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Abstract

Background

A hospitalized-based cohort study suggested that elevated C-reactive protein (CRP) levels

are associated with radiographic sacroiliitis progression in ankylosing spondylitis (AS)

patients. However, data from community-based populations are limited.

Objective

We sought to determine the association between elevated CRP levels and AS diagnosis in

a prospective community-based study of 129,681 Chinese adults over a follow-up period of

8 years.

Methods

We measured the plasma CRP concentration at baseline and every 2 years thereafter with

the high-sensitivity (hs)-CRP test. Incident AS cases were confirmed on the basis of modi-

fied New York diagnostic criteria after review of medical records. We used Cox proportional-

hazard models to calculate hazard ratios (HRs) and 95% confidence intervals (95% CIs) for

AS on the basis of hs-CRP concentrations, adjusting for age, sex, education, income, ciga-

rette smoking, alcohol intake, physical activity, body mass index, blood-pressure status,

blood glucose status, total cholesterol, history of cardiovascular disease, and use of antihy-

pertensives, lipid-lowering agents, and aspirin.

Results

During 1,033,609 person-years (average 7.97 ± 1.36 years per person) of follow-up, we

identified 55 incident AS cases. Baseline hs-CRP was positively associated with the risk of
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future AS. Compared with hs-CRP <1 mg/L, the HR was 1.28 (95% CI 0.54–3.08) for hs-

CRP of 1.00–2.99 mg/L, 4.71 (95% CI 2.26–9.81) for hs-CRP of 3.00–9.99 mg/L, and 19.8

(95% CI 9.6–40.9) for hs-CRP�10.00 mg/L (P-trend <0.001) after adjustment for potential

confounders. We found similar results after excluding AS cases that occurred in the first 2

years of follow-up, and using the cumulative average hs-CRP concentration as a predictor.

Conclusion

This is the first study in a community-based cohort to demonstrate that CRP plasma concen-

trations predict the risk of future AS, thus providing a test that is easy to routinely perform in

the clinic to assess for AS risk.

Introduction

Ankylosing spondylitis (AS) is a chronic, progressive, inflammatory rheumatic disease that

mainly affects the axial skeleton, large peripheral joints, and entheses [1], with a prevalence

between 0.1% and 1.4% globally. AS is typified by sacroiliitis and ankyloses of the spine. Struc-

tural damage can lead to impaired spinal mobility, decreased participation in daily activities

and severely reduced health-related quality of life [2]. On average, it takes 6 to 8 years from the

onset of back pain until a clinician establishes a definite diagnosis of AS. Thus, it is very impor-

tant to predict the risk of developing AS. However, to date, only limited risk factors for AS

have been identified, such as human leukocyte antigen B27, family history of AS, male sex and

frequent gastrointestinal infections [3].

Radiographic sacroiliitis is considered a hallmark of AS. Inflammation in axial spondyloar-

thritis starts in the sacroiliac joints. Inflammation of the sacroiliac joints and the spine

eventually may lead to bony ankylosis. Therefore, inflammation is a paramount factor in the

radiographic assessment of AS progression. A recent study demonstrated that inflammation

may predict radiographic progression of AS. In the German Spondyloarthritis Inception

Cohort (GESPIC), elevated levels of CRP, a marker of systemic inflammation, were a strong

positive predictor of sacroiliitis progression in AS patients [4]. However, it remains unknown

whether high CRP concentrations precede the onset of AS in the general population.

In this context, we hypothesized that elevated CRP levels were associated with the incidence

of AS. Thus, we tested this hypothesis in a prospective community-based study of approxi-

mately 130,000 Chinese adults over a follow-up period of approximately 8 years. Furthermore,

we conducted several sensitivity analyses to test our results, including a 2-year-lag analysis,

using the average hs-CRP concentration as an independent variable and an analysis restricted

to never-smokers.

