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Abstract

Objective: This study examined the relationship of the Sharp score with demographic factors

and clinical immune-inflammatory markers in patients with anemia in rheumatoid arthritis (RA).

Methods: The clinical data of 1057 patients with RA and anemia and 1006 patients with

RA without anemia were retrospectively analyzed. Spearman’s correlation coefficient analysis,

association rule analysis, and logistic regression were used to study the relationships between the

Sharp score and influencing factors in patients with RA and anemia.

Results: The incidence of anemia was 51.24% (1057/2063), and mild anemia accounted for

81.93% (866/1057) of cases. Spearman’s correlation coefficient and association rule analyses

revealed that the Sharp score of patients with RA and anemia was correlated with immune-

inflammatory response and anemia. Logistic regression analysis illustrated that advanced age

(>60 years), female, low serum iron levels, C-reactive protein positivity, and immunoglobulin

A positivity were risk factors for a high Sharp score (>28.25) in patients with RA and anemia.

Conclusion: The Sharp score is closely related to clinical disease activity and anemia, and it

should be considered in the treatment strategy of patients with RA and anemia.
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Introduction

Rheumatoid arthritis (RA) is an autoim-
mune disease that causes joint pain and
structural damage.1,2 RA is treated by
achieving clinical remission and reducing
inflammation and joint destruction.3,4 RA
usually involves multiple systems through-
out the body, and anemia is a common
extra-articular manifestation of RA, affect-
ing 30% to 70% of patients.5 However,
anemia has not received sufficient attention
from clinicians. Anemia is strongly related
to the disease activity of RA, and it can be
used to predict early joint injury of RA.6

Among the factors correlated with poor
prognosis in patients with RA, the degree
of bone erosion detected by joint imaging is
considered a pivotal reference index.7

Preventing joint destruction in the early
stages of the disease is one of the most
important goals of RA treatment. X-ray
examination of both hands is the most
frequently used imaging method to assess
bone destruction in RA. Clinically, RA
(stages I–IV) is graded according to the
presence of joint space stenosis and bone
erosion,8,9 but there are certain defects
because of the lack of a specific quantitative
evaluation. The modified Sharp/van der
Heijde score can quantify the degree of
joint space narrowing and bone erosion in
both hands with good intra-observer
reliability and sensitivity to changes,10,11

and it is used as a scoring method in clinical
practice for structural damage in RA.12,13

Several studies used the Sharp score to
assess disease progression and clinical
efficacy in patients with RA.14–15

Compared with the Larsen/Scott method,
the smallest detectable difference of the
Sharp/van der Heijde method more
accurately reflects the minimal clinically
important difference of early RA joint
damage.16 However, few studies have
reported the factors affecting the Sharp
score of patients with RA and anemia,

and these studies were limited by small
sample sizes.6

This research team has long been com-
mitted to the investigation of multisystem
lesions in RA.17–20 Through a retrospective
analysis of previously hospitalized patients
with RA and anemia, this study examined
the diagnostic value of the Sharp score
in patients with RA and anemia and its
influencing factors, thus providing a refer-
ence for the clinical evaluation of disease
progression and treatment efficacy.

Materials and methods

Patients and study design

Our study retrospectively analyzed the clin-
ical data of patients with RA hospitalized
at the First Affiliated Hospital of Anhui
University of Traditional Chinese
Medicine (Hefei, China) from January
2012 to December 2019. All subjects
met the 2010 American College
of Rheumatology/European Alliance of
Associations for Rheumatology diagnostic
criteria for RA.21 All patients with RA and
anemia met the diagnostic criteria for
anemia defined by the World Health
Organization. The exclusion criteria of this
study were as follows: 1) Sj€ogren’s
syndrome, adult-onset Still’s disease, anky-
losing spondylitis, and other autoimmune
diseases; 2) anemia secondary to tumors,
infections, or other diseases; and 3) incom-
plete or non-standard imaging data. This
research application was reviewed by the
Ethics Institution Committee of the First
Affiliated Hospital of Anhui University
of Traditional Chinese Medicine (2019AH-
12), and its protocol complies with the eth-
ical guidelines of the 1975 Declaration of
Helsinki. The ethics committee waived
the requirement for informed consent
because this was a retrospective study,
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only the clinical data of the patients were
collected, the patient’s treatment plan
was not altered, and the design of the
study plan and the data collection process
fully protected personal privacy.

