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Background: Osteoporosis is a common comorbidity of rheumatoid arthritis (RA).
Although RA disease activity has been demonstrated to be associated with bone loss
in previous studies, most of them were cross-sectional studies and not in the context of
treat-to-target (T2T) strategies.

Objectives: This study aimed to evaluate the association of disease activity with bone
mineral density (BMD) changes in the context of T2T strategies in a prospective RA cohort.

Methods: RA patients were enrolled from a prospective CENTRA cohort of Peking
University First Hospital. The follow-ups have been scheduled every 3 to 6 months. BMD
was repeated at baseline, 1 year, and then every other year. Demographics, baseline
clinical features, laboratory data, and medications at each visit were recorded. Time-
adjusted mean disease activity scores were adopted to reflect the overall disease activity
during follow-up. The influence of univariable associations between predictors and BMD
was investigated using linear regression.

Results: A total of 268 patients were included in our analysis. Their mean age was 50
(12.9) years, and 224 (83.6%) were women. The median (IQR) disease duration was 48.7
(107.6) months. Osteoporosis in the lumbar spine was observed in 23.1% of patients and
9.3% in the femoral neck at enrollment. Older age, higher SDAI score, and lower BMI were
associated with osteoporosis at baseline. The proportion of patients who achieved
DAS28-ESR, CDAI, and SDAI remission or LDA at the end of the first year was 71.5%,
68.8%, and 67.4%, respectively. Reevaluations of BMD at 1 year were applied to 144
patients. Mean decreases of BMDs were 1.75% at the lumbar spine and 1.40% at the
femoral neck at 1 year from baseline, respectively. Patients who achieved remission had
less yearly bone loss in the lumbar spine (p = 0.036). Female gender was identified as a
risk factor in the multiple linear regression analyses, and lower disease activity and
bisphosphonates were protective factors of continuous bone loss.

Conclusion: Disease activity is associated with bone loss in RA patients in the context of
T2T strategies, and those who achieved remission had less yearly bone loss.
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1 INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease
affecting about 1% of the general population worldwide (1, 2).
RA is characterized by synovial inflammation and proliferation,
accompanied by cartilage erosion and bone loss (3). Therefore,
osteoporosis (OP) is one of the most common comorbidities of
RA, which may lead to fragility fractures (4).

OP was reported in 15%–36% of RA patients depending on
different measuring sites and races (5–9), and fragility fracture
was about 2-fold in patients with OP secondary to RA compared
with the general population (10). Moreover, in the Fracture Risk
Assessment Tool proposed by the World Health Organization
(WHO) aiming to evaluate the 10-year probability of hip and
major osteoporotic fractures, RA is the only disease included as a
risk factor (11).

Although previous studies have demonstrated the deleterious
influence of active disease on bone loss (6, 12–14), most of these
studies were cross-sectional designs or conducted before the
introduction of treat-to-target (T2T) strategies. A recent
randomized controlled trial aiming to discover the effect of T2T
strategies on bone erosion progression found that achieving
sustained remission defined by simplified disease activity score
(SDAI) was associated with partial erosion repair (15). Biological
disease-modifying antirheumatic drugs (bDMARDs) and targeted
synthetic disease-modifying antirheumatic drugs (tsDMARDs)
have been demonstrated to halt the progression of bone erosions,
even partially repair erosion, and protect from bone loss in patients
with RA (16–19). A recent study found that when RA disease
activity is well controlled using the T2T strategy, the risk of bone
mineral density (BMD) loss is diminished, suggesting a correlation
between RA disease activity and bone loss (20). However, it has not
clearly demonstrated the relationship between disease activity and
bone loss dynamically. Until now, there is little evidence clarifying
the influence of the T2T strategy on BMD and its influential
factors. Therefore, we set out to evaluate the changes in BMD in
our prospective RA cohort in the context of T2T strategies.
2 MATERIALS AND METHODS

2.1 Study Design
The Collaboratively intENsive Treat-to-target in RA (CENTRA)
cohort is a prospective observational real-world cohort
conducted in the Rheumatology and Clinical Immunology
Department of Peking University First Hospital since October
2015. More details of the cohort have been described in our
previous study (21).