Materials and methods

Study design and population

The Kailuan Study, a prospective cohort study based in the Kailuan community in Tangshan

city in northern China, was designed to investigate risk factors for common chronic diseases

[5,6]. In 2006, all 155,418 employees of the Kailuan Group�18 years old (including retired

individuals) were invited to participate in questionnaire assessments and clinical and labora-

tory examinations conducted in 11 hospitals responsible for the health-care of this community.

A total of 101,510 participants comprising Kailuan Study I completed questionnaires and
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clinical examinations between 2006 and 2007. In 2008–2010, 35,856 adults who did not partici-

pate in Kailuan Study I were enrolled in Kailuan Study II (S1 Fig). In both studies, the same

questionnaires and clinical and laboratory examinations were administered every 2 years, to

update the participants’ health and lifestyle status data until the end of follow-up on December

31, 2015.

The 137,349 participants in Kailuan studies I and II were considered for their eligibility for

inclusion in the current study, resulting in exclusion of 7,645 participants with missing infor-

mation relating to hs-CRP, and 95 participants who had AS at baseline, and leaving 129,681

participants for inclusion. 121,656 participants were remained at the end of study on Decem-

ber 31, 2015 with 8,025 lost during follow-up (S1 Fig).

The protocol for this study was in accordance with the guidelines of the Helsinki Declara-

tion and was approved by the Ethics Committee of the Kailuan Medical Group, Kailuan Com-

pany. Written informed consent was obtained from all participants. Because of confidentiality

issues, the authors cannot post the data directly. However, de-identified data are available to

researchers upon request by contacting Dr Shouling Wu.

Incidence of AS

Incident AS cases were identified by searching the Municipal Social Insurance Institution and

the Hospital Discharge Register of the 11 hospitals (with an ICD-10 search code of M45 for

AS). Three rheumatologists (Drs Wenhao Yang, Huijing Shi and Jinmei Su) reviewed all medi-

cal records and confirmed the diagnosis of AS on the basis of fulfilment of the modified New

York classification criteria [7].

Assessment of hs-CRP concentrations

Fasting (8–12 h) venous blood samples were drawn during each study visit and analysed at the

Central Laboratory of Kailuan General Hospital on the same day [6]. Plasma hs-CRP concen-

trations were measured with a high-sensitivity particle-enhanced immunonephelometry assay

(Cias Latex CRP-H, Kanto Chemical, Tokyo, Japan). The lower limit of detection was 0.1 mg/

L. The intra-assay coefficient of variation was 6.53%, and the inter-assay coefficient of varia-

tion was 4.78%. The concentrations of hs-CRP were measured at baseline and in the subse-

quent biennial survey for both study cohorts.

Assessment of covariates

Information on demographic variables (including age, sex, education, income, smoking status,

alcohol intake, and physical activity) was collected via questionnaires administered by the

research doctors at the baseline interview. Smoking status was divided into three categories

(current, past, or never); alcohol intake was divided into five categories (never, past, light

(women: 0–0.4 servings per day, men: 0–0.9 servings per day, where a serving equates to 15 g

of alcohol), moderate (women: 0.5–1.0 servings per day, men: 1–2 servings per day), or heavy

(women:>1.0 servings per day, men: >2 servings per day)) [8]; and physical activity was

divided into three categories (never, 1–2 times/week, or 3+ times/week) [9].

Bodyweight, height, and blood pressure were measured during the baseline interview, and

body mass index (BMI) was calculated using the weight in kilograms divided by the square of

the height in metres. Blood pressure was the average of at least two readings taken at rest. Stan-

dard protocols were used for all measurements. The categories for blood pressure levels were

‘normal’ (systolic blood pressure <120 mmHg and diastolic blood pressure <80 mmHg), ‘pre-

hypertension’ (systolic blood pressure 120–139 mmHg or diastolic blood pressure 80–89

mmHg) and ‘hypertension’ (systolic blood pressure�140 mmHg or diastolic blood pressure
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�90 mmHg, or a history of physician-diagnosed hypertension or the use of antihypertensive

drugs) [10]. ‘Diabetes’ was diagnosed as fasting blood glucose�126 mg/dL, a history of physi-

cian-diagnosed diabetes or taking glucose-lowering medication; ‘impaired fasting glucose’ was

diagnosed as fasting blood glucose 100–125 mg/dL; and ‘normal’ was diagnosed as fasting

blood glucose <100 mg/dL [11].