Study population and data collection

The data and information of all patients
were obtained from the Hospital
Information System, which consisted of
demographic, peripheral blood laboratory
examination, and imaging examination
data. Demographic data comprised age,
gender, and length of hospital stay. To
protect patient privacy, the data extraction
and collection process de-identified all
patient details. The reporting of this study
conforms to the EQUATOR and STROBE
guidelines.22,23

Laboratory indicators of patients

The examined laboratory examination indi-
cators of enrolled patients were as follows:
red blood cell (RBC) count, hemoglobin
(Hb), serum calcium (Ca), serum iron
(Fe), erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), a1-acid
glycoprotein (a1-AGP), rheumatoid factor
(RF), anti-cyclic citrullinated peptide
(anti-CCP) antibody, immunoglobulin
A (IgA), immunoglobulin G (IgG), and
immunoglobulin M (IgM). The aforemen-
tioned indicators were all measured in the
inspection center of the hospital.

X-ray examination of both hands

The Sharp score was calculated by two radi-
ologists blinded to our research. Bone
erosion scores were measured in 16 areas of
both hands, and joint space narrowing scores
were determined for 15 areas. The joint bone
erosion score ranged from 0 to 5 points, and
the joint space stenosis score ranged from 0
to 4 points. The total bone erosion score of
each area was 160 points, and the total joint

space stenosis score of each area ranged from

0 to 120 points. The total Sharp scores were

the sum of these two scores, ranging from 0

to 280 points.

Association rule analysis

Indicators, including ESR, CRP, RF, anti-

CCP, IgA, IgG, IgM, complement compo-

nent 3 (C3), C4, and a1-AGP, with

increased levels were set as “T,” whereas

indicators with normal or reduced levels

were set as “F.” Indicators, including the

RBC count, serum Fe, and serum Ca, with

decreased levels were designated “T,”

whereas indicators with normal or

elevated levels were set as “F.” A length of

hospital stay exceeding the median value

(>16.95 days) was set as “T.” Sharp score

>28.25 was set as “T,” whereas Sharp score

�28.25 was designated “F.” IBM SPSS

modeler 18.0 software (IBM, Armonk,

NY, USA) was used to analyze the correla-

tion among observation indicators. The for-

mula of association rules was employed by

referring to the published literature of Fang

et al.24

Binary logistic regression analysis

Indicators, including ESR, CRP, RF, anti-

CCP, IgA, IgG, IgM, C3, C4, and a1-AGP,

with increased levels were set as “1,” whereas

indicators with normal or diminished levels

were set as “0.” Indicators, including the

RBC count, serum Fe, and serum Ca, with

lower levels were set as “1,” and indicators

with normal or increased levels were set as

“0.” Length of hospital stay> 16.95 days

(median duration) was set as “1.” Sharp

score> 28.25 was set as “1,” and Sharp

score � 28.25 was set as “0.” In the current

research, the Sharp score was adopted as

the dependent variable, and other factors

were used as independent variables. First,

univariate analysis was performed to obtain

the results of the preliminary study. Based on
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positive univariate results, multivariate anal-

ysis was performed to investigate risk factors

for high Sharp scores.

Statistical analysis

Enumerated data were expressed as the

number of cases or percentages, and the

chi-squared test was applied for comparisons

between the two groups. Continuous varia-

bles were represented as the median and

interquartile range (IQR), and the rank-sum

test was used to compare data between the

two groups. The Spearman correlation coef-

ficient method and association rules were

adopted to assess the correlations of the

Sharp score with various factors. The factors

influencing the Sharp score were analyzed

using a binary logistic regression model.

SPSS software (version 24.0, IBM,

Armonk, NY, USA) and GraphPad software

(version 8.0, GraphPad Software Inc., San

Diego, CA, USA) were applied for data sta-

tistics and mapping. P< 0.05 was considered

statistically significant.

Results

Characteristics of all patients

The study sample consisted of 1057
patients with RA and anemia and 1006
patients with RA without anemia, giving

an incidence of anemia of 51.24%. Among
the patients with anemia, 883 (83.84%)
were women and 174 (16.46%) were men,

and their median age was 56 years
(IQR¼ 49–66). The median hospital stay
was 16.95 days (IQR¼ 11.97–22.73), and

the median Sharp score was 34.00
(IQR¼ 13.00–82.00). Among the patients
without anemia, 832 (82.70%)

were women and 174 (17.30%) were
men, and their median age was 55 years

(IQR¼ 48–65). The median hospital
stay was 15.14 days (IQR¼ 10.89–20.00),
and the median Sharp score was

13.00 (IQR¼ 5.38–27.50). Compared
with patients with RA without anemia,
patients with RA and anemia had longer

hospital stays (P< 0.01) and higher Sharp
scores (P< 0.01; Table 1).