2.2 Participants

Inclusion criteria:

1. ≥18 years of age.

2. Fulfilled the 2010 American College of Rheumatology/
European League Against Rheumatism classification criteria
for RA (22).
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Exclusion criteria:

1. Patients with comorbidities of thyroid disease with abnormal
thyroid function or parathyroid diseases, poorly controlled
diabetes mellitus, malabsorption, chronic diarrhea, and celiac
disease.

2. Patients treated with menopausal hormone therapies.
2.3 Data Collection
2.3.1 Baseline Demographics
Age, sex, RA disease duration, body mass index (BMI), current
and past smoking status, menopausal status, and past medical
history were recorded. Menopause was defined as a permanent
end of menstrual bleeding monthly periods for at least 1 year.

2.3.2 Laboratory Results at Each Visit
Complete blood count, hepatic and renal function, fasting glucose,
erythrocyte sedimentation rate (ESR, mm/h), C-reactive protein
(CRP, mg/L), and rheumatoid factor (RF, IU/ml), are routinely
tested at each visit. Anticyclic citrullinated peptides (anti-CCP, RU/
ml) and anti-mutated citrullinated vimentin (anti-MCV, U/ml)
were tested at baseline, year 1, and then at 2-year intervals.

2.3.3 Disease-Related Clinical Data at Each Visit
Tender joint count (TJC) and swollen joint count (SJC) based on
28 joints, patient’s global assessment (PGA, 100 mm VAS),
evaluator’s global assessment (EGA, 100 mm VAS), and
questionnaires concerning patient-reported outcomes are
performed at baseline and all visits of follow-up. Disease
activity scores based on the 28-joint count and ESR (DAS28-
ESR), the simplified disease activity index (SDAI), and the
clinical disease activity index (CDAI) are calculated to assess
the disease activity. The formula used to calculate the composite
disease activity scores with corresponding definitions of
remission and LDA are as follows (23–25):

CDAI = TJC28 + SJC28 + PGA + EGAð Þ ≤ 2:8 remissionð Þ;> 2 : 8and ≤ 10 LDAð Þ

SDAI = TJC28 + SJC28 + CRP + PGA + EGAð Þ ≤ 3:3

remissionð Þ; 3 : 3and ≤ 11 LDAð Þ

DAS28 − ESR = 0:56 ffip TJC28½ � + 0:28 ffip SJC28½ � + ln  ESR½ � + 0:014� PGA
� �

< 2:6 remissionð Þ;≥ 2 : 6and ≤ 3 : 2 LDAð Þ
To evaluate the overall disease activity during follow-up,

more objective, time-adjusted mean (AM) ESR, CRP, and
disease activity scores were adopted to eliminate the
interference of varying time intervals. The area under the curve
of ESR, CRP, or disease activity scores over time was calculated
by adding the area of each of the blocks of visit interval and then
dividing them by the length of time for the whole period (26, 27).

o
n

i=2
  (
Xi + Xi−1

2
)ti

o
n

i=2
  ti
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Xi = DAS28(ESR) of number i follow-up, ti = the time interval
of number i and number i–1 follow-up.

2.3.4 Assessment of OP and Fractures
BMDs at the femoral neck and lumbar spine were measured at
baseline, first year, and then every other year by dual-energy X-
ray absorptiometry (DXA) using the Norland DXA scanner.
BMDs were expressed in absolute values as grams of mineral
content per square centimeters of bone area (g/cm2) and T-score.
The percentage of change in BMD (%DBMD) was calculated.