Concentrations of total cholesterol and triglyceride, high-density lipoprotein cholesterol

(HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured with an auto-ana-

lyser (Hitachi 747; Hitachi, Tokyo, Japan) as described previously [6,8].

Statistical analyses

Statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Cary, NC,

USA). Demographic information and baseline characteristics of the participants were summa-

rized and compared in relation to the concentrations of hs-CRP at baseline. Continuous vari-

ables are presented as the mean ± standard deviation, and discrete variables are presented as

counts and percentages. P-values were two-tailed, and values <0.05 were considered statisti-

cally significant.

The participants were divided into four categories on the basis of the baseline concentra-

tions of hs-CRP (<1.0 mg/L, 1.0–3.0 mg/L, >3.0 mg/L to<10.0 mg/L, and�10.0 mg/L)

[6,12]. The person-time of follow-up for each participant was determined from the end date of

the Kailuan Study I or Study II survey to either the date of AS onset or the end of follow-up

(December 31, 2015), whichever came first. Cox proportional-hazards regression was used for

calculation of hazard ratios (HRs) and 95% confidence intervals (95% CIs) for AS risk in rela-

tion to hs-CRP status. Logistic regression was also performed with penalized maximum-likeli-

hood estimation, because of the small number of incident AS cases. Three multivariate

proportional hazards models were fitted, to account for potential confounders. Model 1

adjusted for age and sex. Model 2 also adjusted for education, average monthly income of each

family member, smoking, alcohol intake, and physical activity. Model 3 further adjusted for

BMI, blood-pressure status, blood glucose status, total cholesterol, history of cardiovascular

disease, and the use of antihypertensives, lipid-lowering agents, and aspirin. Categories for

each of these variables were as shown in Table 1.

Three sensitivity analyses were conducted. Because elevated hs-CRP concentrations may

have been a consequence of impending AS, a 2-year-lag analysis was conducted by excluding

AS events from the first 2 years of follow-up, to reduce potential reverse causality. To take

advantage of the repeated assessment of hs-CRP in both studies, another sensitivity analysis

was conducted using cumulative average hs-CRP concentrations as an exposure. For example,

the average hs-CRP concentrations for the years 2006, 2008 and 2010 were used for prediction

of the occurrence of AS after 2010. Finally, because smoking could be associated with new

radiographic progression [13,14], one analysis was restricted to never-smokers.

Potential interactions between hs-CRP concentrations and sex and age (<45 years and�45

years) were also explored in relation to the risk of AS, adjusted for potential confounders.

Results

Among the 129,681 individuals who were included in this study, relative to those with lower

baseline hs-CRP concentrations, individuals with higher hs-CRP concentrations were more

likely to have higher bodyweight and age, to be current smokers, to have lower education,

higher plasma concentrations of cholesterol, and lower concentrations of LDL-C. A signifi-

cantly higher proportion of individuals with higher baseline concentrations of hs-CRP had

hypertension, diabetes, or a history of cardiovascular diseases or used antihypertensive
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Table 1. Baseline characteristics of 129,681 study participants according to hs-CRP concentrations at baseline.

