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Abstract
Background: First-degree relatives (FDRs) of rheumatoid arthritis (RA) patients are known to have
increased risk of developing the disease. The detection of altered bone metabolism in FDRs could be a
predictor of the disease. Preclinical phase of RA is characterized by a state of autoimmunity and
inflammation. Musculoskeletal ultrasound (MSUS) is known for its ability to detect subclinical joint
inflammation in RA, but changes in FDRs are not yet described.

Objectives: To study serum osteopontin (OPN) and osteoprotegerin (OPG) levels in first degree relatives
(FDRs) of rheumatoid arthritis (RA) as markers of altered bone metabolism in relation to clinical,
laboratory and musculoskeletal ultrasound (MSUS) findings. 

Methods: Fifty-five individuals were included, 20 had definite RA, 25 were FDRs of RA patients, and 10
healthy controls. Clinical evaluation for joint swelling/tenderness was performed for all. ESR, CRP,
rheumatoid factor (RF), anti-citrullinated antibodies (ACPA), OPN, OPG, and MSUS by the US7 score were
evaluated.

Results: 

OPG was significantly higher in RA (143.89 pg/ml±365.47) than in FDRs (22.23 pg/ml±65.73; p=0.009)
and controls (6.20 pg/ml±12.43; p=0.003). OPN was also higher in RA (3.66 ng/ml±4.20) than in FDRs
(1.97 ng/ml±1.04) and controls (2.81 ng/ml±1.31), though not significant (p=0.102). Eight of 25 FDRs
(32%) had arthralgia without clinical arthritis and 17/25 (68%) were asymptomatic. FDRs with arthralgia
had significantly higher ESR and CRP levels than asymptomatic FDRs (9.82 mm/h±4.13; p=0.003, and
3.93 mg/l±3.58; p=0.003). OPG was higher in FDRs than in controls, and also in those with arthralgia
(51.55 pg/ml±114.68) than in those without (8.44 pg/ml±9.67), though without significant difference.
OPN was higher in FDRs with arthralgia (2.09 ng/ml±1.19) than in asymptomatics (1.70 ng/ml±0.55),
also without significant difference. Pathologic findings by US7 were detected in 10/25 (40%) FDRs, of
which three (12%) had arthralgia and seven (28%) were asymptomatic. 

Conclusions: The raised OPG and lower OPN in FDRs than in controls reflect an altered bone metabolism
which could precede clinical disease phase. OPN and OPG could serve as markers of altered preclinical
bone metabolism in FDRs of RA. US7 score might be a useful screening tool to identify ‘at-risk’
individuals. 

Key Points
OPN and OPG could serve as markers of altered preclinical bone metabolism in FDRs of RA.

US7 score might be a useful screening tool to identify FDR ‘at-risk’ of clinical disease.

Background
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Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease that commonly leads to
progressive joint damage, impaired function, and progressive disability [1]. Bone resorption is a hallmark
of RA; however, bone destruction may occur before the detection of inflammation in the joints of anti-
citrullinated peptide protein antibody (ACPA) positive individuals at risk for RA not yet having the clinical
evident disease [2, 3].

A positive family history of RA increases the risk of RA in 3 to 9 times [4]. Higher levels of multiple
cytokines and chemokines were found to be associated with RA-related autoantibody positivity in first
degree relatives (FDRs) without clinically apparent RA. Accordingly, FDRs can represent the preclinical
phase of RA [5].

Early diagnosis of RA is important because early treatment reduces the long-term disability. Clinical
examination and laboratory tests are limited for early detection of subclinical synovitis. Conventional
radiography is insensitive in detecting early bone damage [6]. Musculoskeletal ultrasound (MSUS)
including power Doppler (PD) is increasingly used to evaluate joint involvement in RA, particularly early
and subclinical synovitis, due to its high sensitivity in depicting local inflammation such as synovitis and
tenosynovitis [7].

Osteopontin (OPN) works as a proinflammatory cytokine that can modulate the immune response by
enhancing expression of Th1 cytokines and matrix degrading enzymes [8]. Increased expression of OPN
is found in RA [9]. The involvement of OPN in RA has been explained by OPN-induced migration,
differentiation, and functional activation of osteoclasts (OCs) and T-lymphocytes [10], leading to
pathological processes of RA [11].