According to the WHO classification criteria, OP was defined
as a BMD that lies 2.5 standard deviations (SD) or more below
the average value (a T-score of <−2.5 SD) (28). Identification of
fracture was based on patient-reported symptoms and
subsequent confirmation by radiography.

The primary endpoint was the percentage of change in
lumbar BMD and femoral neck BMD from baseline. The first
occurrence of a fracture was the secondary endpoint of the study.

2.3.5 Medications at Each Visit
Medications at baseline including conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), for instance,
methotrexate (MTX), leflunomide (LEF), hydroxychloroquine
(HCQ), sulfasalazine (SSZ), glucocorticosteroids (GC), as well as
biological/targeted synthetic disease-modifying antirheumatic
drugs (DMARDs) (b/tsDMARDs) were recorded. The prescribed
GCwas converted to prednisolone equivalent dose and collected as
a cumulative dose during follow-up.

2.4 Statistical Analysis
The descriptive statistics contained means and standard
deviation (SD), medians and interquartile ranges (IQR), or
percentages for each relevant variable. The difference between
the two groups was assessed by the t-test or nonparametric test.
A comparison of categorical data was performed using the Chi-
square test. A logistic regression model with odds ratio (OR) and
95% confidence interval (CI) was used to determine the variables
associated with OP at baseline.

The influence of univariable associations between predictors
and BMD was investigated using linear regression analysis. To
identify independent predictors of BMD, we performed stepwise
multivariable linear regression analyses that included variables
being significant in the univariable analyses of the total sample
at p < 0.10.

All reported p-values were 2-sided, and only associations with
a p < 0.05 were considered statistically significant. All statistical
analyses were performed using SPSS software (version 22, IBM
Corporation, Armonk, USA).
3 RESULTS

3.1 Demographics and Baseline Clinical
Characteristics of RA Patients
A total of 268 consecutive patients contributing to 1,842 clinical
visits were included in the study. Their mean (SD) age was 50
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(12.9) years, with a median (IQR) disease duration of 48.7
(107.6) months. Of these patients, 224 (83.6%) were women and
half of them (112, 50%) were postmenopausal. The median (IQR)
age of menopause and the time for menopause to baseline were 50
(5.5) years and 7.84 (8.6) years, respectively. The median (IQR)
serum creatinine was 70 (15) mmol/L and the mean (SD) eGRF
was 89.33 (16) ml/min/1.73 m2. Median (IQR) fasting glucose was
5.14 (0.7) mmol/L. At enrollment, the mean (SD) DAS28-ESR was
3.4 (1.5), and the median (IQR) CDAI and SDIA were 10 (14.45)
and 10.30 (16.53), respectively. The demographics and baseline
clinical characteristics of RA are shown in Table 1.

3.2 Frequency and Risk Factors of OP at
Baseline
There were 62 (23.1%) patients with OP at the lumbar spine and
25 (9.3%) patients with OP at the femoral neck at baseline.
Compared with those non-OP patients, patients with OP at the
lumbar spine were significantly older (58 vs. 47.6, p < 0.001),
more likely to be postmenopausal (84.9% vs. 39.2%, p < 0.001),
and had lower BMI (21.3 vs. 23.4, p < 0.001) and higher disease
activity score. Besides, more OP patients ever exposed to GC in
the past (46.8% vs. 29.6%, p = 0.014). While at the femoral neck,
we found significant associations of OP with gender (p < 0.001),
age (p < 0.001), postmenopause (p < 0.001), BMI (p = 0.019), and
past/current smokers (p < 0.001) (Table 2).

The following variables were included in the multivariable
models: age, female gender, postmenopausal, BMI, HAQ score,
and SDAI score at baseline based on the results of univariate
logistic regressions (Table 3). Stepwise multivariable linear
regression analysis revealed that the most significant risk factor
for OP was older age (at the lumbar spine: OR, 1.12 (95% CI,
1.08–1.16), p < 0.001; at the femoral neck: OR, 1.11 (95% CI,
1.04 = 1.20), p = 0.004). A higher SDAI score was identified as a
risk factor for OP at the lumbar spine only (OR, 1.034 (95% CI,
1.01–1.06), p = 0.019), while higher BMI seemed to be a
protective factor at the lumbar spine (OR, 0.839 (95% CI,
0.752–0.937), p = 0.002).

