokker C, Lems WF, Nurmohamed
MT. An unfavorable body composition is common in early arthritis patients: A case
control study. PLoS One. 2018;13(3):¢0193377.

Tv P, Kumar B, Chidambaram Y, Thangavelu S. Correlation of Rheumatoid arthritis
disease severity with serum vitamin D levels. Clin Nutr ESPEN. 2023;57:697-702.

Ulijn E, den Broeder N, Ten Cate D, van Overdijk K, Demirel H, Landewé R, van Her-
waarden N, den Broeder A. Limited Diagnostic and Prognostic Value of Routine
Radiographs in Newly Presenting Arthritis Suspected of Rheumatoid Arthritis: A
Retrospective Study. Arthritis Care Res (Hoboken). 2023.

Unriza-Puin S, Bautista-Molano W, Lafaurie GI, Valle-Ofiate R, Chalem P, Chila-
Moreno L, Bello-Gualtero JM, Romero-Sanchez C. Are obesity, ACPAs and peri-
odontitis conditions that influence the risk of developing rheumatoid arthritis in first-
degree relatives?. Clin Rheumatol. 2017;36(4):799-806.

Unver B, Kalkan S, Yuksel E, Kahraman T, Karatosun V. Reliability of the 50-foot walk
test and 30-sec chair stand test in total knee arthroplasty. Acta Orthop Bras. 2015;
23(4):184-7.

van Gestel AM, Prevoo ML, van 't Hof MA, van Rijswijk MH, van de Putte LB, van Riel
PL. Development and validation of the European League Against Rheumatism
response criteria for rheumatoid arthritis. Comparison with the preliminary American
College of Rheumatology and the World Health Organization/International League
Against Rheumatism Criteria. Arthritis Rheum. 1996;39(1):34—40.

van der Heijde DM, van Leeuwen MA, van Riel PL, Koster AM, van 't Hof MA, van
Rijswijk MH, van de Putte LB. Biannual radiographic assessments of hands and feet
in a three-year prospective followup of patients with early rheumatoid arthritis.
Arthritis Rheum. 1992;35(1):26-34.

van der Heijde DM, van Leeuwen MA, van Riel PL, van de Putte LB. Radiographic pro-
gression on radiographs of hands and feet during the first 3 years of rheumatoid arthri-
tis measured according to Sharp’s method (van der Heijde modification). J Rheu-
matol. 1995;22(9):1792-6.

van der Heijde D. How to read radiographs according to the Sharp/van der Heijde method.
J Rheumatol. 2000;27(1):261-3.

van der Helm-van Mil AH, van der Kooij SM, Allaart CF, Toes RE, Huizinga TW. A
high body mass index has a protective effect on the amount of joint destruction in
small joints in early rheumatoid arthritis. Ann Rheum Dis. 2008;67(6):769-74.

60



van der Leeden M, Steultjens M, Dekker JH, Prins AP, Dekker J. Forefoot joint damage,
pain and disability in rheumatoid arthritis patients with foot complaints: the role of
plantar pressure and gait characteristics. Rheumatology (Oxford). 2006;45(4):465-9.

van der Leeden M, Steultjens MP, van Schaardenburg D, Dekker J. Forefoot disease
activity in rheumatoid arthritis patients in remission: results of a cohort study. Arthritis
Res Ther. 2010;12(1):R3.

van der Linden MP, van der Woude D, loan-Facsinay A, Levarht EW, Stoeken-Rijs-
bergen G, Huizinga TW, Toes RE, van der Helm-van Mil AH. Value of anti-modified
citrullinated vimentin and third-generation anti-cyclic citrullinated peptide compared
with second-generation anti-cyclic citrullinated peptide and rheumatoid factor in
predicting disease outcome in undifferentiated arthritis and rheumatoid arthritis.
Arthritis Rheum. 2009;60(8):2232—41.

van der Woude D, van der Helm-van Mil AH. Update on the epidemiology, risk factors,
and disease outcomes of rheumatoid arthritis. Best Pract Res Clin Rheumatol.
2018;32(2):174-87.

Vidal C, Barnetche T, Morel J, Combe B, Daien C. Association of Body Mass Index
Categories with Disease Activity and Radiographic Joint Damage in Rheumatoid
Arthritis: A Systematic Review and Metaanalysis. J] Rheumatol. 2015;42(12):2261—
9.