Table 1. Baseline characteristics of the participants.

Characteristic RA with anemia (N¼ 1057) RA without anemia (N¼ 1006) P

Age, years, median (IQR) 56 (49, 66) 55 (48, 65) 0.09

Male, n (%) 174 (16.46%) 174 (17.30%) 0.61

Female, n (%) 883 (83.84%) 832 (82.70%)

Length of hospital stay,

days, median (IQR)

16.95 (11.97–22.73) 15.14 (10.89–20.00) <0.01

Sharp score, median (IQR) 34.00 (13.00–82.00) 13.00 (5.38–27.50) <0.01

Length of hospital stay (days)

>2 to �15 days, n (%) 388 (36.71) 462 (45.92) <0.01

�15 to �30 days, n (%) 582 (55.06) 489 (48.61)

>30 days, n (%) 87 (8.23) 55 (5.47)

Sharp score

0, n (%) 11 (1.04) 38 (3.78) <0.01

>0 to �50, n (%) 628 (59.41) 853 (84.79)

>50 to �100, n (%) 208 (19.68) 105 (10.44)

>100 to �150, n (%) 124 (11.73) 6 (0.60)

>150, n (%) 86 (8.14) 4(0.40)

IQR, interquartile range.
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Comparison of clinical indicators among

subjects

The indicators were mainly classified as

anemia-related hematological indicators

(RBC and Hb), inflammatory indicators

(ESR, CRP, and a1-AGP), and immune

indicators (RF, anti-CCP, IgA, IgG, and

IgM), in addition to serum Fe and Ca.

Compared with patients with RA without

anemia, the RBC count and Hb, serum

Fe, and serum Ca levels were lower in

patients with anemia (all P< 0.01),

whereas the ESR and CRP, a1-AGP,

RF, IgA, IgG, and IgM levels were

higher (all P< 0.05). Conversely, there

was no significant difference in anti-

CCP levels between these two groups

(Table 2).

The diagnostic value of the Sharp score in

patients with RA and anemia

Compared with patients with RA without

anemia, patients with RA and anemia had

a higher Sharp score (Figure 1a). Receiver

operating characteristic (ROC) curve

analysis was performed to further deter-

mine the ability of the Sharp score to dis-

tinguish patients without and with anemia.

The area under the ROC curve was 0.7081

(95% confidence interval [CI]¼ 0.6861–

0.7302), and the best cut-off was 28.25.

The optimal cut-off for the Sharp score

for differentiating RA without and with

anemia based on Youden’s index had a sen-

sitivity of 55.72% and specificity of

75.94%, indicating that the Sharp score

had good auxiliary diagnostic value

(Figure 1b).

Summary of indicators in 1057 patients

with RA and anemia

Further analysis of laboratory indicators of

patients with RA and anemia revealed that

866 patients (81.93%) had mild anemia, 175

patients (16.56%) had moderate anemia,
and 16 patients (1.51%) had severe
anemia. In addition, 445 (42.10%) patients
had an advanced age (>60 years), 528
(49.95%) patients had prolonged hospital
stays (>16.95 days), 324 (30.65%) patients
had low RBC counts, 678 (64.14%) patients
had low Fe levels, and 244 (23.08%)
patients had low Ca levels. The results for
immune-inflammatory indicators were as
follows: 1026 (97.07%) patients were
ESRþ, 876 (82.88%) patients were CRPþ,
669 (63.29%) patients were a1-AGPþ, 917
(86.75%) patients were RFþ, 1002
(94.80%) patients were anti-CCPþ, 158
(14.95%) patients were IgAþ, 347
(32.83%) patients were IgGþ, and 63
(5.96%) patients were IgMþ (Table 3).

Spearman’s correlation coefficient
analysis between the Sharp score and
laboratory indicators

Spearman’s correlation coefficient analysis
was conducted to dissect whether the Sharp
score was associated with clinical indica-
tors. The results documented that the
Sharp score was positively correlated with
length of hospital stay; age; ESR; and CRP,
RF, a1-AGP, IgA, IgG, and IgM levels but
negatively correlated with Hb and Fe levels
(all P< 0.05; Figure 2).