3.3 Disease Activity of Patients During
Follow-Up
Overall, a steady decrease in disease activity based on the time-
adjusted mean DAS28, CDAI, and SDAI throughout the follow-
up year was observed (Figure 1). For DAS28, a dramatic decline
of 0.93 (25.9%) at the end of 3 months and 1.44 (40.1%) at the
end of 1 year from baseline was observed. Similarly, CDAI and
SDAI dramatically dropped 5.11~5.25 (54.8~63.6%) in the first
3 months and 6.75~7.22 (77.5~81.8%) at the end of 1 year.

At the end of the first year, the mean (SD) DAS28-ESR was
2.15 (1.09), and the median (IQR) CDAI and SDIA were 1.50
(4.00) and 2.10 (4.52), respectively. The proportion of patients
who achieved DAS28-ESR, CDAI, and SDAI remission was 71.5%,
68.8%, and 67.4% (Figure 2). Similar trends of declined disease
activity were observed in a 3-year follow-up (Supplementary
Figure S1). At the end of 3 years, the mean (SD) DAS28-ESR
was 1.82 (0.78), and the median (IQR) CDAI and SDIA were 1.00
(2.00) and 1.32 (2.00), respectively.
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3.4 The Change of BMDs During Follow-
Up in the Context of T2T Strategies for RA
Among 268 patients in the CENTRA cohort, 53 were not
included in the study due to a follow-up duration of less than
1 year. Because of the pandemic, 44 patients dropped out of the
cohort, and 27 patients missed assessment at a 1-year time point
of follow-up. The remaining 144 patients were included in the
final analysis (Figure 3; Table 1). At baseline, their mean (SD)
age was 50.3 (13.6) years, with a median (IQR) disease duration
of 47.9 (95.9) months. Of these patients, 120 (83.3%) were
women and half were postmenopausal. The mean (SD)
DAS28-ESR was 3.4 (2.5), and the median (IQR) CDAI and
SDIA were 8 (11.6) and 9.3 (12.2), respectively. At the end of the
first year of follow-up, OP was observed in 6.9% (10/144) of
patients at the lumbar spine and 10.4% (15/144) of patients at the
femoral neck. At the end of 3 years, 67 patients repeated BMD.
OP was observed in 9% (6/67) at the lumbar spine and 14.9%
(10/67) of patients at the femoral neck. No fracture occurred
during the whole follow-up period.

All patients received DMARD therapy, including GC,
csDMARDs, and b/tsDMARDs, with MTX most frequently
prescribed. The median (IQR) cumulative dose of prednisone
was 1,522.5 (887.5) mg and 2,745 (6,437.5) mg at the end of the
Frontiers in Endocrinology | www.frontiersin.org 4
first year and third year, respectively. The proportions of patients
who received bisphosphonate, calcium supplements, and vitamin
D were 19.4% (28/144), 69.4% (100/144), and 47.9% (69/144),
respectively (Supplementary Table S1).

Mean decreases of BMD per year were 1.75% at the lumbar
spine and 1.40% at the femoral neck. Results of the univariate
analyses are shown in Table 4. Linear associations were found
between decreases in BMD with gender, history of fracture,
bisphosphonate treatment, vitamin D supplement, as well as
time-adjusted mean disease activity scores. Patients with higher
time-adjusted DAS28 scores were more likely to have greater
bone loss per year (p = 0.028). Similar results were observed for
the disease activity measured by CDAI and SDAI. Female
patients showed more bone loss than male patients. Bone mass
at the lumbar spine was negatively influenced by a prior history
of fracture (p = 0.045), although this association was also not
statistically significant for the femoral neck (p = 0.746).
Bisphosphonate treatment or vitamin D supplement decreased
bone loss in our patients. GC and DMARDs seemed to be
unrelated to %DBMD in the univariate analysis. Moreover,
%DBMD at the femoral neck showed no such correlation in
either time-adjusted DAS28 (p = 0.827) or other time-adjusted
disease activity scores measured by CDAI or SDAI.
TABLE 1 | Baseline characteristics of 268 RA patients and those repeated BMD at 1 year.

