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Abstract
Objective Serum amyloid A4 (SAA4) is an apolipoprotein that is associated with high-density lipoprotein (HDL) in plasma. In
this present investigation, we appraised the potential of SAA4 as a novel diagnostic biomarker for rheumatoid arthritis (RA)
combined with other established RA biomarkers, including anticitrullinated protein antibody (anti-CCP), rheumatoid factor (RF)
and C-reactive protein (CRP). Based on the correlative measures of the biomarkers, we developed a diagnostic model of RA by
integrating serum levels of SAA4 with these clinical parameters.

Methods A number of 316 patients were recruited in the current research. The serum levels of SAA4 were assessed by
quantitative ELISA. The speci�city and sensitivity of biomarkers were evaluated by using a receiver-operator curve (ROC)
analysis to determine their diagnostic e�ciency. Univariate and multivariate logistic regression analyses were used to screen
and construct the diagnostic models for RA , consisting of diagnostic biomarkers and clinical data. A diagnostic nomogram
was then generated based on logistic regression analysis results.

Results The serum levels of SAA4 were considerably greatest in RA patients in comparison to other control subjects (P<0.001).
Compared with anti-CCP, RF and CRP respectively, SAA4 had the highest speci�city (88.60%) for diagnosing RA. The
combination of SAA4 with anti-CCP could have the highest diagnostic accuracy when paired together, with highest sensitivity
(91.14%) in parallel and highest speci�city(98.10) in series. We successfully developed two diagnostic models: the combined
model of SAA4 and anti-CCP (model A), and the combined model of SAA4, CRP, anti-CCP, RF and history of diabetes (model B).
Both models showed a great area under the curve of ROC for either the training cohort or the validation cohort. The data
indicated that the novel RA diagnostic models possessed an advantageous discrimination capacity and application potential.

Conclusion Serum SAA4 has utility as a biomarker for RA’s diagnosis and can enhance the detection of RA when combined
with anti-CCP. 

Introduction
RA is a chronic progressive disorder that mainly in�uences the joints. It is characterized by multiple clinical manifestations
including in�ammation, painful joints, persistent synovitis, degradation of the bone and cartilage and stiffness following
prolonged periods of inactivity[1, 2]. RA affects around 1% of the people worldwide and is more pervasive in women than men at
a ratio of around 3:1[3-5]. The treatment of RA remains challenging in the clinic as it generally requires lifelong treatment after
the disease has fully developed. Patient management strategies using antirheumatic therapy are more effective when
prescribed at the early stages of the disease, offering a therapeutic window of opportunity[6]. To fully exploit the bene�ts of a
therapeutic window, the early diagnosis of RA is critical.

Currently, RA diagnostic methods is on the basis of the criteria published in 2010 by the European League Against Rheumatism
(EULAR) and the American College of Rheumatology (ACR),[7] which include the following diagnostic items: symptoms
duration, serological and acute-phase response biomarkers abnormal levels such as rheumatoid factor (RF) and anti-
citrullinated peptide antibodies (anti-CCP) and site of the affected joints. Unfortunately, the diagnosis of RA is often not
straightforward at the early phases of disease development, when some patients’ clinical symptoms are not obvious enough to
be identi�ed. Abnormal biomarkers abnormal levels have become an important indicator for the early diagnosis of RA, and the
criteria published guiding rules for the utilization of serum biomarkers, which included RF and anti-CCP[8, 9], no doubt also
highlighting the biomarkers’ utility in RA. However, the accuracy of current biomarkers are sub-optimal for early and accurate
diagnosis of RA, highlighting the need for novel biomarkers with improved sensitivity and accuracy[10]. There is a critical unmet
need for the development of improved biomarkers that can improve the early identi�cation of RA and better inform clinical
decision-making.