Association rule analysis between the
Sharp score and laboratory indicators

The antecedent of the association rule was a
potential influencing factor, and the conse-
quent item was a high Sharp score (>28.25).
Through association rule analysis, 10 associ-
ation results were obtained. Association rule
analysis revealed that the Sharp score
(>28.25) was strongly associated with
female, advanced age, long hospital stay,
low RBC counts, low Fe and Ca levels,
CRPþ, a1-AGPþ, RFþ, and IgGþ. The
support degree of the aforementioned results
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was greater than 20%, and their confidence

degree was greater than 50% (Table 4).

Binary logistic regression analysis of high

Sharp scores and variables

To further determine the risk factors of the

Sharp score, binary logistic regression anal-

ysis of single and multiple factors was con-

ducted. Univariate analysis indicated that

older age, female, long hospital stay, low
Fe levels, CRPþ, a1-AGPþ, IgAþ, and
IgGþ were associated with increased risk
of a high Sharp score (all P< 0.05). Based
on these results, multivariate analysis was
performed, and the results identified
advanced age (odds ratio [OR]¼ 1.307;
95% CI¼ 1.001–1.708; P¼ 0.049), female
(OR¼ 1.598; 95% CI¼ 1.126–2.269; P¼
0.009), low Fe levels (OR¼ 1.331; 95%

Table 2. Clinical laboratory parameters in patients with RA.

Index

RA with anemia

(N¼ 1057) RA without anemia P

Normal range

of the index

RBC (1012/L, IQR) M: 3.71 (3.49–3.97)

(n¼ 174)

M: 4.67 (3.49–4.96)

(n¼ 174)

<0.01 M: 4.3–5.8

F: 3.73 (3.45–3.98)

(n¼ 883)

F: 4.18 (3.99–4.41)

(n¼ 832)

<0.01 F: 3.8–5.1

Hb (g/L, IQR) M: 103 (94–111)

(n¼ 174)

M: 139 (134–146)

(n¼ 174)

<0.01 M: 130–175

F: 104 (94–111)

(n¼ 883)

F: 122 (118–128)

(n¼ 832)

<0.01 F: 115–150

Fe (mmol/L, IQR) 7.21 (4.83–10.62) 12.23 (9.16–16.26)

(n¼ 636)

<0.01 8.9–32.3

Ca (mmol/L, IQR) 2.19 (2.12–2.27) 2.28 (2.20–2.37)

(n¼ 980)

<0.01 2.11–2.52

ESR (mm/hour, IQR) M: 49 (26–70)

(n¼ 174)

M: 24 (11–38)

(n¼ 168)

<0.01 M: 2–6

F: 54 (34–77)

(n¼ 883)

F: 29 (17–45)

(n¼ 820)

<0.01 F: 2–12

CRP (mg/L, IQR) 27.45 (9.38–58.99) 7.60 (2.27–22.04)

(n¼ 1004)

<0.01 <5

a1-AGP (mg/mL, IQR) 137 (103–172) 104 (81–130)

(n¼ 981)

<0.01 50–120

RF (U/mL, IQR) 109.20 (34.70–272.95) 101.40 (33.20–208.50)

(n¼ 1005)

0.04 �14

anti-CCP (U/mL, IQR) 203.73 (41.58–482.00) 176.00 (38.42–482.00)

(n¼ 976)

0.65 <4

IgA (g/L, IQR) 2.61 (1.97–3.44) 2.36 (1.83–3.04)

(n¼ 998)

<0.01 0.7–4

IgG (g/L, IQR) 13.85 (11.03–17.11) 12.96 (10.72–15.20)

(n¼ 832)

<0.01 7–16

IgM (g/L, IQR) 1.29 (2.12–2.27) 1.22 (0.90–1.62)

(n¼ 832)

0.02 0.4–2.5

IQR, interquartile range; M, male; F, female; RBC, red blood cell; Hb, hemoglobin; Fe, serum iron; Ca, serum calcium; ESR,

erythrocyte sedimentation rate; CRP, C-reactive protein; a1-AGP, a1-acid glycoprotein; RF, rheumatoid factor; anti-CCP,

anti-cyclic citrullinated peptide antibody; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M.
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CI¼ 1.010–1.754; P¼ 0.042), CRPþ
(OR¼ 2.269; 95% CI¼ 1.530–3.364;
P¼ 0.001), and IgAþ (OR¼ 1.967; 95%
CI¼ 1.333–2.901; P¼ 0.001) were risk
factors for high Sharp scores (Table 5).