All patients (n = 268) Repeated BMD at 1 year (n = 144)

Women (n (%)) 224 (83.6) 120 (83.3)
Age (mean (SD), year) 50.0 (12.9) 50.3 (13.6)
Age of onset (mean (SD), year) 43.0 (14.0) 43.6 (14.0)
BMI (mean (SD), kg/m2) 22.9 (3.9) 23.1 (4.0)
Postmenopause (n (%)) 112 (50.0)a 60 (50.0)b

Age of menopause (median (IQR), year) 50 (5.5)c 50 (4.8)d

Time since menopause (median (IQR), year) 7.84 (8.6)c 9 (9.7)d

Current or past smoking (n (%)) 38 (14.2) 20 (13.9)
History of fracture (n (%)) 32 (11.9) 17 (11.8)
Family history of fracture (n (%)) 37 (13.8) 24 (16.7)
Current or past glucocorticoids (n (%)) 90 (33.6%) 59 (40.9%)
Current or past bisphosphonates (n (%)) 5 (1.9%) 28 (19.4%)
Disease duration (median (IQR), month) 48.7 (107.6) 47.9 (95.9)
Serum creatinine (median (IQR), mmol/L) 70 (15) 73 (14.8)
eGRF (mean (SD), ml/min/1.73 m2) 89.33 (16) 87.39 (17.3)
Fasting glucose (median (IQR), mmol/L) 5.14 (0.7) 5.18 (0.8)
ESR (median (IQR), mm/h) 21.0 (30.0) 20.5 (29.0)
CRP (median (IQR), mg/L) 5.8 (11.2) 6.2 (10.8)
SJC (median (IQR)) 1.0 (3.0) 1.0 (3.0)
TJC (median (IQR)) 2.0 (5.0) 2.0 (4.0)
PGA (0–100) (median (IQR)) 30.0 (33.8) 30 (30)
EGA (0–100) (median (IQR)) 20.0 (30.0) 20.0 (20.0)
DAS28 (mean (SD)) 3.4 (1.5) 3.4 (2.5)
SDAI (median (IQR)) 10.3 (16.5) 9.3 (12.2)
CDAI (median (IQR)) 10 (14.5) 8.0 (11.6)
RF (median (IQR)) 85.8 (246.6) 83.2 (260.8)
Anti-CCP (median (IQR)) 116.0 (159) 117 (169.3)
HAQ score (median (IQR)) 4.0 (13.5) 3.0 (10.75)
Ma
Values are presented as mean (SD) or median (IQR), as applicable.
SD, standard deviation; IQR, interquartile ranges.
aIn 224 female patients.
bIn 120 female patients.
cIn 112 postmenopausal female patients.
dIn 60 postmenopausal female patients.
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To clarify the relationship between disease activity and the
loss of BMD, we divided the patients into two groups according
to their likelihood of achieving time-adjusted DAS28 remission
(Figure 4). Patients who achieved remission (n = 85) had less
yearly bone loss at the lumbar spine (p = 0.036).