Wade SW, Strader C, Fitzpatrick LA, Anthony MS, O'Malley CD. Estimating prevalence
of osteoporosis: examples from industrialized countries. Arch Osteoporos. 2014;9:
182.

Walsmith J, Abad L, Kehayias J, Roubenoff R. Tumor necrosis factor-alpha production
is associated with less body cell mass in women with rheumatoid arthritis. J Rheu-
matol. 2004;31(1):23-9.

Wang P, Li S, Liu LN, Lv TT, Li XM, Li XP, Pan HF. Circulating osteoprotegerin levels
are elevated in rheumatoid arthritis: a systematic review and meta-analysis. Clin
Rheumatol. 2017;36(10):2193-200.

Wang Y, Geng Y, Deng XR, Zhang ZL. Relationship between wrist bone mineral density
and synovitis, erosion by ultrasonography in female rheumatoid arthritis patients.
Beijing Da Xue Xue Bao. Yi Xue Ban = Journal of Peking University. Health Sci.
2015;47(5):774-80.

Westhoff G, Rau R, Zink A. Radiographic joint damage in early rheumatoid arthritis is
highly dependent on body mass index. Arthritis Rheum. 2007;56(11):3575-82.

World Health Organization. Obesity: Preventing and Managing the Global Epidemic.
Report of a WHO Consultation on Obesity, 3—5 June 1997. Geneva: WHO; 1997.

World Health Organization. Nutrition in Universal Health Coverage. Geneva: WHO;
2019. WHO/NMH/NHD/19.24. Available from: https://www.who.int/publications/i/
item/WHO-NMH-NHD-19.24.

World Health Organization. Obesity and Overweight. WHO. 2024 Mar 9. Available
from: https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.
Williams AE, Graham AS. ‘My feet: visible, but ignored...”: A qualitative study of foot

care for people with rheumatoid arthritis. Clin Rehabil. 2012;26(10):952-9.

Xu Y, Chen F. Current Status of Functional Studies on Circular RNAs in Rheumatoid
Arthritis and Their Potential Role as Diagnostic Biomarkers. J Inflamm Res. 2021;14:
1185-93.

Yamada T, Steinz MM, Kenne E, Lanner JT. Muscle Weakness in Rheumatoid Arthritis:
The Role of Ca2+ and Free Radical Signaling. EBioMedicine. 2017;23:12-9.

61



Yates CM, Calder PC, Rainger GE. Pharmacology and therapeutics of omega-3 poly-
unsaturated fatty acids in chronic inflammatory disease. Pharmacol Ther. 2014;
141(3):272-82.

Zakeri Z, Sandoughi M, Mashhadi MA, Raeesi V, Shahbakhsh S. Serum vitamin D level
and disease activity in patients with recent onset rheumatoid arthritis. Int J Rheum
Dis. 2016;19(4):343-7.

Zeng L, Yu G, Yang K, LiJ, Hao W, Chen H. The Efficacy of Antioxidative Stress The-
rapy on Oxidative Stress Levels in Rheumatoid Arthritis: A Systematic Review and
Meta-analysis of Randomized Controlled Trials. Oxid Med Cell Longev. 2021;
2021:3302886.

Ziegelasch M, Forslind K, Skogh T, Riklund K, Kastbom A, Berglin E. Decrease in bone
mineral density during three months after diagnosis of early rheumatoid arthritis mea-
sured by digital X-ray radiogrammetry predicts radiographic joint damage after one
year. Arthritis Res Ther. 2017;19(1):195.

Angstrém L, Hornberg K, Sundstrém B, Sédergren A. Rheumatoid cachexia in early
rheumatoid arthritis: prevalence and associated variables. Scand J Rheumatol. 2023;
52(1):10-6.

62



11. SUMMARY IN ESTONIAN

Jasemete strukturaalsed ja funktsionaalsed muutused varase
reumatoidartriidi korral