SAA4 is a part of the serum amyloid A (SAA) family that of acute phase proteins that are typically increased in response to a
 variety of in�ammatory conditions [11]. Using proteomics analysis, Seok[12] et al found that SAA4 levels were substantially
raised in the serum of RA patients, as did Mun and colleagues[13],  who also showed that SAA4 has a high potential as a
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diagnostic biomarker for RA. Despite the evidence presented in these studies, additional investigations are essential to
demonstrate the clinical value and practicality of using SAA4 as a biomarker for RA.

In this research, our main aim is to assess SAA4 as a diagnostic biomarker for RA. Additionally, this investigation will also aim
to demonstrate the increased value of serum SAA4 in improving RA diagnosis when combined with established clinical
parameters and serum biomarkers in RA. Our study provides important further understanding to support the clinical use of
SAA4 in RA patients and proposes a novel model for RA diagnosis.

Material And Methods

Patient selection
The clinical data were collected and analyzed from outpatient or inpatient cases at the First A�liated Hospital of China
Medical University and Dalian Municipal Central Hospital A�liated of Dalian Medical University from April 2017 to September
2019. Before recruitment, the sample size for the study was calculated using previous pre-test data according to the following
diagnostic test equation[14] ;

distribution, which is inserted by was 1.96, and d2 represents the allowable error which was 0.1. Π as determined by the value
of sensitivity (or speci�city) from the previous pre-test data which gave a value of 0.75 (the sensitivity and speci�city were 75%
and 60% in the pre-test). The required sample size was calculated to be at least 92 patients. We recruited RA patients into the
RA group, patients with non-RA autoimmune disease into the non-RA disease control group, and healthy cases into the healthy
control group.

For the recruitment of RA patients in the research, the following inclusion criteria were established; (1) Patients who met the
diagnostic parameters for the RA proposed by the ACR (1987/2010); 2) RA patients diagnosed for the �rst time; (3) Patients
over 18 years old. Two control groups were selected, one was the non-RA control group, the other was the healthy control
group. The non-RA control group consisted of patients with dignosis that may easily confused with RA, such as systemic lupus
erythematosus (SLE), primary Sjogren syndrome(pSS) and ankylosing spondylitis (AS). For the recruitment of non-RA disease
patients in the research, the following inclusion criteria were established; (1) Patients who met the diagnostic parameters
proposed by the ACR and the EULAR[15-17] for SLE, pSS and AS respectively; (2) Patients who had the �rst diagnosis of non-RA
diseases; (3) Patients over 18 years old. Healthy controls were recruited based on the professional assessment of clinicians.
Patients were excluded if they lacked routine laboratory assessment data, including antibodies or diagnostic biomarkers
associated with RA. Based on the estimation of sample size and the particular inclusion and exclusion criteria, a number of
316 patients were recruited in the investigation at last. This study was approved by the medical research ethics committee of
the �rst a�liated hospital of China medical university (AF-SOP-07-1.0-01).

Clinical information
For each patient, data were collected on their demographic baseline characteristics and laboratory results diagnostic
indicators. The demographic baseline characteristics included gender, age, smoking and drinking habits, and any history of
hypertension and diabetes. The laboratory data recorded the level of biomarkers in the sera of patients obtained as part of
routine diagnostic evaluation, including CRP, anti-CCP, and RF antibodies. All laboratory data were measured at the �rst time of
presentation. Patients were strati�ed based on their smoking habits de�ned as either long-term regular smoker (≥1 one
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cigarette per day) or infrequent smokers, de�ned as those who have never smoked or had given up smoking for >1 year.
Patients were also strati�ed based on their alcohol drinking habits, with long-term drinker de�ned as those who consume  ≥1
measure of liquor or bottle of beer per day for one year, and infrequent drinkers de�ned as those who had never consumed
alcohol or had given up drinking for more than one year. 

Measurement of biomarkers
A 5 ml sample of fasting venous was collected from each participants. Blood specimens were permitted to clot at 37°C before
being  centrifuged at 3000 rpm for 10 minutes. The sera were separated and immediately frozen at –80°C immediately until
further examination. The serum concentrations of SAA4 were determined through ELISA  using assay reagents supplied by
Qiantu (Shanghai, China). The levels of the serum biomarkers (RF, anti-CCP and CRP) were determined using ELISA kits
obtained from the same supplier (Qiantu). All assays were performed according to the instructions of the manufacturer.
Different threshold levels of the serum biomarkers were used to de�ne  positive tests. Speci�cally, ≥ 20 IU/mL for RF, ≥ 17
IU/mL for anti-CCP and ≥8mg/L for CRP.