The results of the multiple linear regression analyses are
summarized in Table 5. Among the 144 patients, BMD loss was
accelerated with increasing SDAI when gender, bisphosphonate
treatment, and vitamin D supplement were also included together
in the model. Female gender and bisphosphonate treatment were
identified as risk and protective factors in different models,
respectively. Similar results were obtained when SDAI was
replaced by any other composite disease activity scores
(Supplementary Table S2).
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4 DISCUSSION

To the best of our knowledge, this is the first study to reveal the
relationship between time-adjusted mean disease activity and BMD
changes in the context of T2T strategies in a prospective RA cohort.
We found thatpatientswith lowerdisease activitieshad less bone loss.

Several studies have suggested that chronic inflammation
promotes bone loss in RA patients (29–31). Moreover, the
increased bone resorption and impaired bone formation
caused by inflammation result in bone remodeling and
increased bone fragility (32). The relationship between RA
disease activity and the risk of bone loss has been
demonstrated (6, 33), but the risk and protective factors for
BMD loss as well as fracture were inconsistent in previous
TABLE 3 | Univariate logistic regression model on OP at different measured sites at baseline.

Lumbar spine Femoral neck

b p-value OR (95% CI) b p-value OR (95% CI)

Traditional risk factors
Age at baseline 0.075 <0.001 1.08 (1.05, 1.11) 0.070 <0.001 1.07 (1.03, 1.12)
Age of onset 0.050 <0.001 1.05 (1.03, 1.08) 0.035 0.024 1.04 (1.01, 1.07)
Women 0.187 0.645 1.21 (0.54, 2.67) −2.404 <0.001 0.09 (0.04, 0.22)
Postmenopausal 2.167 <0.001 8.73 (3.88, 19.67) 2.272 0.033 9.70 (1.21, 77.89)
BMI −0.158 <0.001 0.85 (0.78, 0.93) −0.147 0.020 0.86 (0.76, 0.98)
RA-related risk factors
HAQ 0.656 0.001 1.93 (1.30, 2.86) 0.030 0.022 1.03 (1.00, 1.06)
DAS28 0.240 0.005 1.27 (1.08, 1.50) −0.023 0.851 0.98 (0.77, 1.25)
SDAI 0.027 0.007 1.03 (1.01, 1.05) 0.004 0.805 0.97 (0.97, 1.03)
May 2022 | Volume 1
TABLE 2 | Comparisons between RA patients with OP and without OP at baseline.