Reumatoidartriit (RA) on krooniline autoimmuunne haigus, mis mojutab peami-
selt kéte ja jalgade viikeseid liigeseid (Scott et al., 2010). See haigus esineb kdige
sagedamini naistel ja vanemaealistel, mdjutades kuni 1% elanikkonnast. Haigu-
sest tingituna tekivad siinoviit, luuerosioonid, samuti keha lihas-, rasv- ja luukoe
strukturaalsed muutused (Xu et al., 2021; Zeng et al., 2021). Osteoporoos on RA
korral sageli kaasuv haigus (Hauser et al., 2014; Wade et al., 2014). Periartiku-
laarne osteoporoos vOi osteopeenia on jadsemete luukahjustusele viitavad varased
spetsiifilised muutused, mis eelnevad erosioonide tekkele (Kilic et al., 2015). RA
foonil tekkivate strukturaalsete ja funktsionaalsete muutuste patofiisioloogilised
mehhanismid on keerulised ning pole veel tdielikult selged. RA riskifaktoriteks
peetakse reumatoidfaktori (RF) ja tsiiklilise tsitrulleeritud peptiidi vastaste anti-
kehade (anti-CCP) positiivsust, suitsetamist ning iilekaalulisust (Scott et al.,
2010; Turk et al., 2018). Anti-CCP positiivset RA vormi peetakse erosiivsemaks
haiguse vormiks (van der Linden et al., 2009). Périlikud faktorid voivad mojutada
kuni 50% juhtudest (Scott et al., 2010).

Ehkki RA ravi on muutunud efektiivsemaks ja kéttesaadavamaks, kujuneb
70% artriidispetsiifiline luukahjustus juba esimese kolme haigusaasta jooksul
(van der Heijde et al., 1995). Kuni 25%-1 haigetest voib tekkida luuline kahjustus
juba esimese kolme haiguskuu jooksul (Nell et al., 2004). Lihasmassi vihene-
mine, eeskétt jisemetel, ja rasvamassi suurenemine, peamiselt kehatiivel, sta-
biilse kehakaalu juures tekib kuni kahel kolmandikul RA patsientidest (Book et
al., 2009; Challal et al., 2016).

Vaatamata RA siisteemsele olemusele ei pruugi strukturaalsed ning funktsio-
naalsed muutused haiguse varases faasis kétes ja jalgades paralleelselt kujuneda.
Me ei leidnud uuringuid, mis vordleksid neid esmaseid muutusi jasemetes, siiski
voivad muutused olla olemas juba pikka aega enne reumatoloogi vastuvotule
poordumist, isegi enne kliiniliste stimptomite teket. Uuringutega on néidatud, et
varajane diagnoos ning varajane ravi parandavad oluliselt patsiendi elukvaliteeti.
Ei ole olemas héid ning {ildtunnustatud markereid varase artriidi kulu prognoo-
simiseks. Kehastruktuuri muutustega seostuvad markerid tekitavad kasvavat huvi
varase RA progressiooni moistmiseks. Sageli kasutatav luudensitomeetria (DXA)
voimaldab hinnata eraldi ke ja jala luu-, lihas- ning rasvamassi, aga ka luutihe-
dust. Jasemete varaste strukturaalsete ja funktsionaalsete muutuste kindlaks tege-
mine vOib olla uus moodus prognoosimaks haiguse kulgu ning aktiivsust. Juba
RA esimestel kuudel esinev kdeluude mineraalaine tiheduse vihenemine voib
ennustada RA-ga seotud liigesekahjustust haiguse varajases staadiumis (Ziege-
lasch et al., 2017).

Andmed jalgade strukturaalsete ja funktsionaalsete muutuste kohta varase RA
korral puuduvad. Kahjuks enamik artriidi aktiivsust hindavaid skaalasid isegi ei
hdlma jalaliigeseid, kuigi uuringud on ndidanud, et juba varase RA korral vdivad
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esineda nii labakée kui ka labajala erosiivsed muutused ning seetdttu on soovitav
teha kohe diagnoosimisel ka visualiseerivad uuringud labajalgadest (Boutry et
al.,2003).

Mitmetes uuringutes on piiiitud selgitada elustiiliga seotud tegureid reumatoid-
artriidi kujunemisel. Toitumis- ja suitsetamisharjumusi on pohjalikult uuritud,
kuna need vodivad mojutada keha struktuurimuutusi. Varase reumatoidartriidi
kohta on aga andmeid napilt ja tulemused on endiselt ebaselged. Seetdttu on vaja
eraldi hinnata kéte-jalgade strukturaalseid ja funktsionaalseid muutusi ning mar-
kereid, mis véivad nende muutustega seotud olla.

UURIMISTOO EESMARGID

Uurimistdo iildine eesmérk on kéte ja jalgade strukturaalsete ning funktsionaal-
sete muutuste esinemise hindamine varase reumatoidartriidi korral ning nende
muutustega seostuvate faktorite leidmine.