Characteristic Plasma concentration of hs-CRP (mg/L) P
<1.00 1.00–2.99 3.00–9.99 �10.00

n 66,228 36,345 21,737 5,371

hs-CRP (mg/L), median (Q1,Q3) 0.40 (0.20,0.63) 1.60(1.21,2.10) 4.90(3.70,6.80) 14.8(11.6,23.1)

Age (years), mean ± SD 49.3 ± 12.4 51.5 ± 13.0 54.4 ± 12.9 55.4 ± 13.5 <0.001

Men, n (%) 53,557 (80.9) 29,725 (81.8) 17,294 (79.6) 4,356 (81.1) 0.01

BMI (kg/m2), mean ± SD 24.4 ± 3.3 25.6 ± 3.5 25.7 ± 3.7 25.4 ± 3.9 <0.001

Education, n (%)

Illiteracy or elementary school 5,749 (8.7) 3,903 (10.7) 2,896 (13.3) 769 (14.3) <0.001

Middle school 54,375 (82.1) 28,918 (79.6) 17,034 (78.4) 4,145 (77.2) <0.001

College/university 6,026 (9.1) 3,440 (9.5) 1,640 (7.5) 392 (7.3) <0.001

Average income, n (%)

<¥500/month 16,378 (24.7) 7,874 (21.7) 3,908 (18.0) 1,023 (19.0) <0.001

¥500–2,999/month 42,045 (63.5) 22,531 (62.0) 13,109 (60.3) 3,213 (59.8) <0.001

�¥3,000/month 4,380 (6.6) 2,686 (7.4) 2,581 (11.9) 585 (10.9) <0.001

Smoking status, n (%)

Current 3,338 (5.0) 2,157 (5.9) 1,301 (6.0) 338 (6.3) <0.001

Past 23,844 (36.0) 13,497 (37.1) 6,991 (32.2) 1,652 (30.8) <0.001

Never 38,989 (58.9) 20,621 (56.7) 13,291 (61.1) 3,318 (61.8) <0.001

Alcohol intake, n (%)

Never 38,973 (58.8) 20,246 (55.7) 13,281 (61.1) 3,277 (61.0) <0.001

Lighta 8,175 (12.3) 4,876 (13.4) 2,337 (10.8) 500 (9.3) <0.001

Moderateb 2,885 (4.4) 1,613 (4.4) 846 (3.9) 216 (4.0) 0.013

Heavyc 9,486 (14.3) 4,564 (12.6) 2,156 (9.9) 523 (9.7) <0.001

Past 1,905 (2.9) 1,179 (3.2) 690 (3.2) 210 (3.9) <0.001

Physical activity, n (%)

Never 8,476 (12.8) 5,100 (14.0) 2,779 (12.8) 598 (11.1) 0.41

1–2 times/week 47,633 (71.9) 24,479 (67.4) 15,512 (71.4) 3,935 (73.3) 0.003

3+ times/week 10,050 (15.2) 6,691 (18.4) 3,271 (15.0) 764 (14.2) 0.179

TC (mmol/L), mean ± SD 4.88 ± 1.12 5.00 ± 1.11 4.97 ± 1.11 4.90 ± 1.12 <0.001

TG (mmol/L), mean ± SD 1.56 ± 1.31 1.78 ± 1.47 1.78 ± 1.47 1.65 ± 1.37 <0.001

LDL-C (mmol/L), mean ± SD 2.43 ± 0.78 2.52 ± 0.85 2.34 ± 1.17 2.10 ± 1.28 <0.001

HDL-C (mmol/L), mean ± SD 1.54 ± 0.41 1.49 ± 0.41 1.51 ± 0.43 1.56 ± 0.52 <0.001

Blood-pressure status, n (%)

Normal 26,106 (39.4) 11,539 (31.8) 6,234 (28.7) 1,601 (29.8) <0.001

Prehypertension 16,637 (25.1) 8,498 (23.4) 4,966 (22.9) 1,138 (21.2) <0.001

Hypertension 23,485 (35.5) 16,308 (44.9) 10,537 (48.5) 2,632 (49.0) <0.001

Blood glucose status, n (%)