Discussion

RA is characterized by progressive joint
destruction, and imaging is of great signifi-
cance for the diagnosis and evaluation
of RA.25 This research was a large

Table 3. Summary of laboratory indicators of all patients with RA and anemia.

Indicator Subjects (n) %

Advanced age (>60 years) 445 42.10

Long hospital stay (>16.95 days) 528 49.95

Low RBC (M: <4.3� 1012/L, F: <3.8� 1012/L) 324 30.65

Mild anemia (Hb: �90 g/L) 866 81.93

Moderate anemia (Hb: o60 g/L to <90 g/L) 175 16.56

Severe anemia (Hb: �30 g/L to <60 g/L) 16 1.51

Extremely severe anemia (Hb: <30 g/L) 0 0

Low Fe (<8.9 mmol/L) 678 64.14

Low Ca (<2.11 mmol/L) 244 23.08

ESRþ (M: >6 mm/hour; F: >12 mm/hour) 1026 97.07

CRPþ (>5 mmol/L) 876 82.88

a1-AGPþ (>120 mg/mL) 669 63.29

RFþ (>14 U/mL) 917 86.75

anti-CCPþ (>4 U/mL) 1002 94.80

IgAþ (>4 g/L) 158 14.95

IgGþ (>16 g/L) 347 32.83

IgMþ (>2.5 g/L) 63 5.96

RBC, red blood cell; Hb, hemoglobin; Fe, serum iron; Ca, serum calcium; ESR, erythrocyte sedimentation rate; CRP,

C-reactive protein; a1-AGP, a1-acid glycoprotein; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide anti-

body; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M.

Figure 1. Identification of the diagnostic value of the Sharp score for patients with RA and anemia. (a) The
Sharp scores of the study subjects. **P< 0.01. (b) Receiver operating characteristic curve analysis to evaluate
the diagnostic value of Sharp scores.
RA, rheumatoid arthritis; AUC, area under the receiver operating characteristic curve; CI, confidence
interval.
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sample-based retrospective controlled anal-
ysis that explored the factors influencing
the Sharp score for X-ray examination of
both hands in patients with RA and
anemia. The relevant indicators of anemia,

clinical immune-inflammatory markers,
and demographic factors were acquired as
potential determinants of Sharp scores.
This study unraveled that patients with
RA and anemia had a higher Sharp score

Figure 2. Spearman’s correlation coefficient analysis of the Sharp score and laboratory indicators.
Correlation analyses were conducted between the Sharp score and (a) length of hospital stay, (b) age, (c) Hb,
(d) Fe, (e) ESR, (f) CRP, (g) RF, (h) a1-AGP, (i) IgA, (j) IgG, and (k) IgM.
Hb, hemoglobin; Fe, serum iron; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; RF, rheu-
matoid factor; a1-AGP, a1-acid glycoprotein; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immu-
noglobulin M.
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Table 4. Association rule analysis of the Sharp score with laboratory indicators.

Number Antecedent Consequent Support (%) Confidence (%) v2 P

1 Female Sharp" 83.54 57.08 193.36 <0.01

2 Advanced age Sharp" 42.10 59.78 33.98 <0.01

3 Long hospital stay Sharp" 49.95 58.90 7.06 0.01

4 Low RBC Sharp" 30.65 54.63 135.39 <0.01

5 Low Fe Sharp" 64.14 60.18 15.6 <0.01

6 Low Ca Sharp" 23.08 61.07 235.8 <0.01

7 CRPþ Sharp" 82.88 60.16 183.14 <0.01

8 a1-AGPþ Sharp" 63.29 61.58 12.56 <0.01

9 RFþ Sharp" 86.75 56.60 248.38 <0.01

10 IgGþ Sharp" 32.83 60.23 112.28 <0.01

Sharp", Sharp score greater than 28.25; Advanced age, age greater than 60 years; Long hospital stay, the length of hospital

stay was more than 16.95 days; Low RBC, the RBC count was lower than 4.3� 1012/L for male patients and lower than

3.8� 1012/L for female patients; Low Fe, the Fe level was lower than 8.9 mmol/L; Low Ca, the Ca level was lower than 2.11

mmol/L; CRPþ, the CRP level was 5 mmol/L or more; a1-AGPþ, the a1-AGP level was more than 120 mg/mL; RFþ, the RF
level was more than 14 U/mL; IgGþ, the IgG level was more than 16 g/L.