Uurimistoo spetsiifilised eesmiirgid

1. Hinnata, kas juba varase reumatoidartriidi korral esinevad kétel ja jalgadel
strukturaalsed ning funktsionaalsed muutused vorreldes kontrollrithmaga ning
kas need muutused on kétel ja jalgadel sarnased.

2. Uurida kéte ja jalgade strukturaalsete ning funktsionaalsete muutuste vahelist
seost poletikumarkeritega.

3. Hinnata, kas kieluude mineraalaine tiheduse muutused on seotud artriidi
foonil tekkivate erosioonidega.

4. Leida Kkliinilisi elustiili markereid, mis voiksid seostuda kideluude mineraal-
aine tiheduse vihenemise ja erosiivsete muutustega varase reumatoidartriidi
korral.

5. Hinnata, kas varase reumatoidartriidi korral tekkivad kite ja jalgade struktu-
raalsed muutused on seotud selliste elustiili teguritega nagu toitumisharjumu-
sed ja suitsetamine.

Uuritavad
Uuringusse kaasati 83 jérjestikust Tartu Ulikooli Kliinikumis ajavahemikul jaa-
nuar 2012 — mai 2014 diagnoositud esmase reumatoidartriidi diagnoosiga pat-
sienti, kelle puhul olid tdidetud ACR/EULAR 2012. aasta reumatoidartriidi klassi-
fikatsiooni kriteeriumid (Aletaha et al., 2010). Reumatoidartriidi patsientide
vaevused polnud kestnud iile iihe aasta.

Rahvastikupdhiseseks kontrollgrupiks moodustati juhuvalim perearsti nimis-
tust (321 uuritavat), kelle vanuseline ja sooline jaotus vastas Eesti rahvastiku
2013. aastal hinnatud struktuurile.

Meetodid

Varase reumatoidartriidi gruppi kuuluvaid patsiente intervjueeriti esmaste
haigusndhtude tekke teemal. Hinnati kaasuvate haiguste esinemist, kasutatavate
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ravimite tarvitamist ning suitsetamise anamneesi. Reumatoidartriidi diagnoos
kinnitati elektroonilise haigusloo andmete pohjal ning uuritavad klassifitseeriti
ACR/EULAR 2012 RA kriteeriumite alusel.

Lébivaatusel hinnati RA patsientidel turses ja valusate liigeste arv. Kdigil
uuritavatel moddeti pikkus, kehakaal ning arvutati kehamassiindeks (KMI). RA
patsientide artriidi aktiivsus hinnati DAS28 skoori pdhjal. Lihasjoudluse hinda-
miseks kasutati 30 sekundi jooksul toolilt tdusmise ning kie pigistusjou teste.

Patsiente kiisitleti viimase 60péeva jooksul tarvitatud toidu ja jookide kohta
24 tunni toitumise intervjuu alusel. Andmed sisestati Tervise Arengu Instituudi
vilja tootatud NutriData programmi, hinnates tarbitud toidust saadud energia-
sisaldust ja toitainete kogust.

Paastuplasmas maérati CRV ja ESR-i tase ning reumatoidartriidi spetsiifiliste
antikehade (anti-CCP ja RF) olemasolu. Vereseerumis moddeti vitamiin D3, Ca,
OPG, PTH, IL-6, TNFa ja IL-1b tase.

Varase reumatoidartriidi grupi patsientidel uuriti RA spetsiifilise luulise kah-
justuse esinemist labakéte rontgeniilesvotetel, hinnates liigespilu kitsenemist ning
erosiivsete muutuste esinemist.

Lunar Prodigy DXA luudensitomeetriga moodeti mdlemas uuritavate grupis
(varane RA ja kontrollgrupp) eraldi kée ja jala luu-, lihas- ning rasvamass. Lisaks
moddeti kogu keha luumass, luu mineraalaine tihedus kie, reieluu kaela, trohan-
teri, proksimaalse ning ultradistaalse raadiuse piirkonnas.

Statistiliste analiiliside 1dbiviimiseks kasutati Statistica versiooni 13.3 (Win-
dows) ja SPSS-i versiooni 27.0 (IBM Corp., USA). Koiki andmeid testiti normaal-
jaotuvuse suhtes. Normaaljaotuvusega pidevaid tunnuseid esitati keskmise ja
standardhilbega. Andmeid, mis ei olnud normaaljaotuvusega, kirjeldati mediaani
jainterkvartiilse vahemiku abil. Varase RA patsientide ja kontrollgrupi uuritavate
normaaljaotuvusega parameetrite keskmiste vordlemiseks kasutati Studenti #-testi
ning mittenormaaljaotuvuse korral mediaanide vordlemiseks Mann—Whitney U-
testi. Binaarsete véadrtuste ja riskifaktorite vahelisi seoseid analiiiisiti logistilise
regressioonimudeli abil, pidevate véértuste ja riskifaktorite vahelisi seoseid uuriti
lineaarse regressioonimudeli abil.