Statistical analysis
The continuous categorical variables were expressed as mean ± standard deviation when they �t the normal distribution. If the
data has an asymmetrical distribution, the continuous categorical variables were expressed as medians (interquartile range),
and the categorical variables were expressed as number and proportion as appropriate. For inter-group comparisons of clinical
characteristics, Wilcoxon’s rank-sum test and chi-squared test were applied for continuous variables and count data,
respectively. The diagnostic power for biomarkers in recognition RA was estimated using receiver operating characteristics
(ROC) curve and area under the curve (AUC). 

Diagnostic models were generated by dividing the study group into training cohort and validation cohort �rstly. The training
cohort was comprised of 70% of the total study cohort (224 patients) and was used to construct the diagnostic models of RA.
The validation cohort was comprised of the remaining 30% of the total study cohort (92 patients) and was used to validate the
diagnostic model.

The diagnostic models were constructed through �rst doing   univariate logistic regression analysis on the training cohort data
in order to identify the relationships between clinical biomarkers and criteria as an independent variable and RA as a
dependent variable. To minimize the potential in�uence of confounding factors, the relationships between determined
dependent and independent variables may be undetectable in univariate analysis. The variables with P-values <0.100 were
included into the analysis of multivariate logistic regression.

We developed the individualized nomogram diagnosis prediction model of RA based on the results of regression analysis.
Besides, we evaluated the diagnosis models in terms of discrimination, which is most often assessed by calculating AUC of
the ROC curve[18]. The models were then tested in the validation cohort utilizing the identical regression equations created in
the training cohort.

All statistical analyses were carried out utilizing SPSS (ver23.0, USA), R software (ver3.4.0, USA) and SigmaPlot (ver13.0, USA).
The considered two-sided P-values < 0.05 were statistically signi�cant.

Results

Characteristics of the study population
A total of 316 patients were enrolled in our study, including 158 RA patients in the RA group, 45 healthy controls, and 113 non-
RA patients (SLE, n=49; pSS, n=14; AS, n=50) in the disease controls. The research population’s clinical, immunological and
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demographic characteristics are summarized in Table 1. The entire cohort consisted of 256 females and 60 males. The mean
age of RA patients was 52.35±12.93 years, 51.21±14.41 for non-RA disease patients and 55.22±7.48 for healthy controls. The
age and gender of RA patients and all the controls were matched. There were no considerable differences in age, gender,
smoking history and history of alcohol consumption observed between the RA group, the non-RA controls and the healthy
controls. However, the history of diabetes and hypertension were remarkably distinct between the groups.

Serum levels of SAA4, RF, anti-CCP and CRP 
The serum level of the biomarkers was compared between the RA group and the two controls. As shown in Table 1, the median
(IQR) serum concentration of SAA4 in the RA groupwas 62.53μg/ml, which was substantially greater than the 44.03μg/ml
observed in the disease controls and 39.15μg/ml reported in the healthy controls. This difference of serum concentration
between the groups was statistically signi�cant (P< 0.001). The levels of CRP, anti-CPP and RF were also notably higher in RA
patients compared to the other patient groups (P<0.001). 

Potential diagnostic values of SAA4
The sensitivity, speci�city, Youden index, positive likelihood ratio, negative likelihood ratio, positive predictive value and
negative predictive value of SAA4 were all tested to determine its diagnostic utility as a biomarker for RA. Simultaneously, we
measured the corresponding statistical indicators being listed above for RF, anti-CCP and CRP, and then estimated the AUC of
the ROC to compare different biomarkers’   discriminative ability.  

