
Objective: The purpose of this nationwide longitudinal follow-up study was to investigate the risk of congestive heart failure (CHF) 
in pyogenic spondylitis (PS) patients in Korea. 
Methods: A total of 628 patients were enrolled in the PS group from January 1, 2004 to December 31, 2015 from the National 
Health Insurance Service Health Screening cohort. PS was identified using the International Classification of Disease, 10th revision 
codes M46.2–M46.8 and M49.2–M49.3. The control group consisted of 3,140 subjects with 1:5 age- and sex-stratified matching. 
The 12-year CHF incidence rates in the PS and control groups were compared by the Kaplan-Meier method. The hazard ratio of CHF 
was estimated by Cox proportional-hazards regression analysis. 
Results: During the 12-year follow-up period, 16 patients (2.55%) in the PS group and 43 (1.47%) in the control group developed 
CHF. The hazard ratio of CHF in the PS group was 6.32 (95% confidence interval [CI], 3.39–11.81) after adjusting for sex and age. The 
hazard ratio of CHF in the PS group was 6.49 (95% CI, 3.47–12.15) after adjusting for sex, age, and income. The hazard ratio of CHF 
in the PS group was 6.58 (95% CI, 3.50–12.40) after adjusting for sex, age, income, and comorbid medical disorders. In subgroup 
analyses, all subgroups showed higher CHF incidence rates in the PS group than in the control group. 
Conclusion: Our nationwide longitudinal study shows a higher incidence rate of CHF in PS patients. 
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Introduction 

Pyogenic spondylitis (PS) is an infection of the spine associated 

with severe morbidity and mortality [1]. It is an uncommon but 
life threatening disease which encompasses a broad range of clini-
cal entities, including pyogenic spondylodiscitis, septic discitis, 
vertebral osteomyelitis, and epidural abscess [2]. PS patients have 
a higher risk of death due to cardiovascular diseases such as isch-
emic heart diseases and stroke [3]. Thus far, there has been no na-
tionwide or large data-based study of the relationship between 
congestive heart failure (CHF) and PS. Our nationwide longitudi-
nal follow-up study is not only the largest data thus far but also in-
cludes possible confounding factors, such as hypertension, diabe-
tes, and dyslipidemia. The aim of the present study is to assess the 
risk of CHF in PS patients in Korea. 
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Material and Method 

Data source 
The National Health Insurance Service (NHIS) database, which 
covers 97% of the population in South Korea, was used for this 
study. All healthcare providers must submit medical claims to the 
NHIS for review and reimbursement. The NHIS provides annual 
or biannual health examinations for non-office or office workers 
aged > 40 years, respectively. The collected patient data (e.g., de-
mographic profiles, health insurance claims data, death certificates, 
disability certificates, and national health check-up results) are 
stored in the National Health Information Database (NHID). 
Representative data from the NHIS’s longitudinal cohort are pub-
licly available for research purposes. The Sample Research Cohort 
Database [4,5] and the NHIS-HEALS [6] cohort database con-
tain patient data collected dating back to 2002, statistically sampled 
from the NHID. The data in this study were obtained from the 
NHIS-HEALS cohort from 2004 to 2015. 

The present study was approved by the institutional review 
board (IRB) of the CHA University, CHA Bundang Medical Cen-
ter (IRB No. 2020-01-011). The need for informed consent was 
waived because the data consist of de-identified secondary data re-
leased for research purposes. 

Study design 
The PS group consisted of subjects who were newly diagnosed 
with PS (International Classification of Disease, 10th revision 
[ICD-10] Code M46.2–M46.8 and M49.2–M49.3) after Janu-
ary 1, 2004 and who also had a history of hospitalization. The 
CHF patients were defined by ICD-10 codes (I50) and hospital-
ization ≥ 1 [7–9]. Subjects in this study were followed from the 
first occurrence of CHF until death or end of follow-up (which-
ever occurred first). We evaluated the risk of CHF after adjusting 
for age, sex, and comorbidities (including hypertension, diabetes 
mellitus, and dyslipidemia). Information about preexisting co-
morbidities was obtained by retrieving all ambulatory medical 
care and inpatient records from the NHIS-HEALS cohort data-
base. 

Establishment of study cohort 
We extracted 10,890 PS subjects from a total of 515,547 patients in 
the NHIS-HEALS cohort. After removing 10,237 subjects with-
out a history of hospitalization, 653 patients in total remained. An-
other 177 subjects who were diagnosed with PS before January 1, 
2004 were excluded. Ultimately, 628 subjects were included in our 
base cohort. Through a 1:5 age- and sex-stratified matching per-
formed by a greedy digit match algorithm [10], 3,140 subjects 

were included in the control group. Subjects in both groups were 
followed up to December 31, 2015 (Fig. 1).  

