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Objective: The present study aimed to explore the clinical value of serum amyloid A (SAA) 
in the diagnosis, treatment, and assessment of ankylosing spondylitis (AS).
Methods: Seventy-eight patients with AS were enrolled as the case group, while the control 
group consisted of 80 healthy individuals enrolled during the same time period. According to 
the criteria of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), patients in 
the case group were divided into those in the remission phase (36 patients) and those in the 
active phase (42 patients). Levels of SAA, C-reactive protein (CRP), and erythrocyte 
sedimentation rate (ESR) were measured in all enrolled subjects and analyzed.
Results: SAA levels were significantly higher in the AS group (39.65 ± 12.32 ng/mL) than 
in the control group (7.64 ± 1.32 ng/mL) (p =0.011) and in patients in the active phase (56.18 
± 17.25 ng/mL) compared with those in the remission phase (20.36 ± 5.36 ng/mL) (p 
=0.015). The sensitivity and specificity of SAA were 79.49% and 77.50%, respectively. 
There was a positive correlation between SAA level and the BASDAI grade (r = 0.77, 
p =0.005), CRP level (r = 0.68, p =0.011), and ESR (r = 0.62, p =0.012).
Conclusion: Not only is SAA a reliable indicator for the presence of AS, it may also be 
useful for monitoring the activity of this disease.
Keywords: ankylosing spondylitis, serum amyloid A, C-reactive protein, erythrocyte 
sedimentation rate, disease activity

Introduction
Ankylosing spondylitis (AS) is an autoimmune disease of unknown etiology, 
characterized by insidious onset, a chronic inflammatory response, atypical symp-
toms, and repeated and continuous progression of the disease. It can seriously 
impact the physical and mental health, and quality of life of patients.1–3 Due to 
the rapid progression of the disease, early diagnosis and treatment, along with 
dynamic monitoring of the condition, are needed to prevent irreversible injury to 
joint function. The clinical symptoms of the disease are non-specific, and guidelines 
recommend that only erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) level are used as staging indicators.4 This makes early and accurate diag-
nosis and treatment difficult.

Serum amyloid A protein (SAA) is an acute-phase response protein with a short 
half-life, which shows early and marked elevation.5–7 SAA has important diagnostic 
and therapeutic roles in acute inflammatory disease, and its clinical value in immune 
diseases has recently been reported. However, there are few reports on the role of SAA 
in monitoring AS. Therefore, the present study was conducted to observe changes in 
SAA in the pathogenesis of patients with AS and to investigate the relationship 
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between the SAA and AS phase, in order to confirm the 
clinical value of SAA in the diagnosis and treatment of AS.

Subjects and Methods
Study Subjects
Data from 78 patients with AS (the AS group) were col-
lected in our hospital between June 2017 and 
December 2019. There were 50 males and 28 females, 
with an average age of 32.64 ± 13.93 years (range 10–57 
years). All patients met the diagnostic criteria for AS as 
revised by the Chinese Medical Association Rheumatology 
Branch in 2010.4 Patients with other autoimmune diseases 
and tumors were excluded. According to the Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI) 
criteria, patients in the AS group were divided into those in 
the remission phase (36 cases) and those in the active phase 
(BASDAI grade ≥ 4, 42 cases). During the same time 
period, 80 subjects who were healthy on physical examina-
tion were enrolled as the control group. There were 51 males 
and 29 females, with an average age of 31.33 ± 12.16 years 
(range 10–58 years). None of these subjects had major 
disorders of the heart, liver, or kidneys (Figure 1).

Apparatus and Reagents
SAA was detected by the Hitachi Automatic Biochemistry 
Analyzer 7600, Japan (Batch number: 200713101). ESR 
was detected by the ALIFAX (Italy) TEST1 automatic 
rapid hematocrit meter (Batch number: 04528) and CRP 
was determined by the Jet-iStar 3000 immunoassay analy-
zer manufactured by Zhong Han Shengtai Biotechnology 
Co (Batch number: CRP20101022F).

Detection Methods
Early in the morning, 5 mL and 2 mL samples of venous 
blood were collected from all participants, after fasting, and 
placed in a separator gel pro-coagulation tube and an EDTA 
anticoagulation tube, respectively. The separator gel pro- 
coagulation tube was centrifuged at 3000 r/min for 10 min 
for further detection of SAA. The sample in the EDTA antic-
oagulation tube was used to detect the CRP level and ESR.

Statistical Analysis
SPSS 22.0 software (IBM) was used for data analysis. The 
Kolmogorov-Smirnov normality test was used to analyze the 
normal distribution of the data. Continuous data were 
expressed as�x± s. The t-test was used to compare means 
between groups. Pearson’s test was used for correlation ana-
lysis. A p value of <0.05 was considered statistically 
significant.

Results
SAA and CRP Levels and ESR
SAA and CRP levels and ESR were all significantly higher 
in the AS group compared with the control group, although 
the difference in ESR was relatively small (Table 1).

The Diagnostic Efficacy of SAA and CRP 
Levels and ESR in AS
Analysis revealed that SAA and CRP levels and ESR had 
relatively high diagnostic efficacy for AS. Overall, the 
efficacy of the SAA level was higher than that of the 
CRP level and ESR, and the efficacy of the CRP level 
was higher than that of ESR (Table 2).

Figure 1 Case enrollment process.
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Changes in SAA and CRP Levels and ESR 
in AS Patients by Disease Stage
SAA and CRP levels and ESR in AS patients in the active 
phase were significantly higher than in patients in the 
remission phase, as shown in Table 3.

Correlation Between SAA Level and 
BASDAI Grade, CRP Level, and ESR
Correlation analysis revealed that the SAA level was posi-
tively correlated with BASDAI grade, the CRP level, and 
ESR, as demonstrated in Table 4.