When restricted to the RA patient group, as shown in Table 2, SAA4 demostrated the highest speci�city (88.60%) compared to
the other biomarkers. Compared to RF, anti-CCP, and CRP, SAA4 is higher speci�c (88.60%) but less sensitive (67.72%). Besides,
SAA4 also demonstrated favorable positive likelihood ratio (5.94) and the positive predictive value (0.86). In addition, the YI of
SAA4 was 0.56 indicating good accuracy, authenticity and reliability; and it is of outstanding value in the diagnosis of RA.
When comparing the  RA group to the disease controls, the healthy controls or the two controls combined,   as shown in Figure
1,SAA4 had signi�cantly greater AUC than other biomarkers (all p <0.005), which indicates its outstanding diagnostic accuracy.
According to the ROC analysis, the optimum cut-off level of SAA4 was 56.14μg/ml with a sensitivity of 67.72% and a
speci�city of 88.60%. 

The incremental bene�t of combining SAA4 with the other routine biomarkers was assessed using a variety of biomarkers
combinations. In terms of overall diagnostic accuracy, the combination of four biomarkers, namely SAA4, RF, anti-CCP and
CRP, had the highest sensitivity (97.47%) and speci�city (99.37%) When considering the combination of two biomarkers, the
sensitivity and speci�city also signi�cantly increased in comparison to when any biomarker is considered alone (shown in
Table 3). When SAA4 was combined with anti-CCP, both the sensitivity(91.14%) when used in parallel   and the speci�city
(98.10%) when used in series  were highest among all the two biomarkers’ combinations.

Diagnostic model
The baseline characteristics of the validation and training cohorts are summarized in Table 4. The training cohort consisted of
224 cases (112 RA patients and 112 controls) and the validation cohort consisted of 92 cases (46 RA patients and 46
controls). The results of univariate and multivariate logistic regression analyses were applied to contrast the RA diagnostic
models and were used to build the �nal model, as shown in Table 5. The �nal parameters selected by multivariate logistic
regression anlysis for the diagnostic model were SAA4, CRP, anti-CCP , RF and history of diabetes.  

Based on the multivariate logistic regression analysis results, we constructed two types of diagnostic models in 224 training
samples: a combined model of SAA4 and anti-CCP (model A), and a combined model of SAA4, CRP, anti-CCP, RF and history of
diabetes (model B). Both two models  showed favorable performance for the diagnosis of RA. The curves of ROC for the
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training and validation cohorts are presented in Fig 2. In the training cohort, the AUCs of model A and model B were
0.90[95%CI: 0.86-0.94] and 0.93[95%CI: 0.91-0.96] respectively. This similar results in the validation cohort diagnostic models
suggested that the two models were stable. It is worth noting that SAA4, when paired up with anti-CCP, showed great diagnosis
power, which was  similar to the combined model of SAA4 and CRP, anti-CCP, RF and clinical parameters.

Furthermore, individualized nomograms of RA diagnostic model were developed with the intention of using the diagnostic
models in clinical settings (Fig 3). Due to the wide range of OR 95% CI of diabetes, the �nal diagnostic model was constructed
after adjusting for the history of diabetes. This can be demonstrated by the example of a 72-year-old female who tested
positive for all four biomarkers, including SAA4, RF, anti-CCP and CRP. In terms of the cumulative score of the different
prediction indicators, the corresponding predicted risk of RA in model A was 96.5%, while in model B was 98.6% (Fig 4). Both
models showed high-risk of RA based on the predicted probability, and the results were similar. Between these two models,
model A seems to be a more convenient tool to diagnose RA because it has less index.

Discussion
In the current investigation, we demonstrated the utility of SAA4 as a potential diagnostic biomarker for RA and compared the
accuracy of diagnostic models integrating SAA4 with the established clinical parameters. SAA4 shows great detection power
for RA when combined with anti-CCP. To the best of our knowledge, this is the �rst report to evaluate the diagnostic value of the
SAA4 as part of a novel diagnostic model for RA.