Statistical analysis  
The Kaplan-Meier method was used to estimate the CHF-free 
survival probabilities in the PS and control groups. The mean dif-
ferences in the demographic characteristics and comorbidities be-
tween the two groups were compared using the chi-square test and 
Student t-test. The Wilcoxon’s log rank test was used to evaluate 
the differences in disease-free survival of the two groups. Multivar-
iate analyses in the Cox proportional hazard regression model were 
conducted to estimate the effect of PS on CHF. Three Cox pro-
portional hazard regression models were used in this study. Model 
1 estimated the CHF incidence after adjusting for sex and age. In 
Model 2, age, sex, and income (low income was defined as the 
composite of the lowest quartile of yearly income in addition to 
medicare beneficiaries [11,12]) were adjusted. In Model 3, age, 
sex, income, and other comorbidities were adjusted. The analyses 
were performed using R software (ver. 3.3.3). 

Results 

Characteristics of the PS and control groups 
The PS group consisted of 628 patients during the study period. 
Males constituted 51.4% of this group, and females 48.6%. The 
mean age of the patients was 59.09 ± 9.35 years old. There were 
significant differences between the two groups in the prevalence of 
diabetes mellitus (P < 0.01) (Table 1). 

CHF in the PS and control groups 
The CHF incidence rate in the PS group was significantly higher 

Korean NHIS database (n=515,547)

Pyogenic spondylitis with ICD-10 
code M46.2–M46.8 and  

M49.2–M49.3 (n=10,890)

Pyogenic spondylitis with 
hospitalization ≥1 (n=653)

Newly diagnosed pyogenic 
spondylitis after 2004.01.01 (n=628)

Control group enrolled after 
2004.01.01 (n=3,140)

10,237 Subjects without hospitalization 
during 1 year excluded

177 Subjects diagnosed before 
2004.01.01 excluded

1:5 age- and sex- startified matching

Fig. 1. Flow of cohort establishment. This study was a 12-year 
longitudinal cohort study established with the NHIS-HEALS co-
hort. NHIS, National Health Insurance Service.
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than that in the control group (P = 0.05, Fig. 2). The Kaplan-Meier 
curves with cumulative hazards of CHF showed that the PS group 
was more likely to develop CHF than the control group. In a multi-
variate analysis of Cox proportional-hazards regression model 1, 
the hazard ratio of CHF in the PS group was 6.32 compared to the 
control group (95% confidence interval [CI], 3.39–11.81; Table 
2). In a multivariate analysis of model 2, the hazard ratio of CHF in 
the PS group was 6.49 (95% CI, 3.47–12.15; Table 2). In a multi-
variate analysis of model 3, the hazard ratio of CHF in the PS 
group was 6.58 (95% CI, 3.50–12.40; Table 2). 

Table 1. Characteristics of the PS and control group

Characteristic PS (n=628) Control (n=3,140) P-value
Male 323 (51.4) 1,615 (51.4) 1
Age (yr) 59.09±9.35 59.09±9.35 1
Age ≥65 yr 199 (31.7) 995 (31.7) 1
Low income 161 (25.6) 840 (26.8) 0.6
Diabetes 83 (13.2) 289 (9.2) <0.01a)

Hypertension 268 (42.7) 1,241 (39.5) 0.15
Dyslipidemia 99 (15.8) 486 (15.5) 0.9
Myocardial infarction 10 (1.6) 53 (1.7) 1

Values are presented as number (%) or mean±standard deviation.
PS, pyogenic spondylitis.
a)Statistical significance.
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Fig. 2. Kaplan-Meier curves with cumulative hazards of conges-
tive heart failure in the pyogenic spondylitis and control groups.

Table 2. Adjusted hazard ratios for incident CHF in the PS and control groups

Disease Group n Event Duration (day) Duration (yr) Incidence rate (%)
Hazard ratio (95% CI)

Model 1 Model 2 Model 3
CHF Control 3,140 43 12,967,674 35,527.874 1.210 1 1 1

PS 628 16 930,873 2,550.337 6.274 6.32 (3.39–11.81) 6.49 (3.47–12.15) 6.58 (3.50–12.40)

CHF, congestive heart failure; PS, pyogenic spondylitis; CI, confidence interval; Model 1, adjusted for age and sex; Model 2, adjusted for age, sex, and 
income; Model 3, adjusted for age, sex, income, diabetes, hypertension, and dyslipidemia.