Lumbar spine Femoral neck

OP (n = 62) Non-OP (n = 206) p-value OP (n = 25) Non-OP (n = 243) p-value

Women (n (%)) 53 (85.5) 171 (83) 0.701 10 (40) 214 (88.1) <0.001
Age at baseline (mean (SD), year) 58 (9.6) 47.6 (12.9) <0.001 59 (8.7) 49.1 (13) <0.001
Age of onset (mean (SD), year) 50.1 (12.8) 40.9 (13.7) <0.001 49.2 (13.1) 42.4 (14) 0.021
BMI (mean (SD), kg/m2) 21.3 (3.5) 23.4 (3.8) <0.001 21.2 (3.8) 23.1 (3.8) 0.019
Postmenopausea (n (%)) 45 (84.9) 67 (39.2) <0.001 9 (90) 103 (48.1) <0.001
Current or past smoking (n (%)) 8 (12.9) 30 (14.6) 0.838 13 (52) 25 (10.3) <0.001
History of fracture (n (%)) 9 (14.5) 23 (11.2) 0.504 6 (24) 26 (10.7) 0.103
Past glucocorticoids (n (%))
Family history of fracture (n (%)) 5 (8.1) 32 (15.5) 0.148 3 (12) 34 (14) 1.000
History of glucocorticoids (n (%)) 29 (46.8) 61 (29.6) 0.014 9 (36) 81 (33.3) 0.474
History of bisphosphonates (n (%)) 3 (4.8) 2 (1) 0.150 0 (0) 5 (2.1) 0.469
Disease duration (mean (SD), month) 95.7 (103.5) 81.5 (98.4) 0.324 119.6 (133.5) 81.2 (95.1) 0.173
ESR (median (IQR), mm/h) 25.5 (31.7) 18 (25) 0.002 30 (35) 20 (27) 0.281
CRP (median (IQR), mg/L) 9 (21.1) 5.4 (9.3) 0.016 8.2 (19.5) 5.8 (10.8) 0.205
TJC (median (IQR)) 3 (5.3) 2 (5) 0.037 2 (5) 2 (5) 0.638
SJC (median (IQR)) 1.5 (5) 1 (3) 0.026 0 (3) 1 (3) 0.402
PGA (0–100) (median (IQR)) 30 (40) 30 (40) 0.069 25 (30) 30 (35) 0.441
EGA (0–100) (median (IQR)) 30 (35) 20 (30) 0.025 20 (42.5) 20 (30) 0.972
HAQ score (median (IQR)) 0.4 (0.8) 0.1 (0.6) <0.001 7 (28) 3 (13) 0.103
DAS28 (mean (SD)) 4.2 (1.8) 3.5 (1.6) 0.004 3.6 (2) 3.7 (1.7) 0.852
CDAI (median (IQR)) 12 (16.5) 8.3 (13) 0.014 8 (15.5) 10 (14.5) 0.639
SDAI (median (IQR)) 14.6 (19.1) 9.2 (14.6) 0.008 8.6 (18.1) 10.3 (16.5) 0.802
RF (median (IQR), mg/L) 67.2 (224.7) 93.8 (260) 0.208 57 (166) 90.5 (249.5) 0.151
Anti-CCP (median (IQR), RU/ml) 141 (148) 98 (163) 0.171 69 (153) 119 (158) 0.254
3 | Article
Values are presented as mean (SD) or median (IQR), as applicable.
SD, standard deviation; IQR, interquartile ranges.
aThe total numbers were 53 for OP group and 171 for non-OP group at the lumbar spine; and the total numbers were 10 for OP group and 214 for non-OP group at the femoral neck.
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studies, mainly due to different patient selection and study
design. Traditional risk factors such as older age, lower BMI,
postmenopausal state, as well as disease-specific risk factors like
higher disease activity were found to be related to lower BMD
(12, 14, 34). By looking at various baseline clinical parameters, we
Frontiers in Endocrinology | www.frontiersin.org 6
found that older age, lower BMI, and higher disease activity score
were related to OP in our cohort of 268 RA patients.

During 1-year follow-up in our cohort, the mean decrease of
BMD was more significant in the lumbar spine than femoral neck
(1.75% vs. 1.40%), and the relationship between disease activity and
A

B

C

FIGURE 1 | Trends in disease activity scores during follow-up by DAS28 (A) CDAI (B) and SDAI (C).
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A B C

FIGURE 2 | Trends in the percentage of remission, low, moderate, and high disease activity over the first years by DAS28 (A) CDAI (B) and SDAI (C).
FIGURE 3 | Flowchart of the study.
TABLE 4 | Influence of a single factor on %DBMD at the lumbar spine during the first year of follow-up: by univariate regression analysis in 144 RA patients.