Discussion
AS is a chronic, progressive and inflammatory disease of 
unknown etiology. Most researchers believe that it is caused 
by a combination of infectious, autoimmune, genetic, envir-
onmental, and other factors. In addition, the insidious onset 
of AS and the lack of specific symptoms make it difficult to 
diagnose and treat. This leads to under- and misdiagnosis 
and causes great suffering to patients.8–10 Therefore, it is 
important to find convenient and reliable laboratory indica-
tors for the early diagnosis and management of AS. CRP 
level and ESR are two established diagnostic indicators 

given in guidelines for AS, but, as broad-spectrum inflam-
matory factors, their low sensitivity dictates that these two 
indicators cannot be used alone in the monitoring of AS. 
Instead, they should be used in combination with other 
indicators with higher sensitivity.4 SAA is a non-specific 
acute phase-response protein that has recently been found to 
be elevated in patients with immune diseases involving 
chronic inflammation, and it has considerable potential 
value, especially in the assessment of joints affected by 
rheumatoid disease.11 The expression of SAA is abnormal 
in patients with multiple immune diseases, particularly 
when the disease is in an active phase, but the clinical 
significance of this is not conclusive. Changes in SAA 
levels in patients with AS have been reported relatively 
rarely and, thus, should be investigated for their potential 
use in diagnosis, treatment, and monitoring of the disease.

In the present study, SAA and CRP levels and ESR 
were significantly higher in the AS group than in the 
healthy controls. Li et al12 also reported significantly 
higher levels of SAA in patients with AS, but this finding 
needs to be verified by further studies. The sensitivity of 
SAA level as a diagnostic tool for AS was 79.49%, which 
was significantly higher than that of the CRP level 
(64.10%) and ESR (61.54%). At 77.50%, the specificity 

Table 1 Comparison of the Detection Results of SAA, CRP and ESR Between the Two Groups of Subjects

Group Number of Case SAA (ng/mL) CRP (mg/L) ESR (mm/1h)

AS Group 78 39.65±12.32 36.12±14.23 42.03±12.56
Control group 80 7.64±1.32 4.33±1.54 16.05±11.01

t – 3.35 4.03 2.21

P – 0.011 0.008 0.019

Table 2 The Value of SAA, CRP and ESR in the Diagnosis of Ankylosing Spondylitis

Item Sensitivity 
(%)

Specificity 
(%)

Positive Predictive Value 
(%)

Negative Predictive Value 
(%)

Youden Index 
(%)

Consistency 
(%)

SAA 79.49 77.50 77.50 77.50 56.99 78.48

CRP 64.10 87.50 83.33 87.50 51.60 75.95
ESR 61.54 85.00 80.00 85.00 46.54 73.42

Table 3 Comparison of the Detection Results Between AS in the Remission Phase and Active Phase

Item Number of Case SAA (ng/mL) CRP (mg/L) ESR (mm/1h)

Active phase 42 56.18±17.25 58.31±20.25 65.18±21.65

Remission phase 36 20.36±5.36 10.23±3.65 15.02±5.36
t – 2.98 4.95 4.62

P – 0.015 0.001 0.009
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of the SAA level was slightly lower than that of the CRP 
level (87.50%) and ESR (85.00%). However, both the 
Youden index and the concordance of the SAA level 
were higher than those of the CRP level and ESR. These 
results not only confirm the high efficacy of the SAA level 
in the diagnosis of AS, but also suggest that it is more 
effective than either the CRP level or ESR. This may be 
due to the fact that the SAA level starts to rise after 
approximately 8 h of inflammatory response, even in 
mild infections, whereas significant elevations of the 
CRP level and ESR are generally only seen in bacterial 
infections.

The present study also confirms that the SAA level 
was increased in both the remission and active phases in 
patients with AS. Further comparisons of SAA and CRP 
levels and ESR revealed that all three indicators were 
substantially higher in the active phase than in the 
remission phase. This indicates that SAA, like estab-
lished indicators such as the CRP level and ESR, 
might be correlated with disease activity in AS. AS is 
a chronic inflammatory disease in which mononuclear 
macrophages produce a variety of inflammatory respon-
sive cytokines, such as IL-1, IL-6, and TNF, during the 
active phase.13,14 When cytokines are stimulated, the 
synthesis of SAA is increased in the liver. In addition, 
a particularly important property of SAA is the ability 
of degradation products to be deposited in different 
organs in the form of amyloid A protofibrils, which 
may lead to chronic inflammatory disease. This patho-
physiological process might be an important reason for 
the substantial elevation of SAA during the active phase 
and slight elevation during the remission phase in 
patients with AS.15

HLA-B27 is strongly associated with the development 
of AS and is an established indicator of the disease, but its 
role in monitoring and dynamic observation is minimal. 
Guidelines for the diagnosis and treatment of AS recom-
mend only the CRP level and ESR as indicators for mon-
itoring disease activity. The BASDAI is the most widely 
used system for evaluating the activity of AS.16 In this 
study, SAA and CRP levels and ESR were strongly and 

positively correlated with BASDAI grade, and the correla-
tion between the SAA level and the BASDAI grade was 
significantly stronger than those between the BASDAI 
grade and the CRP level or ESR. These results further 
verify that the SAA level is a better indicator for monitor-
ing disease activity in patients with AS than the CRP level 
and ESR.

In summary, the SAA level is a potentially reliable 
laboratory indicator not only for the diagnosis and man-
agement of AS, but also for the assessment of disease 
activity and prognosis. Therefore, it could be used as an 
adjunct to the clinical management of AS.
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