Osteoprotegerin (OPG) regulates bone resorption mainly by inhibiting osteoclastic bone resorption and
also promoting osteoclast apoptosis [12]. OPG works as a decoy receptor, preventing association of
receptor activator of nuclear factor-kappa B ligand (RANKL) with RANK receptor [13, 14], and thus
moderating osteoclastogenesis and bone resorption. An imbalance of this system may be partly
responsible for the skeletal complications of RA [15].

FDRs of RA are known to have increased risk of developing the disease [5]. The detection of altered bone
metabolism in FDRs could be a predictor of the disease. Preclinical phase of RA is also characterized by
a state of autoimmunity and inflammation [16].

MSUS is known for its ability to detect subclinical synovitis, [17] but changes in first FDRs are not yet
described.

The aim of our work was to study OPN and OPG, as markers of altered bone metabolism in FDRs of RA
patients in relation to clinical manifestations, laboratory markers, and MSUS findings in FDRs compared
to RA patients and healthy individuals. Furthermore, FDRs with and without clinical symptoms
(arthralgia) were compared.
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Methods
The study included 55 persons divided into 20 RA patients fulfilling the 2010 RA ACR/ EULAR criteria [18]
(group І) and 25 FDRs of RA patients (group II); those with past or present arthritis (defined as one or
more swollen joints), age < 18 years, previous treatment with a disease-modifying anti-rheumatic drug or
recent glucocorticoid treatment, systemic autoimmune disease, systemic infections, lymphoproliferative
disorders were excluded from the study. Ten healthy controls (group III) with matched age and sex were
also included.

All participants gave their informed consent. The study was approved by the local ethical committee
before onset.

CLINICAL ASSESSMENT

All participants were subjected to full medical history, complete clinical examination, with emphasis on
details of joint manifestations. In RA patients, clinical assessment (tender/swollen joint count) was done
using disease activity score DAS28(ESR), patient's global assessment (PGA) and pain visual analogue
scales (VAS 0-100mm each) [19,20,21]. Also, the health assessment questionnaire (HAQ) was evaluated.

LAB ASSESSMENT

Laboratory investigations were performed to all groups and included erythrocyte sedimentation rate (ESR;
normal level <10 mm/h), C-reactive protein (CRP; normal level <3.0 mg/l) [22], IgM-rheumatoid factor (RF)
(normal level<15.9 IU/ml) and anti-citrullinated protein antibodies (ACPA) (normal level<20 U/ml) [23],
serum levels of osteopontin (OPN) (ng/ml) [24] and osteoprotegerin (OPG) (pg/ml)[25].

IMAGING ASSESSMENT

MSUS:

All RA patients and FDRs were scanned by an experienced EULAR certified MSUS trainer using the US7
score [26]. US7 score was conducted on the following joints of the clinically most affected hand and
forefoot: wrist, MCP II, III, PIP II, III, MTP II, and V which were assessed for synovitis,
tenosynovitis/paratenonitis, and erosions. Synovitis and synovial/tenosynovial vascularity were scored
semiquantitatively (grade 0–3) on GS and PDUS. Tenosynovitis as well as erosions were scored for their
presence (0/1). The wrist was examined in the dorsomedian, ulnar, and palmar aspects for synovitis and
tenosynovitis in GS and PDUS, and for erosions. The MCP II and III were assessed in the dorsal aspect for
synovitis in PDUS, for paratenonitis in GS and PDUS, and also for erosions. The radial aspect of MCP II
was scanned for erosions, and in the palmar aspect for synovitis and tenosynovitis in GS and PDUS as
well as for erosions. PIP joints II and III were examined in the dorsal aspect for synovitis in PDUS and for
erosions, and in the palmar aspect for synovitis in GS and PDUS and for erosions. The toe joints MTP II
and V were examined in the dorsal aspect for synovitis in GS and PDUS, and for erosions and in the
plantar and lateral (only MTP V) aspects for erosions.
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Sum scores for synovitis, tenosynovitis/paratenonitis, and erosions were calculated. The scoring for GS
synovitis ranged from 0–27, for the PD synovitis score 0–39, for the GS tenosynovitis score 0–7, for the
PD tenosynovitis score 0–21, for the erosions score 0–17 including wrist examination.

