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Abstract

Semin Cho

College of medicine, internal medicine

The Graduate School

Seoul National University

Background: This study aimed to evaluate end-stage renal disease 

(ESRD) incidence after the diagnosis of ankylosing spondylitis (AS) 

and the clinical significance of incident ESRD in patients with AS.

Methods: Using the Nationwide Health Insurance Database of South 

Korea, subjects diagnosed with AS between 2009 and 2016 were 

included. The AS group was matched with a control group considering 

age, sex, and inclusion year. The incidence of ESRD in the AS group 

was compared with the control group. In addition, the relationship 

between the incident ESRD and all-cause mortality was analyzed in 

the AS group.

Results: A total of 7,563 patients with AS were enrolled in this study. 
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The patients with AS showed a higher incidence of ESRD than the 

control group after the adjustment of age, sex, body mass index, 

smoking history, income level, and comorbidities (hazard ratio [HR], 

4.11; 95% confidence interval [CI], 1.60-10.57; p-value, 0.003). 

Only age was identified as a risk factor for predicting the 

development of ESRD. In the AS group, the occurrence of ESRD was 

found to increase mortality statistically significantly.

Conclusion: Patients with AS showed a higher risk of ESRD than 

matched control groups even after adjusting comorbidities. 

Furthermore, it was confirmed in AS group that the development of 

ESRD increases all-cause mortality.

Keywords: end-stage renal disease, ankylosing spondylitis, national 

health insurance data

Student Number: 2019-21225
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국문 초록

배경: 본 연구는 강직성 척추염으로 진단받은 이후 말기 신부전의 발생

률을 확인하고, 말기 신부전의 발생이 가지는 임상적 중요성을 보고자

한다.

방법: 대한민국의 국민건강보험공단 자료를 활용하여 2009년부터 2016

년까지 강직성 척추염으로 진단된 환자들을 추출하였다. 강직성 척추염

으로 진단된 환자들의 나이, 성별, 연구에 포함된 년도를 고려하여 대조

군을 설정하였다. 이후 통계 분석을 통해 강직성 척추염으로 진단된 이

후의 말기 신부전 발생률을 대조군과 비교하였다. 또한 강직성 척추염

환자에서의 말기신부전 발생과 사망률과의 관계를 분석하였다.

연구결과: 강직성 척추염군에 총 7,563명이 포함되어 분석되었다. 분석

결과 나이, 성별, 체질량지수, 흡연력, 경제수준, 동반질환을 보정함에도

불구하고 강직성 척추염군에서 대조군에 비해 말기신부전의 발생률이 높

았다. (위험비, 4.11; 95% 신뢰구간, 1.60-10.57; p-value, 0.003) 위험

인자로는 고령일수록 말기 신부전의 발생이 높았다. 강직성 척추염군에

서는 말기 신부전의 발생이 통계적으로 유의하게 사망률의 증가와 관련

이 있었다.

결론: 강직성 척추염으로 진단된 환자들이 동반 질환을 보정한 후에도

대조군에 비해 말기 신부전의 발생 위험이 높았다. 또한 강직성 척추염

군에서 말기 신부전의 발생은 사망률이 높아짐과 연관됨을 확인하였다.

키워드: 말기 신부전, 강직성 척추염, 국민 건강 보험 자료

학번: 2019-21225
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Introduction

End-stage renal disease (ESRD) is a condition in which the 

estimated glomerular filtration rate (eGFR) has decreased to less 

than 15 mL/min/1.73m2. Eventually, it needs renal replacement 

therapy such as hemodialysis, peritoneal dialysis, or kidney 

transplantation. In Korea, the average yearly increase in the 

incidence of treated ESRD patients was 19.4 per million population

between 2009-2010 and 2017-2018.1 ESRD is one of the 

independent risk factors that increase mortality, and the known 

causes of death include cardiovascular disease and infection, etc.2

The cost for dialysis in ESRD patients was estimated to be 1.5 billion 

USD in 2013, which constitutes a considerable portion of the overall 

national health insurance budget compared to the prevalence of 

ESRD.3 Therefore, considering both the medical and social aspects, 

it is crucial to assess the risk of ESRD and predict the likelihood.

Ankylosing spondylitis (AS) is a chronic inflammatory disease 

mainly involving the axial skeleton and sacroiliac joint.4 The 

epidemiologic study of AS in South Korea showed that the prevalence 
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increased linearly by 7.7% annually.5 Common extra-articular 

manifestations are uveitis, psoriasis, and inflammatory bowel disease. 