The identi�cation and development of novel diagnostic biomarkers remain a major area of interest in many diseases, including
RA. SAA4 is a part of the serum amyloid SAA family of proteins that are seen in the acute-phase. Currently, four SAA subtypes
associated with cholesterol homeostasis have been identi�ed[19-21]. SAA1 and SAA2 are acute phase apolipoproteins that
increase by >100‐fold during acute in�ammation and are correlated with the proteins involved in the regulation of angiogenic
factors, such as matrix metalloproteinase 1 (MMP1)[22]. SAA3, on the other hand, although is represented in mice only and has
no human homolog, has long been regarded as a pseudogene. In contrast, the role of SAA4 in human diseases is limited, as
only a small portion of SAA4 has been detected in the subfractions of LDLs and VLDLs [23]. It has also been reported that SAA4
expression has been observed in ovarian tumors [24] and may serve as a serologic and histologic biomarker for atheromatous
lesions [25]. Seok et al.[12]  were the �rst to report SAA4 as a potential biomarker in RA. They showed that SAA4 was
differentially expressed in the serum of RA patients using an LC-MS/MS proteomics approach. These �ndings were further
validated by Mun et al.[13] , reporting that the upregulation of SAA4 in patients with RA when compared to healthy controls.
Taken together, these results present a strong rationale for the potential use of SAA4 as a novel diagnostic biomarker for RA.

Our research focused on assessing the diagnostic value and clinical applicability of SAA4 in RA. In general, SAA4 showed a
good diagnostic performance. The result showed that the expression of SAA4 was signi�cantly increased in serum of RA
patients compared to all the controls. This �nding indicates that the serum level of SAA4 might be an indicator of RA.
Compared to RF, anti-CCP, and CRP, SAA4 is more speci�c but less sensitive. SAA4 might be a reasonably speci�c biomarker of
RA. The largest AUC in SAA4 compared to the other biomarkers suggested that SAA4 levels could more accurately differentiate
future RA patients from those who did not develop the disease. This discriminatory capacity of SAA4 exceeded the values for
the other biomarkers, indicating once again that serum SAA4 may be a novel and highly valuable diagnostic indicator for RA.

The role of anti-CCP, RF, and CRP in the diagnosis of RA is now well established. Some researchers reported discrepancies
between their assessment results of the diagnostic value thus far[26-31], and the sensitivity and speci�city of anti-CCP were
from 60% to 70% and 70% to 97% , respectively, and corresponding values of RF were 60%-83% and 70%-90%, respectively. Our
results were consistent with previous studies on the performance of anti-CCP and RF and showed good diagnostic utility.
However, the results of different studies varied   greatly for CRP. One study reported that CRP had a sensitivity of 91.3% and a
speci�city of 37.8%[28], the other study reported that CRP had a sensitivity of 72.7% and a speci�city of 95%[31]. Our study
showed that the sensitivities of CRP were 58.22% with corresponding speci�cities of 78.48%. These differences might be
explained by the heterogeneity of the participants in the studies. 
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As we all known, the joint test can increase diagnostic power over single diagnostic test [32, 33]. In our study, the joint test’s
results suggested that  the highest sensitivity and speci�city were obtained when SAA4 and anti-CCP were combined
together as diagnostic candidate biomarkers among all the biomarkers pairwise combinations. The combination test of SAA4
and anti-CCP greatly enhance detection of RA than either of them measured independently. The use of SAA4 as a novel
biomarker combined with anti-CCP may be a cost-effective way to improve RA patients’ diagnosis, which reduce the �nancial
burden of patients. Also, the high level of accuracy obtained when using the combined biomarkers may also have important
health economics bene�ts , which may offset some limitations of routine biomarkers. The patient may achieve the best
diagnostic effect at a lower cost. While combined analyses of various biomarkers and clinical data are more accurate and
have the potential to provide greater patient bene�t[30]. 