In asymptomatic FDRs the right hand and forefoot were examined (dominant side).

US examination of each patient took 20-30 minutes, including documentation.

Clinical evaluation and MSUS scanning were carried out on the same day of the blood sampling.

Machine data:

All scans were performed with the Acuson X150 Antares ultrasound system, premium edition (Siemens,
Malvern, PA, USA) using linear array transducers VF 13-5 SP for finger and toe joints, operating at 11.43
MHz for GS and 8.9 MHz for PD. 

Conventional radiography:

Plain x-rays of the hands and forefeet (of the MSUS scanned side) were available only for RA patients,
but not for FDRs or controls. The presence of erosions was determined as present or absent (0/1).

STATISTICAL ANALYSIS OF THE DATA

Data were analyzed using IBM SPSS version 20 [27]. Qualitative data were described using number and
percentage. Quantitative data were described using mean ± standard deviation, median and range
(minimum and maximum). Significance of the obtained results was judged at the 5% level. The used
tests were: Chi-square test for categorical variables to compare between different groups, Fisher’s Exact
or Monte Carlo correction (correction for chi-square when more than 20% of the cells have expected count
less than 5); Student t-test for normally quantitative variables to compare between two studied groups, F-
test (ANOVA) for normally quantitative variables to compare between more than two groups, and Post
Hoc test (LSD) for pairwise comparisons, Kruskal Wallis test for abnormally quantitative variables to
compare between more than two studied groups, Mann Whitney test or abnormally quantitative variables
to compare between two studied groups, and Spearman coefficient to correlate between two abnormally
quantitative variables.

Results
Demographic and clinical data

Mean age in RA was 39.50±13.43 years with a mean disease duration of 11.95±8.36 years. In FDRs the
mean age was 33.1±13.4 years, and in controls it was 33.70±6.99 years. In RA patients, 14 (70.0%) were
female. In FDRs of RA patients, 19 (76.0%) were female. In healthy controls, six were (60.0%) female.
There was no statistically significant difference between the three studied groups regarding age and sex.
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All RA patients fulfilled the 2010 ACR/EULAR classification criteria [18] and were suffering from
arthralgia/arthritis mainly symmetrical and polyarticular; the most commonly involved joints were the
small joints of hands and feet. There were 17 (68%) of FDRs without arthralgia and eight (32%) with
arthralgia (as arthritis was an exclusion criterion) that involved different joints of the hands, feet, knees
and shoulders. None of the controls had current/past joint symptoms.

Seventy percent of RA patients had a disease duration of >5 years, 90% showed high disease activity
(DAS28 >5.1), 70% had severe to very severe disability (HAQ score ≥ 2 to ≤ 3), and 80% presented with
severe degree of fatigue (PGA > 50 – 100 mm) and severe pain (70-100 mm).

Lab Results

ESR and CRP:

Mean ESR was significantly higher in RA (64.15±34.29) than in FDRs (15.6±11.04; p<0.001) and controls
(6.0 ± 2.05, p<0.001) and significantly higher in FDRs than in controls (p=0.001).

Mean CRP was significantly higher in RA (26.38±29.14) than in FDRs (5.99±5.08, p<0.001) and controls
(2.02±0.53, p<0.001) and significantly higher in FDRs than in controls (p=0.011).

RF and ACPA:

Mean RF and ACPA were statistically higher in RA than in FDRs and controls. Mean ACPA was higher in
FDRs than in controls while there was no difference regarding mean RF between FDRs and controls.
(Table 1) 

OPN and OPG:

OPN was non-significantly higher in RA (3.66±4.20) than in FDRs (1.97±1.04) and controls (2.81±1.31,
p=0.102). OPG was significantly higher in RA (143.89±365.47) than in both FDRs (22.23±65.73, p=0.009)
and controls (6.20±12.43, p=0.003). (Table 2)

Whereas, FDRs had higher mean OPG and lower OPN compared to controls but without reaching
statistical significance. (Table 2)

In RA, mean OPN and OPG were higher in RF and ACPA positive RA than RF and ACPA negative patients
but without reaching statistical difference. (Table 3)

In the three studied groups, no correlation was found between the measured markers of bone metabolism
(OPN and OPG) and   the different clinical and lab parameters (supplementary data).