While the kidney involvement of AS might not be frequent6, it is 

known to show pathological diagnosis such as renal amyloidosis, 

non-steroidal anti-inflammatory drugs (NSAIDs) nephropathy, IgA 

nephropathy.6-8 The extraarticular manifestation including kidney 

could be a consequence of uncontrolled systemic inflammation.9 As a 

feature of AS, chronic systemic inflammation affects the entire body, 

such as coronary heart disease, metabolic syndrome, diabetes 

mellitus, and aging, through reactive oxygen species and several 

inflammatory cytokines.10-13

This study was aimed to evaluate the risk of progression to ESRD 

after diagnosis of AS using national health insurance data.
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Methods

2.1 Ethical consideration

This study complied the Declaration of Helsinki. The institutional 

review board of Seoul National University Hospital (institutional 

review board no. E-1906-002-1035) approved the study. The 

attending government organization approved the usage of the 

National Health Insurance Service (no. NHIS-2020-1-047).

2.2 Study population

Nationwide population-based data from the National Health 

Insurance Database of South Korea from January 2009 to December 

2016 were reviewed. Patients newly diagnosed with AS were 

selected from 2009 to 2016 through the specific diagnostic code for 

the registration system of the rare incurable disease. The exclusion 

criteria were as follows: 1) age less than 19 years, 2) previously 

diagnosed with ESRD, 3) previously treated with hemodialysis, 

peritoneal dialysis, and kidney transplantation.
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The control group without the diagnosis of AS and history of renal 

replacement therapy before was matched 1:1 with the AS group

considering age, sex, and inclusion year through age-sex 

stratification matching.

2.3 Data collection

Data from the National Health Insurance Database was reviewed and 

collected. Demographic characteristics included age, sex, body mass 

index (BMI), smoking history, and income level. Medical history of 

hypertension, diabetes mellitus, congestive heart failure, and cancer 

was collected as comorbidities. The medications, including NSAIDs, 

steroids, disease-modifying anti-rheumatic drugs (DMARDs), and 

tumor necrosis factor-α (TNF-α) inhibitors, were investigated in the 

AS group analysis.

2.4 Study outcomes

The primary outcome was to identify the incidence of ESRD after 
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diagnosis of AS. Incident ESRD was defined as a case in which a 

specific code for hemodialysis or peritoneal dialysis was issued for 

more than 90 days and kidney transplantation after the diagnosis of 

AS. The analysis for predictive risk factor for progression to ESRD 

in the AS group was conducted. The secondary outcome was the 

effect of incident ESRD on the prognosis of AS patients as all-cause 

mortality.

2.5 Statistical analysis

The continuous variables were presented as mean ± standard 

deviation and categorical variables as a percentage. The student t-

test and chi-squared test were used to investigate the difference 

between the AS and the control group. Incidence of ESRD in those 

two groups were expressed by the number of events by 1,000 

person-years. The cumulative incidences of ESRD were examined 

by the Kaplan-Meier method and the log-rank test. Cox proportional 

hazard regression models were used to calculate the hazard ratio (HR) 

and 95% confidence interval (CI) for the risk of incident ESRD in AS 
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patients. The SAS 9.4 program (SAS Institute) was used to perform 

the statistical analysis. A p-value <0.05 was considered statistically 

significant.
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Results

3.1 Baseline characteristics

A total of 7,563 patients with AS and age, sex, and inclusion year-

matched control group were enrolled in the study (Figure 1). 

Baseline characteristics, including demographic data, comorbidities, 

and medications are shown in Table 1. There was no difference in 

age and sex ratio and no statistically significant difference in smoking 

history and prevalence of hypertension in the AS and control group. 

The AS group was lighter, lower economic status, and had a higher 

prevalence of congestive heart failure and cancer than the control 

group. In addition, the rate of using all medications (NSAIDs, steroids, 

DMARDs, and TNF-α inhibitors) was statistically significantly higher 

in the AS group than the control group.

3.2 Incidence and risk factors of ESRD

The incidence of ESRD was higher in the AS group than in the 

control group. The HR of incident ESRD in the AS group was 3.90 
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(95% CI, 1.49-8.02; p-value, 0.004) after adjustment for age, sex, 

BMI, smoking history, income level, and presence of hypertension, 

diabetes mellitus, congestive heart failure and cancer. After 

additional adjustment for medications including NSAIDs, DMARDs, 

steroids and TNF-α inhibitors, the HR of incident ESRD in the AS 

group was still higher than in the control group (HR, 4.11; 95% CI, 

1.60-10.57; p-value, 0.003) (Table 2). Higher incidence probability 

of ESRD in the AS group than the control group was shown in Figure 

2.