The statistical modeling process aims to create a simpli�ed description of the object of study in order to achieve a certain
purpose[34]. Diagnostic models are becoming increasingly being used in  many areas of medicine as a method to improve the
accuracy of clinical diagnosis. In this study, diagnostic models for RA were developed using real-world data in conjunction with
established clinical biomarkers and SAA4. By comparing our models, it was found that when SAA4 or clinical parameters were
combined, the diagnostic performance of SAA4 or clinical parameters alone was improved,  and the combination enhanced the
capability of RA to be diagnosed early. Our results suggested that SAA4 positivity was an independent diagnosis factor in RA
patients. The studied diagnostic model combined several indicators (CRP, anti-CCP, RF and SAA4) and demostrated diagnostic
capacity in both validation and training cohorts , indicating that the model was stable. Consistent with other studies[30, 35], our
results highlighted the important advantages of combining multiple biomarkers over single diagnostic parameters and
provided a novel method for combining them. Nomogram is a reliable tool for informing clinical decision-making. Our
nomogram might be applied to outpatients as a supplementary tool for clinical evaluation and could assist patients in
understanding their diagnostic decision-making processes.

Despite the positive �ndings in our study, there were still several limitations. While our sample size was su�ciently large and
statistically robust, most of the patients recruited to the study came from northern China. Also, our �ndings require further
validation in prospective studies in order to provide a more comprehensive and in-depth clinical evaluation   of our prediction
model.

Conclusion
our results suggested that serum SAA4 levels could be used as a diagnostic biomarker for RA with a discriminative ability
comparable to that of routine biomarkers. The combination SAA4 with anti-CCP greatly enhanced detection for RA. Also, an
individualized nomogram diagnostic prediction model was established that can be used to accurately predict RA. The earlier
and more accurate diagnosis of RA may have a high potential to improve outcomes for patients by identifying people who
need disease modifying therapy and hence to minimize the health and economic costs of RA.
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Table 1

 Basic characteristics of the study population
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  RA group

(n=158)

Disease
controls

n=113

Healthy
controls

n=45

P values for the groups

RA vs disease
controls

RA vs healthy
controls    

RA vs all
controls

Gender, n (%) 128 81.01 100 88.50 31 68.89 0.096 0.082 1.000

Age (years) 52.63±12.69 51.21±14.41 55.22±7.48 0.392 0.194 0.754

SAA4(μg/ml) 62.53 53.05,
76.37

44.03 31.08,
53.26

39.15 28.39,
48.77

< 0.001 < 0.001 < 0.001

CRP (mg/L) 12.75 3.66,
39.13

4.60 3.00,
9.10

3.50 2.15,
4.20

< 0.001 < 0.001 < 0.001

anti-CCP, pos
(%)

114 72.15 21 18.58 0 0 < 0.001 < 0.001 < 0.001

RF(IU/mL) 51.90(17.23,
169.25)

8.0 3.90,
21.95

8.40 7.10,
9.40

< 0.001 < 0.001 < 0.001

Comorbidity,
n (%)

           

Diabetes 15 9.50 2 1.76 0 0 0.010 0.032 0.001

Hypertension 24 15.19 10 8.95 0 0 0.120 0.005 0.011

Smoke, n (%)       0.063 1.000  0.081

Past/Current 12 7.59 2 1.76 3 6.67      

Never 146 92.41 111 98.23 42 93.33      

Drink, n (%)       0.147 1.000 0.252

Past/Current 5 3.16 0 0 2 4.44      

Never 153 96.84 113 100 43 95.56      

Table 2 

Clinical evaluation of SAA4, CRP, anti-CCP and RF
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  Sn Sp Youden Index LR+ LR- PPV NPV