Lab results in FDRs with and without arthralgia:

Eight FDRs (32%) had arthralgia and 17 (68%) FDRs were asymptomatic. FDRs with arthralgia had
significantly higher ESR and CRP values than asymptomatic FDRs (p=0.003) (Table 4).
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OPG was higher in FDRs than in controls (table 2) and higher in those with arthralgia than in those
without (n.s.; p=0.314). (table 4) Similarly, serum OPN was higher in FDRs with arthralgia than in
asymptomatic FDRs (n.s.; p=0.620).

Furthermore, mean RF and ACPA were higher in FDRs with arthralgia than in FDRs without  (Table 4).

MSUS Findings:

MSUS findings were detected in 16 (80%) RA and in ten (40%) FDRs of whom three FDRs (12%) had
arthralgia and seven (28%) were asymptomatic. Synovitis was the commonest MSUS finding in RA (n=16;
80%) and FDRs (n=10; 40%). (Figures 1 and 2). Tenosynovitis was present in five (25%) RA patients and
in one (4%) FDR. Erosions were detected in nine (45%) RA patients and in one (4%) FDR (on radial MCP II
scan). (Figure 3)

In RA patients, the wrist was most commonly affected on MSUS (n=14; 70%), followed by MCP II and
MTP II joints in 11 patients each (55%), MTP V joint in eight (40%), MCP III joint in six (30%), and PIP II
joint in four (20%) patients, with least involvement in the PIP III joint in three (15%) RA patients. In FDRs,
the wrist was also the most commonly involved joint on MSUS together with MTP II joint in six (24%)
FDRs, followed by MCP II joint in one (4%). In FDRs, MCP III, PIP II and III, and MTP V joints were not
affected.

Plain x-ray findings:

Plain x-ray of the scanned hand and foot were performed in all RA patients. Erosions were detected by
plain x-ray in eight RA patients. Radiographic erosions were mostly detected in the wrist of five RA (25%)
and MCP II joints in five (25%) RA patients, followed by MTP V joint in two (10%) RA patients, then MTP II
joint in one (5%) patient. MCP III, PIP II and PIP III joints were not affected by erosions via x-ray.

Discussion
Biochemical markers of bone and cartilage turnover may provide a potentially sensitive method for
detection of active bone and cartilage degradation in RA [28], and it was suggested to reflect similar
changes in the pre-clinical phase of RA, thus allowing to identify individuals who are at risk of developing
the disease [16].

OPN and OPG are suggested to be related to the metabolic bone changes which occur in RA, but
insufficient data are available on their changes in preclinical RA.

There are only two studies in the current literature which measure bone metabolism biomarkers in the
preclinical phase of RA, but without definitive conclusions. One study reported the high prevalence of
cartilage oligomeric matrix protein in the period near the diagnosis [29]. The other was performed by van
Schaardenburg D et al. [16], who reported statistically significant increased mean levels of OPG and N-
terminal type I procollagen pro-peptide in preclinical RA compared to controls.
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In the current work, we measured serum OPN and OPG in RA and their FDRs compared to healthy controls
as markers of pre-clinical disease.

OPN levels were higher in RA patients than in controls (without statistically significant difference). OPN
levels were lower in FDRs than in controls (also non-significant). Several studies [30–33] reported the
finding of significantly raised serum OPN in RA compared to healthy controls. When compared to
systemic sclerosis patients, OPN levels were significantly higher in RA [33]. Meanwhile, there was no
difference in OPN between systemic sclerosis and controls. As a result of these observations, OPN was
suggested to be related to RA disease pathogenesis. Furthermore, a recent meta-analysis reported the
significantly raised OPN in RA compared to osteoarthritis patients [34]. The detection of raised OPN in RA
compared to other inflammatory and non-inflammatory arthritis strengthens the assumption that it is
related to RA pathogenesis.

Although raised OPN levels in RA were confirmed in most studies, its relation to inflammatory parameters
were inconsistent. Shaker et al. [30] reported that serum OPN was significantly correlated with parameters
of disease activity such as the duration of morning stiffness, ESR and DAS28. Similarly, Bazzichi et al.
detected that OPN level was significantly related to CRP and disease severity reflected by the HAQ score
in RA patients [33].