Among the clinical characteristics, only age is an independent risk 

factor for incident ESRD in AS patients (HR, 1.07; 95% CI, 1.03-

1.11; p-value <0.001). The comorbidities such as hypertension and 

diabetes mellitus and history of NSAIDs were not related to increase 

the incident ESRD in the AS group (Table 3).
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Figure 1. Flow chart

Total patients registered as ankylosing spondylitis
Jan 1, 2009 to Dec 31, 2016

N=26,655

Exclusion criteria;
1) Age <20 year (N=1,677)
2) Under hemodialysis or peritoneal dialysis 
before AS diagnosis (N=46)
3) Receiving kidney transplantation before AS 
diagnosis (N=2)
4) Not receiving national health examination 
within 2 years (N=14,043)
5) No accurate data for demographic information 
during follow-up duration (N=120)

Eligible population
N=10,767

AS group
N=7,563

1:1 match with control group considering 
age, sex, and inclusion year

Control group
N=7,563
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Figure 2. Incidence probability of ESRD in the AS group and the control group
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Figure 2. Incidence probability of ESRD in the AS group and the control group
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Table 1. Baseline characteristics of the AS group and the control group

AS

(N=7,563)

Control

(N=7,563)
p-value

Age (years) (%) 1

  20-29 548 (7.25) 548 (7.25)

  30-39 1,785 (23.60) 1,785 (23.60)

  40-49 2,004 (26.50) 2,004 (26.50)

  50-59 1,733 (22.91) 1,733 (22.91)

  60-69 1,003 (13.26) 1,003 (13.26)

  ≥70 490 (6.48) 490 (6.48)

Male (%) 5,394 (71.32) 5,394 (71.32) 1

BMI (%) 0.007

  Underweight* 186 (2.46) 127 (1.68)

  Normal weight* 4,627 (61.18) 4,629 (61.21)

  Overweight* 2,391 (31.61) 2,458 (32.50)

  Obesity* 359 (4.75) 349 (4.61)

Smoking history (%) 0.042

  Never smoker 3,631 (48.01) 3,641 (48.14)

  Ex-smoker 1,561 (20.64) 1,449 (19.16)

  Current smoker 2,371 (31.35) 2,473 (32.70)

Income level (%) <0.001

  1st quartile 1,523 (20.14) 1,392 (18.41)

  2nd quartile 1,306 (17.27) 1,456 (19.25)

  3rd quartile 2,043 (27.01) 2,182 (28.85)

  4th quartile 2,691 (35.58) 2,533 (33.49)

Comorbidities (%)

Hypertension 992 (13.12) 1,070 (14.15) 0.065

Diabetes mellitus 399 (5.287) 519 (6.86) <0.001

Congestive heart 

failure 

36 (0.48) 20 (0.26) 0.032

Cancer 216 (2.86) 157 (2.08) 0.002

Medications (%)

NSAIDs 6,202 (82.00) 4,349 (57.50) <0.001

Steroids 2,705 (35.77) 1,172 (15.50) <0.001

DMARDs 3,984 (52.68) 33 (0.44) <0.001

TNF-α inhibitors 79 (1.04) 0 (0) <0.001

Abbreviation: AS, ankylosing spondylitis; BMI, body mass index; NSAIDs, 

non-steroidal anti-inflammatory drugs; DMARDs, disease-modifying anti-

rheumatic drugs
*Underweight: BMI <18 kg/m2, normal weight: 18≤BMI<25 kg/m2, 

overweight: 25≤BMI<30 kg/m2, obesity: ≥30 kg/m2
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Table 2. Incidence rate and risk of ESRD in the AS group compared with the control group

Total 

No.
ESRD IR* Univariate Model 1** Model 2***

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Control 7,563 7 0.17 1 (reference) 1 (reference) 1 (reference)

AS 7,563 24 0.59 3.46 (1.49-8.02) 0.004
3.90 (1.67-

9.09)
0.002

4.11 

(1.60-10.57)
0.003

*IR: incidence rate per 1000 person-years

**Model 1 was adjusted for age, sex, BMI, smoking history, income level, and presence of hypertension, DM, 

congestive heart failure and cancer.