RA group vs disease controls              

SAA4 67.72% 84.96% 0.53  4.50  0.38  0.86 0.65

CRP 58.22% 71.68% 0.30  2.06  0.58  0.74 0.55

Anti-CCP 72.15% 81.42% 0.54  3.88  0.34  0.84 0.67

RF 71.52% 74.33% 0.46  2.79  0.38  0.79 0.65

RA group vs healthy controls              

SAA4 67.72% 97.78% 0.66  30.50  0.33  0.99 0.46

CRP 58.22% 95.56% 0.54  13.11  0.44  0.98 0.39

Anti-CCP 72.15% 100% 0.72  - 0.28  1.00 0.51

RF 71.52% 97.78% 0.69  32.22  0.29  0.99 0.49

RA group vs all controls                

SAA4 67.72% 88.60% 0.56 5.94  0.36  0.86 0.73

CRP 58.22% 78.48% 0.37 2.71  0.53  0.73 0.65

Anti-CCP 72.15% 86.71% 0.59 5.43  0.32  0.84 0.76

RF 71.52% 81.01% 0.53 3.77  0.35  0.79 0.74

Sn: sensitivity; Sp: speci�city; LR+: positive likelihood ratio; LR–: negative likelihood ratio; PPV: positive predictive value;
NPV: negative predictive value;

 

Table 3 

Clinical evaluation results of SAA4, CRP, anti-CCP and RF
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  Sensitivity Speci�city Yorden Index

SAA4+CRP 40.51% 97.47% 0.380

SAA4+anti-CCP 48.73% 98.10% 0.468

SAA4+RF 51.26% 95.56% 0.468

CRP+ anti-CCP 43.67% 94.94% 0.386

CRP+RF 42.41% 94.30% 0.367

CCP+RF 63.92% 95.57% 0.595

SAA4/CRP 85.44% 69.62% 0.551

SAA4/anti-CCP 91.14% 77.22% 0.684

SAA4/RF 90.51% 74.51% 0.650

CRP/anti-CCP 86.71% 70.25% 0.570

CRP/RF 87.34% 65.19% 0.525

Anti-CCP/RF 79.75% 72.15% 0.519

SAA4+CRP+anti-CCP 31.65% 99.37% 0.310

SAA4+CRP+RF 30.38% 98.73% 0.291

SAA4+anti-CCP+RF 43.04% 99.37% 0.424

CRP+ anti-CCP+RF 39.87% 99.37% 0.392

SAA4/CRP/anti-CCP 96.84% 63.29% 0.601

SAA4/CRP/RF 96.20% 59.49% 0.557

SAA4/anti-CCP/RF 93.04% 66.46% 0.595

CRP/anti-CCP/RF 91.77% 60.76% 0.525

SAA4+CRP+anti-CCP+RF 29.11% 99.37% 0.285

SAA4/CRP/ anti-CCP/RF 97.47% 56.33% 0.538

Table 4 

Baseline characteristics in training cohort and validation cohort
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  Training cohort   Validation cohort  

RA
group(n=112)

Control
group(n=112)

P RA group(n=46) Control
group(n=46)

P

Gender

male

female

 

22

90

 

22

90

1.00  

8

38

 

8

38

1.000

Age 53.14±12.80 52.88±13.19 0.908 51.39±12.47 51.07±12.32 0.879

SAA4(μg/ml)

SAA4+

SAA4-

66.01(54.34,78.18)

80(71.43%)

32(28.57%)

42.87(30.24,52.
16)

15(13.39%)

97(86.61%)

0.000 58.66(51.51,68.91)

27(58.70%)

19(41.30%)

42.10(29.41,49.28)

43(93.48%)

3(6.52%)

0.000

CRP(mg/L)

CRP+

CRP-

11.90(3.51,42.30)

64(57.14%)

48(42.86%)

4.30(3.00,7.85)

25(22.32%)

87(77.68%)

0.000 13.80(4.08,36.75)

28(60.87%)

18(39.13%)

3.45(2.60,6.85)

9(19.57%)

37(80.43%)

0.000

Anti-CCP(n%)

Anti-CCP+

Anti-CCP-

 

85(75.89%)

27(24.11%)

 

16(14.29%)

96(85.71%)

0.000  

29(63.04%)

17(36.96%)

 

5(10.87%)

41(89.13%)

0.000

RF(n%)

RF+

RF-

 

82(73.21%)

30(26.79%)

 

23(20.54%)

89(79.46%)