RBC, red blood cell; Fe, serum iron; Ca, serum calcium; CRP, C-reactive protein; a1-AGP, a1-acid glycoprotein; RF,

rheumatoid factor; IgG, immunoglobulin G.

Table 5. Binary logistic regression analysis of the Sharp score and influencing factors.

Variables

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Advanced age 1.330 (1.038–1.702) 0.024 1.307 (1.001–1.708) 0.049

Female 1.392 (1.005–1.929) 0.046 1.598 (1.126–2.269) 0.009

Long hospital stay 1.294 (1.105–1.650) 0.038 1.213 (0.941–1.562) 0.136

Low RBC 0.938 (0.721–1.220) 0.643 – –

Low Fe 1.653 (1.283–2.130) <0.001 1.331 (1.010–1.754) 0.042

Low Ca 1.330 (0.993–1.780) 0.056 – –

ESRþ 1.355 (0.663–2.769) 0.406 – –

CRPþ 2.289 (2.072–4.054) <0.001 2.269 (1.530–3.364) <0.001

a1-AGPþ 1.911 (1.483–2.462) <0.001 1.240 (0.911–1.687) 0.171

RFþ 1.304 (0.913–1.862) 0.144 – –

anti-CCPþ 0.767 (0.439–1.340) 0.351 – –

IgAþ 2.154 (1.492–3.110) <0.001 1.967 (1.333–2.901) 0.001

IgGþ 1.315 (1.103–1.707) 0.039 1.044 (0.789–1.382) 0.762

IgMþ 1.634 (0.954–2.800) 0.074 – –

Advanced age, age greater than 60 years; Long hospital stay, the length of hospital stay was more than 16.95 days; Low

RBC, the RBC count was lower than 4.3� 1012/L for male patients and lower than 3.8� 1012/L for female patients; Low

Fe, the Fe level was lower than 8.9 mmol/L; Low Ca, the Ca level was lower than 2.11 mmol/L; ESRþ, the ESR was higher

than 6 mm/hour in male patients and higher than 12 mm/hour in female patients; CRPþ, the CRP level was 5 mmol/L or

more; a1-AGPþ, the a1-AGP level was more than 120 mg/mL; RFþ, the RF level was more than 14 U/mL; anti-CCPþ, the
anti-CCP level was equal to or greater than 4 U/mL; IgAþ, the IgA level was more than 4 g/L; IgGþ, the IgG level was

more than 16 g/L; IgMþ, the IgM level was more than 2.5 g/L.

RBC, red blood cell; Fe, serum iron; Ca, serum calcium; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; a1-
AGP, a1-acid glycoprotein; RF, rheumatoid factor; anti-CCP, anti-cyclic citrullinated peptide antibody; IgA, immunoglobulin

A; IgG, immunoglobulin G; IgM, immunoglobulin M.
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than their counterparts without anemia.
In addition, age, length of hospital stay,
ESR, CRP, RF, a1-AGP, IgA, IgG, and
IgM were positively correlated with Sharp
scores in RA patients with anemia, whereas
Hb and Fe levels were inversely correlated.
Meanwhile, advanced age, female, low
Fe levels, CRPþ, and IgAþ were risk fac-
tors for a high Sharp score (>28.25) in
patients with RA and anemia.

RA-induced anemia is mostly inflamma-
tory anemia, which can be triggered by the
increased release of inflammatory cyto-
kines.26 Singh et al.27 observed that
decreased Hb levels were highly correlated
with the disease activity of RA. Wilson
et al.28 found in a retrospective analysis
of 19 studies of anemia associated with
RA that the prevalence of mild anemia
ranged from 33% to 60% and that patients
with RA and anemia were more likely to
experience more severe joint diseases.
Cross-sectional and case-control research
conducted by Chen et al.29 elaborated
that the incidence of anemia was 53.03%
(472/890), and the rate of mild anemia
was 71.19% (336/472). Moreover, they
noted that in contrast to patients with RA
without anemia, patients with RA and
anemia had elevated disease activity and
structural damage and worse joint function.
In our research, the incidence of anemia in
patients with RA was 51.24% (1057/2063),
which was similar to that in prior studies.
In addition, the proportion of patients with
mild anemia was 81.93% (866/1057) in all
patients with anemia, a slightly higher rate
than those in prior studies, which may be
related to the disease activities of the
patients.