***Model 2 was adjusted for age, sex, BMI, smoking history, income level, presence of hypertension, DM, congestive 

heart failure, cancer and medications (NSAIDs, DMARDs, steroids, and TNF-α inhibitors).
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Table 3. Risk factors for incident ESRD in the AS group

Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Age 1.08 (1.04‒1.11) <0.001 1.07 (1.03‒1.11) <0.001

Male 0.42 (0.19‒0.94) 0.036 0.35 (0.12‒1.07) 0.066

BMI 0.999 0.980

  Underweight* 0 (0) 0 (0)

  Normal weight*
1 (reference) 1 (reference)

  Overweight*
1.05 (0.44‒2.47) 0.86 (0.36‒2.06)

  Obesity*
0.93 (0.12‒7.05) 0.71 (0.09‒5.54)

Smoking history (%) 0.801 0.308

  Never smoker 1 (reference) 1 (reference)

  Ex-smoker 0.73 (0.24‒2.25) 1.46 (0.37‒5.71)

  Current smoker 0.78 (0.31‒1.96) 2.47 (0.76‒8.01)

Income level (%) 0.667 0.968

  1st quartile 1 (reference) 1 (reference)

  2nd quartile 0.52 (0.13‒2.08) 0.78 (0.19‒3.14)

  3rd quartile 0.55 (0.17‒1.81) 0.85 (0.26‒2.84)

  4th quartile 0.87 (0.32‒2.40) 1.03 (0.37‒2.89)

Comorbidities (%)

Hypertension 3.46 (1.48‒8.09) 0.004 2.29 (0.95‒5.53) 0.066

Diabetes mellitus 2.86 (0.85‒9.59) 0.089 2.21 (0.65‒7.59) 0.206

Congestive heart failure 0 (0) 0.991 0 (0) 0.998

Cancer 1.79 (0.24‒13.25) 0.570 1.20 (0.16‒9.04) 0.862

Medications (%)

NSAIDs 0.58 (0.24‒1.40) 0.223 0.49 (0.20‒1.19) 0.114

Steroid 1.36 (0.59‒3.13) 0.466 1.11 (0.47‒2.59) 0.817

DMARDs 0.72 (0.32‒1.60) 0.419 0.96 (0.42‒2.20) 0.930

TNF-α inhibitors 0 (0) 0.990 0 (0) 0.995
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3.3 Effect of incident ESRD on all-cause mortality

Table 4 shows the effect of incident ESRD on all-cause mortality.

The AS patients with ESRD had a higher mortality rate than those 

without ESRD even after adjusting age, sex, BMI, smoking history, 

income level, and presence of hypertension, diabetes mellitus, 

congestive heart failure and cancer (HR, 4.95; 95% CI, 1.96-12.54; 

p-value, 0.001).
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Table 4. Risk of all-cause mortality in the AS group with or without ESRD

Model 1* Model 2**

HR (95% CI) p-value HR (95% CI) p-value

AS without ESRD 1 (reference) 1 (reference)

AS with ESRD 13.36 (5.45-32.76) <0.001 4.95 (1.96-12.54) 0.001

*Model 1 was non-adjusted.

**Model 2 was adjusted for age, sex, BMI, smoking history, income level, 

and presence of hypertension, diabetes mellitus, congestive heart failure 

and cancer.
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Discussion

This nationwide retrospective cohort study was conducted to 

investigate the incidence of ESRD in AS patients. This study is the 

first analysis that the evaluation of incident ESRD after diagnosis of 

AS in South Korea. Since 2006 in Korea, National Health Insurance 

started the registration system for rare incurable diseases and 

provided medial expenses reduction benefits to the patients. As AS 

belongs to the rare incurable diseases system, the precise prevalence 

could be determined.