Normal 48,182 (72.8) 23,891 (65.7) 14,337 (66.0) 3,524 (65.6) <0.001

Prediabetes 13,153 (19.9) 8,298 (22.8) 4,402 (20.3) 1,060 (19.7) 0.004

Diabetes 4,893 (7.4) 4,156 (11.4) 2,998 (13.8) 787 (14.7) <0.001

History of CVD, n (%) 2,850 (4.3) 2,248 (6.2) 1,544 (7.1) 450 (8.4) <0.001

Antihypertensive treatment, n (%) 8,265 (12.5) 6,642 (18.3) 4,416 (20.3) 1,110 (20.7) <0.001

Antihyperglycemic treatment, n (%) 2,165 (3.3) 1,824 (5.0) 1,401 (6.5) 391 (7.3) <0.001

Lipid-lowering treatment, n (%) 857 (1.3) 683 (1.9) 527 (2.4) 140 (2.6) <0.001

(Continued)
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treatment, antihyperglycemic treatment, lipid-lowering treatment or aspirin, compared with

individuals with lower baseline hs-CRP concentrations (Table 1).

During the 1,033,609 person-years (average 7.97 ± 1.36 years) of follow-up, we documented

55 new AS cases: 14 for baseline hsCRP <1.00 mg/L (an incidence rate of 0.03 per 1,000 per-

son-years), 8 for baseline hsCRP 1.00–2.99 mg/L (0.03 per 1,000 person-years), 16 for baseline

hsCRP 3.00–9.99 mg/L (0.09 per 1,000 person-years), and 17 for baseline hsCRP�10.0 mg/L

(0.39 mg/L). The incidence rates of AS were higher in men than in women and decreased with

increasing age (Fig 1). Baseline hs-CRP concentrations were significantly positively associated

with future AS risk (P-trend<0.001, Table 2). Relative to hs-CRP<1.00 mg/L, HR = 1.28

(95% CI 0.54–3.08) for hs-CRP of 1.00–2.99 mg/L, HR = 4.71 (95% CI 2.26–9.81) for hs-CRP

of 3.00–9.99 mg/L, and HR = 19.8 (95% CI 9.6–40.9) for hs-CRP�10.0 mg/L (P-trend

<0.001), after adjusting for potential confounders (multivariate model 2). Exclusion of eight

AS cases that occurred in the first 2 years of follow-up, the use of cumulative hs-CRP as an

exposure, and exclusion of smokers all generated similar results (Table 2). The same trend was

found in analyses of subgroups stratified by sex and by age (Table 3). Significant associations

Table 1. (Continued)

Characteristic Plasma concentration of hs-CRP (mg/L) P
<1.00 1.00–2.99 3.00–9.99 �10.00

Use of aspirin, n (%) 821 (1.2) 755 (2.1) 569 (2.6) 164 (3.1) <0.001

aLight: 0.1–0.4 servings per day (women), 0.1–0.9 servings per day (men).
bModerate: 0.5–1.5 servings per day (women), 1–2 servings per day (men).
cHeavy: >1.5 servings per day (women), >2 servings per day (men). A serving equates to 15 g of alcohol.

BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density

lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides.

https://doi.org/10.1371/journal.pone.0211946.t001

Fig 1. Incidence rates of ankylosing spondylitis (AS) according to age and sex. For the 129,681 individuals included in this study (with a total of

1,033,609 person-years), the incidence density (incidence per 1,000 person-years) was calculated according to age or to sex.

https://doi.org/10.1371/journal.pone.0211946.g001
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Table 2. Adjusted hazard ratios (HRs) for ankylosing spondylitis according to hs-CRP concentrations at baseline, using different models and sensitivity analyses.