Subgroup analysis of CHF in the PS and control groups 
In both the male and female subgroups, CHF incidence rates were 
significantly different between PS and control group (95% CI, 
2.05–16.81 and 2.78–14.71, respectively; Table 3). In both age 
subgroups ( < 65 and ≥ 65 years), CHF incidence rates were sig-
nificantly different between the PS and control group (95% CI, 
7.14–115.60 and 1.99–8.79, respectively; Table 3). In both the 

Table 3. Subgroup analyses between the PS and control group

Variable Category
PS Control

Hazard ratio (95% CI)
n Incidence rate (%) n Incidence rate (%)

Sex Male 7 5.745 16 0.943 6.51 (2.05–16.81)
Female 9 6.758 27 1.454 6.39 (2.78–14.71)

Age <65 years 6 3.458 5 0.201 28.73 (7.14–115.60)
≥65 years 10 12.264 38 3.562 4.18 (1.99–8.79)

Diabetes N 13 5.938 34 1.052 6.18 (3.10–12.33)
Y 3 8.306 9 2.806 7.42 (1.77–31.13)

Hypertension N 7 4.598 22 1.018 5.23 (2.13–12.88)
Y 9 8.756 21 1.508 8.11 (3.32–19.78)

Dyslipidemia N 13 5.968 33 1.099 6.60 (3.27–13.32)
Y 3 8.064 10 1.821 6.33 (1.55–25.93)

PS, pyogenic spondylitis; CI, confidence interval.
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non-diabetes and the diabetes subgroups, CHF incidence rates 
were significantly different between the PS and control group 
(95% CI, 3.10–12.33 and 1.77–31.13, respectively; Table 3). In 
both the non-hypertension and the hypertension subgroups, CHF 
incidence rates were significantly different between the PS and 
control group (95% CI, 2.13–12.88 and 3.32–19.78, respectively; 
Table 3). In both non-dyslipidemia and the dyslipidemia sub-
groups, CHF incidence rates were significantly different between 
the PS and control group (95% CI, 3.27–13.32 and 1.55–25.93, 
respectively; Table 3). 

Discussion 

In this study, we compared the incidence of CHF in PS patients 
using claims data from the NHIS-HEALS cohort database and 
showed that PS was associated with an increased risk of CHF after 
adjusting for sex, age, income, and other comorbidities. Our study 
also showed that PS was associated with an increased prevalence of 
diabetes mellitus. 

The reported incidences of PS are increasing due to increased 
life expectancy; the popularity of spinal, percutaneous invasive 
interventions; and advanced diagnostic methods [1,13–16]. In 
cases of hematogenous spreading pathogens in PS, Staphylococ-
cus aureus is the predominant pathogen, accounting for half of 
non-tuberculous cases [17–19]. S. aureus, which is most often 
associated with healthcare contact and invasive procedures, is 
also the most common pathogen source of infective endocarditis 
(IE) [20]. An association between PS and IE has been frequently 
reported in early and recent reviews on spontaneous PS and 
raised the question of possibility of their relationship [21,22]. 
Based on our study, we may ask that the preexisting condition of 
IE may infect the spine while the IE deteriorates into CHF. We 
do not know whether PS occurs as a complication of IE or vice 
versa, but we do know based upon past studies that IE is an un-
common infection of the cardiac valves, where CHF is the most 
important complication [23]. Varma et al. [24] reported that 31 
(78%) of 40 consecutive patients (aged 13–79, mean 44 years) 
with IE had CHF at presentation. Mills et al. [25] also reported 
that out of 144 patients with IE, 79 (55%) developed CHF. 
Thus, we suggest that the high incidence of CHF in PS may be 
related to the high association between IE and PS. Although 
there are several studies showing that CHF is one of the most 
common underlying diseases that accompanies PS [26,27], there 
has been no further studies discussing their relationship which is 
why studies of PS and its link to both IE and CHF should be 
conducted. 

The CHF incidence rate was significantly higher in PS patients 

in the male/female, age < 65 years/age ≥ 65 years, non-hyperten-
sion/hypertension, non-diabetes/diabetes and non-dyslipidemia/
dyslipidemia subgroups (Table 3). Therefore, we can conclude 
that among PS patients, careful and thorough medical care should 
be advised for both male/female patients, hypertension/non-hy-
pertension patients, diabetes/non-diabetes patients, and dyslipid-
emia/non-dyslipidemia patients. 

Several limitations of this study should also be noted. First, due 
to the intrinsic limitations of the NHIS-HEALS cohort database, 
there is a lack of information with regard to pathogen types associ-
ated with PS patients. Second, clinical severity information and ra-
diological data were not provided. Thus, patients’ current medical 
conditions were not accurately reflected [28]. Third, the data for 
this study was extracted from the NHIS which is why risk factors 
such as smoking, alcohol abuse, family history, and obesity were 
not included due to its limited access and the possible debate on 
accuracy. Nonetheless, this is the first nationwide longitudinal co-
hort study to assess the association between CHF and PS among 
Korean patients. 

Conclusion 

In conclusion, this nationwide longitudinal follow-up study shows 
an increased risk of CHF in PS patients. Based on this study, we 
emphasize that the increased risk of CHF should be kept in mind 
by those involved in the management of PS patients. 
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