In contrast, other studies [31–32] as well as the current work did not detect a significant correlation
between serum OPN in RA patients and DAS28 as a measure of disease activity. In addition, the current
work did not reveal any statistically significant correlation between serum OPN and the other assessed
parameters in RA patients.

The second biochemical markers for bone turnover measured in this study was OPG. Significant
differences in OPG levels were detected between the three studied groups, with significantly higher levels
in RA patients compared to FDRs and controls.

Similarly, most studies reported raised OPG levels in RA compared to controls and correlated it with
inflammatory activity in RA [35, 36]. A recent meta-analysis [37] revealed that, compared with the control
group, OPG levels were significantly higher in the RA group (p < 0.001), and the disease activity score
DAS28 was associated with OPG level in RA patients.

In the current study, although there was no correlation between OPG and laboratory parameters of active
inflammation (DAS28, ESR and CRP), there was a statistically significant positive correlation between
serum OPG and GS synovitis, which reflects joint inflammation. This may support the relation between
OPG and inflammation in RA as detected by MSUS.

In order to test the hypothesis that FDRs of RA may have similarly altered bone metabolism, we measured
serum OPN and OPG in FDRs without clinical symptoms. All included FDRs were examined by MSUS for
assessing the presence of subclinical synovitis; ESR and CRP were also measured.
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To the best of our knowledge, this is the first study to test serum OPN and OPG in FDRs, also in relation to
MSUS.

Mean serum OPN was numerically lower in FDRs than in RA patients and controls. In addition, the mean
serum OPG was significantly lower in FDRs than in RA patients. It was numerically higher in FDRs than in
controls. There was no significant correlation between serum OPN or OPG and different measured
parameters in FDRs.

The increased OPG in FDRs than controls could reflect an increased osteoclast activity in the preclinical
phase, which was previously proposed by van Schaardenburg D et al. [16]. Liu YY et al. suggested that
OPG levels vary at different rheumatoid disease stages [38] and found it to be elevated in early RA
compared to longstanding disease. Thus, it seems logic to be also raised short before clinical disease
onset in pre-RA, consequently to be raised in FDRs than in controls.

The difference in the levels of these markers of bone metabolism in FDRs compared to healthy controls
(though, without statistically significant difference) denotes that FDRs possess an alteration from normal
bone metabolism. Conforming with the same concept, when multiple cytokines in sera from unaffected
FDRs of RA were previously compared to RA and healthy controls, they proved to have distinct cytokine
profiles [39]. In order to confirm our findings and to find an explanation for these alterations, testing these
biochemical markers on larger scale studies is mandatory.

Eight of 25 (32%) FDRs in the current study had arthralgia, while 17 FDRs (68%) were asymptomatic. This
is not unusual, as it is reported that FDRs were significantly more likely to report joint symptoms
compared to individuals with no family history of autoimmune disease [40].

In this study, the US7 score was performed for all RA patients (n = 20) and their FDRs (n = 25).

The detection of MSUS findings in 16/20 (80%) RA patients is an expected finding, but the detection of
abnormal MSUS findings in 10/25 (40%) FDRs is noteworthy. Three of 10 (12%) FDRs with MSUS
findings had arthralgia and 7/10 (28%) were asymptomatic. Synovitis was the commonest MSUS finding
in RA (n = 16/20, 80%), and in their FDRs (n = 10/25, 40%). In addition, the joints most commonly involved
in FDRs were the same as those involved in RA, being the wrist, MTP II and MCP II.

Erosions were detected in nine (45%) RA patients and in one (4%) FDR (in MCP II). The high percentage of
bone erosions in RA is a further confirmation of the increased osteoclastogenesis. What was not
expected is the detection of an erosion in an asymptomatic FDR which could be in favor of the presence
of altered bone metabolism that is hypothesized to occur before clinical disease phase.