Uurimisto6 tulemused ja jareldused

Juba varase reumatoidartriidi korral esinevad kétes ja jalgades erinevad struktu-

raalsed ning funktsionaalsed muutused.

1. Artriidi diagnoosiga patsientide grupis oli vdiksem kéte ja jalgade lihasmass
ning sellest tingituna ka halvenenud lihasfunktsioon. Varase artriidi esinemine
oli seotud norgema kéte pigistusjouga ja kehvema lihasjoudlusega 30 sekundi
jooksul toolilt tdusmise testil. Lisaks oli neil suurem kéte rasvamass, samas
olulist muutust jalgade rasvamassis ei esinenud. Kéite ega jalgade luumass ei
olnud varase artriidi korral oluliselt vihenenud, samas vorreldes kontroll-
grupiga esines neil juba oluline kdeluude mineraalaine tiheduse vihenemine.

2. Varase artriidi korral oli kdte ja jalgade lihasmassi vihenemine seotud kor-
gema CRYV véirtusega, viidates RA korral esinevale siisteemsele poletikuli-
sele kahjustusele.
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3. Varase RA korral tekkivad erosioonid ei seostu kdeluude mineraalaine tihe-
duse viahenemisega, ehkki 76%-1 varase RA-ga patsientidest esinesid erosioo-
nid haiguse algfaasis.

4. Kéeluude mineraalaine tiheduse vihenemise ja erosiivsete muutuste tekkega
seostuvad faktorid erinevad reumatoidartriidi varases faasis. Kdeluude mineraal-
aine tiheduse vdhenemine seostus korgema IL-6 taseme ning reumatoidfaktori
positiivsusega. Samas elustiilifaktorid, nagu kdrgem KMI ja suitsetamine, seos-
tusid suurenenud erosiivsete muutuste tekke tdendosusega labakie rontgeniiles-
votetel. Suitsetamine tOstis erosiivsete muutuste tekke riski 10 korda.

5. Varase artriidiga patsientide dieedi ning kéte ja jalgade strukturaalsete muu-
tuste tekke vahel enamasti olulisi seoseid polnud. Ainult korgem poliikiillastu-
mata rasvhapete (PUFA) kogus toidus seostus kdte vdiksema rasvamassiga.
Kite ega jalgade lihasmassi muutustele ei omanud mdju toiduga tarvitatud
PUFA ega valkude hulk. Suitsetamisel ei olnud varase RA korral olulist moju
ei kéte ega ka jalgade luu- ning lihasmassile, niisamuti mitte lihasfunktsiooni
muutustele.

Uurimus aitas selgitada moningaid faktoreid, mis seostuvad varase reumatoid-
artriidi korral tekkivate kéte ja jalgade strukturaalsete muutustega. Juba RA vara-
ses faasis esinevad nii strukturaalsed kui ka funktsionaalsed kéte ja jalgade muu-
tused. Esmased ndhud voivad olla kdeluude mineraalaine tiheduse vidhenemine,
siimmeetriline kéte ja jalgade lihasmassi vdhenemine ning kdte rasvamassi suu-
renemine. Seepdrast on varase reumatoidartriidi korral oluline hinnata kési ja
jalgu paralleelselt, kuna artriidist mdjutatud liigeste haaratus voib patsientidel
erineda. Uuringu tulemusena leidsime ka, et madalam kdeluude mineraalaine
tihedus seostus madalama seerumi 25 (OH) D-vitamiini tasemega.

Praktilisest aspektist voiks varase RA korral lisaks tavapérasele rontgenuurin-
gule teostada kéeluude mineraalaine tiheduse ning lihasmassi modtmise koos
seerumist IL-6 médramisega. Meetod voimaldaks paremini profileerida varase
reumatoidartriidi patsiente, valimaks neile paremad ning terviklikumad ravi-
strateegiad. Lisaks voiks osteoprotegeriini méddramine seerumist olla tdiendav
diagnostiline marker poletikulise aktiivsuse ning aktiivse liigeskahjustuse hinda-
miseks reumatoidartriidi korral.
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