Chronic systemic inflammation affects the vital organs and the 

pathogenesis of various diseases including chronic kidney disease

(CKD) through severel mechanisms. Monocytes and endothelial 

cells that primarily secret inflammatory cytokines play an important 

role in systemic inflammation. Considering the ubiquitous distribution 

of endothelial cell and kidney blood flow, kidney is one of the organs 

vulnerable to systemic inflammation.14 Various inflammatory 

cytokines are known to cause progressive glomerular injury.15-18

Inflammatory cytokines such as TNF-α, TNF-β, interleukin-1 (IL-
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1), IL-6 are known to cause mesangial cell growth,19, 20 extracellular 

matrix production,21 procoagulant activity of endothelium,22

production of reactive oxygen species23 and expression of adhesion 

receptors,24 bioactive lipids,25 and metalloproteinase.26,28 Various 

blood biomarkers suggesting inflammation have revealed that the 

degree of systemic inflammation is related to the progression of 

CKD.27-29 Several studies have been conducted the renal failure in 

various diseases characterized by chronic inflammation. One study

found that the risk of ESRD was elevated in patients with Crohn’s 

disease (adjusted HR, 6.33; 95% CI, 2.75-14.56) not in patients with 

ulcerative colitis, so they recommend to monitor carefully for renal 

insufficiency in patients with Crohn’s disease.5 A meta-analysis to 

investigate the risk of CKD and ESRD in patients with psoriasis 

showed that patients with psoriasis had a higher risk of incident CKD 

(risk ratio [RR], 1.34; 95% CI, 1.14-1.57) and ESRD (RR, 1.29; 95% 

CI, 1.05-1.60).30 Celiac disease is an immune-mediated disease with 

a prevalence of about 1% worldwide.31 One prospective cohort study 

showed that the patients with biopsy-proven celiac disease suffer an 

increased risk of subsequent ESRD (adjusted HR, 2.98; 95% CI, 

2.22-3.71).32
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There were several researches to evaluate the renal complication in 

AS. A cross-sectional study showed that renal impairment in AS 

patients was associated with age, HLA-B27 negativity, and elevated 

acute phase reactants such as C-reactive protein and erythrocyte 

sedimentation rate.15 They hypothesized that chronic inflammation 

could cause renal impairment through atherosclerosis. However, one 

nationwide retrospective cohort study was conducted in Taiwan 

using national health insurance database and showed that the risk of 

incident ESRD in AS patients.1 They defined treated AS group as 

having at least three ambulatory visits with an AS diagnostic code 

and concurrent prescription of NSAIDs, sulfasalazine, methotrexate, 

and steroids. Compared with the non-AS group 1:10 matched with 

the treated AS group for age, sex and index date, the incidence of 

ESRD in the treated AS group was statistically significantly lower 

than the non-AS group (incidence rate ratio, 0.39; 95% CI, 0.29-

0.51). After additional adjustement for NSAIDs, there was no 

significantly difference in incident ESRD between the treated AS 

group and non-AS group.

Unlike previous study, the results of this study showed that incident 
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ESRD was more commonly found in the AS group than the control 

group even after adjusting age, sex, BMI, smoking history, income 

level, comorbidities, and medications. Multivariate logistic regression 

was conducted to figure out the predictive risk factor of progression 

to ESRD, and only the age was related to increase the risk of ESRD.

Furthermore, incident ESRD was related to increase all-cause 

mortality in AS patients. Regarding the pathophysiology of AS, 

chronic inflammation could affect the patient’s kidney function 

through damage to cells composing kidney, fibrosis, ROS production, 

and dysregulation of vascular structure by several inflammatory cell 

and cytokines.

There were several limitations in this study. This study is the 

retrospective cohort study. But, based on nationwide insurance 

database, the number of subjects is relatively large compared with 

previous studies. Second, despite using national insurance data, the 

number of outcomes was absolutely small, so that it was difficult to 

prove the statistical significance at the analysis of risk factor of 

incident ESRD. Third, this study did not use the result of blood test 

such as serum creatinine and urine test, because we used data only 
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from specific diagnostic code registration for rare incurable disease 

and drug claims data. If only the patient with available blood or urine 

test results were included, the number of study subjects would have 

decreased and also the statistical power would have been difficult to 

obtain. Fourth, the result of the control group in this study may seem 

underestimated. According to the report of the Korean Society of 

Nephrology in 2015, there were 12,865 newly diagnosed ESRD 

patients in South Korea (250 per million population).33 This can be 

explained as a selection bias for the age group and sex ratio, 

considering the 1:1 matching that considered age and sex with the 

AS group.

Despite some limitations, this study aimed to identify the incidence 

of ESRD after diagnosis of AS, and relationship between incident 

ESRD and mortality. The results supported that the renal impairment

is dominant in AS patients compared with general population, so I 

suggest that the evalution of kidney function in AS patients is 

important. Further studies with serological, pathological, and 

molecular approach will help to understand the causal relationship 

between AS and renal impairment.
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