It was postulated that joint damage is not only the consequence of arthritis, but autoimmune processes
that begin years before the clinical disease onset could play a role [41]. Thus, the finding of erosions in
asymptomatic FDRs may be a result of an increased osteoclast activity in the preclinical phase which
may explain the raised OPG in FDRs compared to controls.
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Furthermore, mean ESR and CRP were statistically higher in FDRs than in controls. This conforms with
what was previously reported of increased levels of acute phase reactants years before the onset of RA
symptoms in blood donors [42, 43].

Of note, the mean ACPA was higher in FDRs than in controls, but without revealing statistical difference. It
is well known that RA patients have raised RF and ACPA in the pre-clinical stage. This was first shown in
a pivotal study by Nielen et al. [44] who observed the increased prevalence of autoantibodies over time in
serum samples from RA patients collected serially in the preclinical phase before RA becomes clinically
evident.

When FDRs with arthralgia were compared to those who were asymptomatic, several observations were
done: FDRs with arthralgia had significantly higher ESR and CRP than asymptomatic FDRs (both p = 
0.003). OPG was higher in those with arthralgia than in those without (though, without statistical
difference). Serum OPN was higher in FDRs with arthralgia than in asymptomatics, also without
significant difference. Furthermore, mean RF and mean ACPA were higher in FDRs with arthralgia.

Considering the EULAR formulated phases of RA development [45], FDRs of RA with arthralgia could
represent the phase of symptoms without clinical arthritis; a more advanced phase in the timeline
development of RA than asymptomatic FDRs. Accordingly, this can bring more insight into the
pathogenesis of RA development.

All these altered findings assume that FDRs already “suffer” subclinical inflammatory, immunologic and
imaging alterations in comparison to healthy controls.

The results of the current study are consistent with the hypothesis that FDRs are at an increased risk of
developing RA than the general population [46], and represent a preclinical phase of RA. Considering this,
timely follow-ups of FDRs for early initiation of treatment thus preventing progression to overt disease
and disability is mandatory.

Study limitations:

The main limitation of this study is that the number of samples analyzed is relatively small to draw solid
and definite conclusions. Another limitation might be that the US scans were performed by a single
rheumatologist though highly experienced in MSUS (ES).

Conclusions
The significant elevation of OPN and OPG in RA denotes the already altered bone metabolism. The raised
OPN and lower OPG in FDR than controls reflect state of altered bone metabolism. Moreover, FDRs with
arthralgia experience higher mean levels of serum OPN, OPG, ESR, CRP, RF, and ACPA than asymptomatic
FDRs. These findings reflect an ongoing disturbed bone metabolism and inflammation in FDRs which
could precede the clinical disease phase. Thus, OPN and OPG could serve as markers of altered
preclinical bone metabolism in rheumatoid FDRs.
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The current study confirms the presence of inflammatory synovial changes in FDRs of RA who are free of
clinical disease. These findings strengthen the concept of FDRs as pre-RA. While US7 score in RA is
significantly correlated to disease duration and autoantibodies, in FDRs US7 score is a useful screening
tool to identify subclinical synovitis in at-risk individuals.

More long-term studies on FDRs are needed for establishing the predictive value of abnormal MSUS
findings for the development of persistent arthritis. Results need to be confirmed on larger numbers of
FDRs for developing criteria for screening symptomatic FDRs for pre-clinical phase of RA and their follow
up, aiming at early diagnosis and management to prevent disability. Using MSUS and biomarkers of bone
metabolism, in addition to RA autoantibodies, can add to the sensitivity and specificity of the screening
methods.
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US7 score: 7-joint ultrasound score

RA: Rheumatoid arthritis

GSUS: Grayscale ultrasound

PDUS: Power Doppler ultrasound

MCP: Metacarpophalangeal

PIP: Proximal interphalangeal

MTP: Metatarsophalangeal

EULAR: European League Against Rheumatism

ESR: Erythrocyte sedimentation rate

CRP: C-reactive protein

FDRs First degree relatives

DAS28: Disease activity score of 28 joints

MSUS: Musculoskeletal ultrasound

HAQ: health assessment questionnaire

VAS: visual analogue scales

ACR: American college of rheumatology

RF: Rheumatoid factor

ACPA: Anticitrullinated protein antibodies

OPN: Osteopontin

OPG: Osteoprotegerin

RANKL: receptor activator of nuclear factor-kappa B ligand

DMARDs: Disease modifying anti-rheumatic drugs
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