Plasma concentrations of hs-CRP (mg/L)

Model <1.00 1.00–2.99 3.00–9.99 �10.0 P for trend

Age- and sex-adjusted model 1.00 1.15 (0.48–2.75) 4.25 (2.06–8.77) 18.2 (8.9–37.3) <0.001

Multivariate model 1a 1.00 1.22 (0.51–2.90) 4.50 (2.17–9.33) 19.2 (9.3–39.4) <0.001

Multivariate model 2b 1.00 1.28 (0.54–3.08) 4.71 (2.26–9.81) 19.8 (9.6–40.9) <0.001

Sensitivity analysesb

Using cumulative average hs-CRP 1.00 1.48 (0.61–3.58) 7.0 (3.2–15.5) 51.6 (22.9–116.2) <0.001

2-year-lag analysis 1.00 2.24 (0.72–7.00) 7.8 (2.9–21.1) 29.5 (10.8–80.0) <0.001

Excluding smokers 1.00 2.22 (0.64–7.79) 4.5 (1.3–16.0) 49.8 (17.3–143.4) <0.001

hs-CRP, high-sensitivity C-reactive protein. Data presented are hazard ratios relative to <1.00 mg/L hs-CRP, with 95% confidence intervals.
aModel adjusted for age, sex, education, average monthly income of each family member, smoking, alcohol intake, and physical activity.
bModel included the variables in model 1, and was further adjusted for body mass index, blood-pressure status, blood glucose status, total cholesterol, history of

cardiovascular disease, and use of antihypertensives, lipid-lowering agents, and aspirin.

https://doi.org/10.1371/journal.pone.0211946.t002

Table 3. Incidence of ankylosing spondylitis (AS) according to hs-CRP concentration, with stratification by sex and age.

Plasma concentrations of hs-CRP (mg/L) P for trend P for interaction

<1.00 1.00–2.99 3.00–9.99 �10.0

Sex 0.39

Male

n 50,750 27,623 16,384 4,147

Incidence of AS 11 8 15 17

Incidence ratea 0.03 0.04 0.11 0.50

HR (95% CI) 1.00 1.62 (0.65–4.06) 5.6 (2.5–12.4) 24.9 (11.5–54.1) <0.001

Female

n 12,671 6,620 4,443 1,015

Incidence of AS 3 0 1 0

Incidence ratea 0.03 0.00 0.03 0.00

HR (95% CI) 1.00 — 1.4 (0.1–14.0) — 0.88

Age 0.23

<45 years

n 24,434 11,711 5,090 1,167

Incidence of AS 8 1 5 6

Incidence ratea 0.04 0.01 0.14 0.71

HR (95% CI) 1.00 0.31 (0.04–2.46) 3.7 (1.2–11.5) 18.1 (6.1–53.4) <0.001

�45 years

n 41,794 24,634 16,647 4,204

Incidence of AS 6 7 11 11

Incidence ratea 0.02 0.04 0.08 0.32

HR (95% CI) 1.00 2.35 (0.79–7.05) 5.5 (2.0–15.2) 20.6 (7.5–56.4) <0.001

HR, hazard ratio; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein. The model was adjusted for age, sex, education, average monthly income of each

family member, smoking, alcohol intake, physical activity, body mass index, blood-pressure status, blood glucose status, total cholesterol, history of cardiovascular

disease, and use of antihypertensives, lipid-lowering agents, and aspirin.
aIncidence rate per 1,000 person-years.

https://doi.org/10.1371/journal.pone.0211946.t003
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of baseline hs-CRP concentrations with AS incidence were also demonstrated in two multivar-

iate logistic regression analyses (all P-trend<0.001, S1 Table).

Discussion

In this large-scale, community-based, prospective study, baseline plasma concentrations of hs-

CRP were predictive of the future risk of AS over an average follow-up period of 8 years. The

association was independent of lifestyle factors and medical history, including smoking status,

alcohol intake, physical activity, obesity, blood pressure, and blood concentrations of glucose

and total cholesterol. A similar significant association was observed in several sensitivity analy-

ses and sub-group analyses.