X-ray is a crucial evaluation method
for the imaging examination of RA, and
it is convenient, rapid, and inexpensive.30

X-ray can quickly and integrally reveal
joint lesions, such as joint space narrowing,
bone erosion, joint subluxation or joint
stiffness, deformity, and other lesions.31,32

This research unveiled that hospital stay
was lengthened and Sharp scores; ESR;
and CRP, a1-AGP, RF, IgA, IgG, and
IgM levels were enhanced in patients with
RA and anemia in comparison to the
findings in patients with RA without
anemia, whereas the RBC count and Hb,
Fe, and Ca levels were diminished.
Moreover, the results of ROC curve analy-
sis manifested that the Sharp score had
good value in the identification of anemia.
Vegh et al.33 conducted multicenter
retrospective research that defined rapid
radiation progression (RRP) as an increase
of the Sharp score greater than or equal to 5
within 1 year and demonstrated that 18%
of patients with RA had a high risk of RRP.
In prospective cohort research, Pereira
et al.34 noted that leflunomide or the anti-
TNFa antibody adalimumab repressed
anemia in patients with RA and found
a close association between anemia and
enhanced ESR. Recent work indicated
that serum Fe and ferritin levels are strong-
ly correlated with osteoporosis in patients
with RA.35

In our study, the Sharp score was posi-
tively correlated with the length of hospital
stay; age; ESR; and CRP, RF, a1-AGP,
IgA, IgG, and IgM levels but negatively
correlated with Hb and Fe levels. In
addition, association rule analysis also
indicated that the augmentation of Sharp
scores was strongly correlated with female,
older age, prolonged hospital stay, CRPþ,
a1-AGPþ, RFþ, IgGþ, low Ca and
Fe levels, and low RBC counts.
Additionally, Chen et al.29 observed inverse
associations of serum Hb levels with
a visual analog score, ESR, CRP, RF,
the 28-joint disease activity score
(DAS28), X-ray staging, and the Sharp
score. M€oller et al.6 revealed that a low
Hb level was an independent influencing
factor of DAS28 for the progression
of radiological joint injury in patients with
early RA who received methotrexate.
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Our results suggested that advanced age,
female, low Fe levels, CRPþ, and IgAþ
were risk factors for high Sharp scores in
patients with RA and anemia. Our team’s
previous studies identified gender, age,
DAS28, RF, and the hand imaging grade
as the influencing factors of the Sharp
score in patients with RA.36 However,
the current study focused on patients with
RA and anemia and newly identified low
Fe levels as a potential risk factor.
Anemia caused by RA is inflammatory
anemia, which can lead to disturbances
of Fe metabolism and inhibition of RBC
production.37

This research had several limitations.
First, the proportion of female patients
exceeded 80% in our study, indicating
that the results may be biased and that
our conclusions may not be completely
applicable to male patients. Second, the
patients were all recruited from a single
hospital, and thus, larger multicenter stud-
ies are needed. Third, there were no analy-
ses of the drugs used to treat patients in our
research. Despite these limitations, the
current research also had several advan-
tages. First, we focused on secondary
anemia, which is an extra-articular lesion
in patients with RA. A retrospective analy-
sis was conducted in the present research
to explore the factors influencing Sharp
scores in 1057 patients with RA and
anemia, which has rarely been studied in
China. Second, Spearman’s correlation
analysis, association rule analysis, and
logistic regression analysis were utilized to
assess the correlations of different variables
with Sharp scores, thus revealing that
joint structure damage may be related to
immune-inflammatory response and low
Fe levels. In addition, this study could
provide a valuable reference for evaluating
the clinical significance of RA imaging
examination, inflammation, and anemia.

In conclusion, the Sharp score was sig-
nificantly higher in patients with RA and

anemia, and a high Sharp score was closely

related to clinical disease activity and

anemia. In addition, advanced age, female,

low Fe levels, CRPþ, and IgAþ may be

potential risk factors for high Sharp scores

in patients with RA and anemia. Therefore,

the Sharp score may be considered a poten-

tial factor in the treatment strategy of

RA with anemia or used in monitoring dis-

ease progression.
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