Variables Lumbar spine Femoral neck

b 95% CI p-value b 95% CI p-value

Women −4.114 −6.77, −1.46 0.003 −3.196 −5.37, −1.02 0.004
Postmenopausal −0.118 −2.35, 2.11 0.917 0.432 −1.43, 2.30 0.211
History of fracture 3.195 0.08, 6.32 0.045 0.425 −2.16, 3.01 0.746
Bisphosphonate 4.980 2.50, 7.46 <0.001 1.971 −0.11, 4.06 0.064
Vitamin D supplementary 2.568 0.56, 4.58 0.013 2.043 0.41, 3.68 0.015
AMDAS28 −1.12 −2.34, −0.23 0.028 −0.101 −1.02, 0.81 0.827
AMCDAI −0.343 −0.56, −0.13 0.002 −0.100 −0.28, 0.08 0.275
AMSDAI −0.328 −0.53, −0.13 0.001 −0.078 −0.25, 0.09 0.361
Frontiers in Endocrinology | www.fron
tiersin.org 7
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AMDAS28, adjusted-mean disease activity scores based on 28-joint count and erythrocyte sedimentation rate; AMCDAI, adjusted-mean clinical disease activity index; AMSDAI, adjusted-
mean simplified disease activity index.
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OP is shown in patients with low lumbar spine BMD but not low
femoral neck BMD, which is similar to previous reports (14, 35).
This can be explained by the different ratios of cortical to trabecular
bone within the vertebra and femoral neck. The femoral neck is
composed of a higher ratio of cortical bone, while the lumbar spine
consists of more trabecular bone (36). Moreover, inflammation
tends to increase bone turnover; therefore, the influence of RA
inflammation on the lumbar spine is presumably more significant
than on the femoral neck. The great values of T2T in many aspects
have been demonstrated (27, 37, 38). A gradual but steady decrease
in disease activity accompanied by increased target achievement has
also been found in our prospective real-world cohort in the context
of T2T strategy during follow-up. To better present the disease
status of patients over a period, we used time-adjusted mean disease
activity in our study. A linear correlation between time-adjusted
mean disease activity and the change of BMD in the lumbar spine
was found, indicating the key role of the T2T strategy in reducing
bone loss.

The protective effect of bisphosphonate on bone loss has been
significant during 1-year treatment in our cohort of RA patients.
Not surprisingly, previous studies also verified the benefit of
bisphosphonates on BMD (39, 40). While GC is widely
considered an important risk factor for bone metabolism,
nevertheless, the risk was not shown in several studies, especially
in those RA patients treated with a low daily dose or low cumulative
dose of GC (41–43). In the present study, we did not find a
relationship between the change of BMD with GC exposure or
GC cumulative dosage either. The anti-inflammatory effects of GC
Frontiers in Endocrinology | www.frontiersin.org 8
in favor of reducing disease activity may counterbalance its adverse
effects on bone loss. The key point in determining whether the net
effect of GC is detrimental or not to bonemass lies in the duration of
GC exposure. In our previous TARRA cohort study, GC was used
with a median time of 27 months in RA patients (44). It might be
more beneficial to use GC with a short course. For DMARDs, the
most important drugs for RA treatment, there is no study showing a
direct correlation with the change of BMD. Our research suggests
that DMARD therapy under the T2T strategies reduces bone loss
via eliminating inflammation in RA patients.

The most important strength of the present study is that we find
the relationship between disease activities and the decreases in BMD.
We also acknowledge some limitations. This was a single-center
study; thus, selection bias may be inevitable. Multicenter studies are
warranted to confirm our findings in the future. Besides, although 268
patients were enrolled, the follow-up time was not long enough.
Therefore, changes in BMD may not be obvious. Furthermore, we
found no new fracture occurred during follow-up, and since fractures
in our study were based on patient-reported symptoms and
subsequent confirmation by radiography, the incidence might be
underestimated. Finally, we did not collect the bone turnover markers
in the study. We mainly focused on the changes of BMD with the
control of RA disease activity, and it may be of great value to explore
the changes in the bone turnover markers.

In conclusion, the female gender is overall a risk factor for OP.
Persistent stable disease in the content of T2T strategies as well as
bisphosphonate therapy are protective factors for bone loss in
RA patients.
FIGURE 4 | The disparities in the decreases of BMD during the first year.
TABLE 5 | Influence of various factors on %DBMD at the lumbar spine during the first year of follow-up by multiple linear regression analysis in 144 RA patients.

Variables b 95% CI p-value

Female −3.060 −5.55, −0.57 0.016
Bisphosphonate supplement 4.700 2.34, 7.06 <0.001
Adjusted-mean simplified disease activity index −0.307 −0.49, −0.12 0.001
May 2022 | Volume 13 | Article
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