Our results suggest that active systemic inflammation plays an important role in the stage

before established AS in a community population. To our knowledge, no similar data from

previous prospective, community-based studies are available. However, our results are consis-

tent with previous studies conducted in the hospital-based AS cohort that demonstrated that

inflammation, as assessed by CRP plasma concentration, was associated with radiographic

progression of both the sacroiliac joint and the spine. In the GESPIC, elevated baseline CRP

was identified as a strong predictor (OR 4.7 in a multivariable model) of the radiographic

sacroiliitis progression of non-radiographic axial spondyloarthritis to AS after 2 years of fol-

low-up [4]. Furthermore, elevated time-averaged CRP levels (>6 mg/L) relative to levels�6

mg/L were significantly and independently associated with the formation of new syndesmo-

phytes and radiographic progression (defined as an increase of two or more modified Stoke

Ankylosing Spondylitis Spine Score units after 2 years) in the spine in AS [13]. However, in

the Outcome Assessments in Ankylosing Spondylitis International Study cohort, elevated CRP

at baseline in patients with AS did not emerge as an independent predictor for the develop-

ment of new syndesmophytes and/or bridges in the spine at 4 years [15]. These discordant

results potentially resulted from the different durations of the disease in these cohorts [13].

Although the mechanism of AS remains unknown, some evidence indicates that inflamma-

tion plays an important role in the initiation and progression of AS. First, the traditional

pathophysiological hypothesis proposes that gastrointestinal or urogenital infections trigger

spondyloarthritis [16]. These infections may be a source of chronic inflammation, as detected

by elevated CRP levels. Second, two additional hypotheses propose an autoinflammatory

rather than autoimmune origin. Bacterial or mechanical stress induces cytokine production in

inflammatory cells in response to a range of innate immune stimuli, and inflammation occurs

at sites of bacterial or mechanical stress [17]. Third, histological studies show that inflamma-

tory changes in the enthesis are considered a characteristic finding in AS [18]. In addition,

magnetic resonance imaging shows inflammation in the sacroiliac joint and the spine during

the acute phase. Finally, anti-inflammatory treatment with nonsteroidal anti-inflammatory

drugs [19,20] and tumor necrosis factor α inhibitors [21,22,23] are effective in AS patients.

Our study extends the findings of previous studies and provides direct evidence that inflam-

mation could be considered an early feature and/or risk factor for AS.

Our study had a number of potential limitations. First, the Kailuan study, from which our

cohort was drawn, was not a nationwide study, and a large proportion of the participants were

manual workers. Therefore, our findings may not be directly applicable to another population

with a different socioeconomic-status profile. The relationship between baseline hs-CRP and

the incidence of AS should therefore be investigated in other prospective cohorts with different

backgrounds of socioeconomic status and culture. Second, although we conducted a 2-year lag

analysis, the possibility of reverse causality cannot be totally excluded because AS has a long

pre-clinical stage. Third, high levels of CRP can occur in many acute conditions (such as
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infections and allergic reactions) and chronic conditions (such as cardiovascular disease).

Although we could not exclude all these conditions, we conducted a sensitivity analysis using

cumulative average CRP concentrations as an exposure to reduce any bias from acute disease,

and we used a model that included variables that may affect CRP concentrations (such as his-

tory of cardiovascular diseases) to reduce bias from chronic disease. Fourth, we did not mea-

sure other markers of inflammation, such as amyloid A, interleukin 6 or soluble intercellular

adhesion molecule type-1, because these measurements were not routinely conducted in our

hospital. Therefore, further studies including more markers of inflammation are warranted.

In conclusion, systemic inflammation status, as assessed by CRP plasma concentration, pre-

dicts the risk of AS independent of potential confounders. These results provide a test that is

easy to preform and may be used widely in various clinics to predict AS to aid in early diagno-

sis and treatment. Further prospective studies including participants with different cultural

backgrounds and analyses of other markers of inflammation are warranted to attempt to repli-

cate and expand on our findings.
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