0.000  

31(67.39%)

15(32.61%)

 

7(15.22%)

39(84.78%)

0.000

Diabetes(n%)

Diabetes

Non- Diabetes

 

13(11.61%)

99(88.39%)

 

2(1.79%)

110(98.21%)

0.003  

2(4.35%)

44(95.65%)

 

1(2.17%)

45(97.83%)

0.557

Hypertension(n%)

Hypertension

Non-
Hypertension

 

18(16.07%)

94(83.93%)

 

9(8.04%)

103(91.96%)

0.000  

6(13.04%)

40(86.96%)

 

1(2.17%)

45(97.83%)

0.049

Smoke(n%)

Yes

No

 

10(8.93%)

102(91.07%)

 

5(4.46%)

107(95.54%)

0.181  

2(4.35%)

44(95.65%)

 

1(2.17%)

45(97.83%)

0.557

Drink(n%)

Yes

No

 

4(3.57%)

108(96.43%)

 

1(0.89%)

111(99.11%)

0.175  

1(2.17%)

45(97.83%)

 

1(2.17%)

45(97.83%)

1.000

 

Table 5

Univariate logistic regression and multivariate logistic regression models in the training cohort (n=224       
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  Univariate logistic regression

                

Multivariate logistic regression

         

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

SAA4 16.17(8.18~31.94) 0.000 14.25(5.73~35.44) 0.000

CRP 4.64(2.60~8.30) 0.000 2.92(1.24~6.91) 0.014

Anti-CCP 18.89 (9.53~37.43) 0.000 10.61(4.20~26.81 0.000

RF 10.58(5.69~19.67) 0.000 4.02(1.65~9.82) 0.002

Diabetes 7.22(1.59~32.80) 0.010 14.39(1.81~114.46) 0.012

Hypertension 2.19(0.94~5.12) 0.070    

Smoke 2.10(0.69~6.35) 0.019  

Drink 4.11(0.45~37.37) 0.209  

Figures

Figure 1

ROC of SAA4, CRP, anti-CCP and RF for RA diagnosis in comparison of different groups.

A.   ROC of SAA4, CRP, anti-CCP and RF when comparing RA groups and disease controls. AUC of SAA4 is 0.83[95%CI: 0.79-
0.88]; AUC of CRP is 0.69[95%CI:0.63-0.75]; AUC of anti-CCP is 0.77[95%CI: 0.71-0.83]; AUC of RF is 0.79[95%CI: 0.74-0.85];

B.    ROC of SAA4, CRP, anti-CCP and RF when comparing RA groups and healthy controls.

AUC of SAA4 is 0.87[95%CI: 0.82-0.92]; AUC of CRP is 0.78[95%CI: 0.72-0.85]; AUC of anti-CCP is 0.86[95%CI: 0.81-0.91]; AUC of
RF is 0.83[95%CI: 0.78-0.89];

C.    ROC of SAA4, CRP, anti-CCP and RF when comparing RA groups and all controls. AUC of SAA4 is 0.83[95%CI: 0.77-0.88];
AUC of CRP is 0.65[95%CI: 0.58-0.71]; AUC of anti-CCP is 0.77[95%CI: 0.71-0.83]; AUC of RF is 0.78[95%CI: 0.72-0.83]
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Figure 2

ROC curves for the diagnostic models.

A.   AUC of mode l A is 0.90[95%CI: 0.86 -0.94] in training cohort. AUC of model B is 0.93[95%CI: 0.91 -0.96] in training cohort.

B.    AUC of model A is 0.87[95%CI: 0.78 -0.94] in validation cohort. AUC of model B is 0.92[95%CI: 0.87 -0.97] in validation
cohort.

Figure 3

Nomogram to predict the probability of RA.

A.     developed nomogram of model A in the training cohort.

B.      developed nomogram of model B in the training cohort.
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Figure 4

Nomogram to predict the probability of RA.

A.     Example prediction nomogram of model A for diagnosing RA

B.      Example prediction nomogram of model B for diagnosing RA


