Increased risk of intracerebral hemorrhage among chronic osteomyelitis patients
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Abstract

Object. Inflammatory processes may provoke cerebral arteriolar ectasia inducing microaneurysm formation and further promoting intracerebral hemorrhage (ICH). Chronic osteomyelitis (COM) is an inflammatory disorder lacking study on its role in ICH. This study explored whether COM increases the ICH risk.
Methods. From Taiwan national insurance inpatient claims, 2,2052 patients newly diagnosed with COM from 1997 to 2010 were identified and 8,8207 age and sex frequency matched subjects without COM were selected at random for comparison. Risks of ICH associating with COM and comorbidities, including hypertension, diabetes, hyperlipidemia, chronic kidney disease and drug abuse, were assessed by the end of 2010. 
Results. The incidence of ICH was 1.68-time higher in the COM cohort than in the comparison cohort, with an adjusted hazard ratio (HR) of 1.50 (95% confidence interval (CI): 1.29-1.74) estimated in the multivariable Cox model. Age-specific analysis showed that the HR of ICH for COM patients decreased as they aged, with the adjusted HRs of 3.28 (95% CI: 1.88-5.75) in the <40 age group, which declined to 1.11 (95% CI: 0.88-1.40) in the elderly. The incidence of ICH increased with the severity of COM and had an adjusted HRs of 4.42 (95% CI 3.31-5.89) for those with severe COM. For subjects without the comorbidities, the incidence of ICH was 1.20-fold (95% CI: 1.00-1.45) higher in the COM cohort than in the comparison cohort. 
Conclusion. This study suggests for the first time that COM is an inflammatory factor associated with increased risk of ICH, especially for the younger patients.
Key Words  •  Inflammatory disease  •  Chronic infection • Chronic osteomyelitis  •  Intracerebral hemorrhage
Stroke, either ischemic stroke or intracerebral hemorrhage (ICH), is the leading cause of disability and one of the leading causes of death in adults.1-3 Patients with ICH are at higher risk of disability than those with ischemic stroke, inclusive greater economic and healthcare burdens. Exhibiting in 10-20% of all strokes,1-3 ICH has been associated with both non-infectious and infectious factors1-6. Studies have shown that intravenous drug use related systemic infections increased the risk of cerebral vascular infection and subsequent rupture of mycotic aneurysms in cerebral arterioles.4-6 Among non-infectious factors, pathological changes in the cerebral arterioles including proliferation and death of arteriolar smooth muscle cells, and arteriolar ectasia with microaneurysm formation1 in the cerebral arterioles, may subsequently lead to the rupture of arteriolar microaneurysm causing ICH,1-3 These non-infectious pathological changes can be triggered by some conventional risk factors for ICH, such as hypertension,1-3,7-11 diabetes,1,3,7-10 hyperlipidemia,7,9,10 and chronic kidney disease (CKD).8,12 However, risk factors for 10-25% of ICH patients remain unclear,10,11 especially in the younger population.11,13,14
Studies have well evidenced the role of chronic inflammations in triggering arterial ectasia and microaneurysm formation in coronary artery.13-15 Studies have also associated ICH with similar chronic inflammatory cerebral arterioles due to viral infections of varicella-zoster virus (VZV)16,17 and human immuno-deficiency virus (HIV),17,18 and autoimmune disorders like rheumatoid arthritis (RA)19,20 and systemic lupus erythematosus (SLE).20,21 The hemorrhagic stroke is more prevalent in patients with RA. However, the mechanism of inflammation-related arteriolar eactasia and succeeding microaneyrysm formation and rupture remains unclear.
Chronic osteomyelitis (COM) is a chronic inflammation induced by bone infection that may maintain severe inflammatory conditions in the foci because of forming abscesses, bone debris, and sinus tracts.22 No study has indicated a link between this type of inflammatory disease and the risk of ICH. With the advantage of a large number of population covered in the National Health Insurance (NHI) of Taiwan, this study used the inpatient claim database to investigate the correlation between COM and ICH in a 14-year follow-up period.
Methods
Data source

This was a retrospective cohort study using all inpatient claims data acquired for the period of 1996-2010 from the insurance system, which was reformed in 1995 by the Ministry of Health in Taiwan, with more than 99% of the 23 million residents covered by 1999.23-26 Information available in the inpatient claims consisted of patient demographic status, registered medical facilities and cares provided. The identification numbers of patients that used for linking data files had been scrambled before releasing to users to protect the privacy of insured residents. Thus, this study needed no full review from the ethical review committee. Diseases diagnoses were coded with the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM). To prevent medical fraud overbilling healthcare or inappropriate claims based on unconfirmed diagnosis, NHI has imposed rigorous rules on disease coding and established an ad hoc committee to monitor medical claims. Violations receive penalties. The inpatient data were particularly reliable for studies to investigate the stroke risk in patients with COM.23-26
Study subjects
From the NHI inpatient database, patients with COM (ICD-9-CM code 730.1) newly diagnosed from January 1, 1997 to December 31, 2010 without the history of stroke (ICD-9-CM codes 430-438) were identified as the COM cohort. The first date of COM diagnosis was defined as the entry date. The comparison cohort was composed of subjects, 4-fold of the COM cohort, randomly selected from insured residents with neither COM nor stroke frequency matched by age, gender and the entry date.
Outcome and relevant variables
Both the COM cohort and the comparison cohort were followed until the end of 2010 to estimate the incident cases with the diagnosis of ICH (ICD-9-CM code 431). Variables that were also relevant to ICH were age, gender, and comorbidities, such as hypertension (ICD-9-CM codes 401.0-405.99), diabetes (ICD-9-CM codes 250.00-250.93), hyperlipidemia (ICD-9-CM codes 272.0-272.4), CKD (ICD-9-CM code 585) and drug abuse (ICD-9-CM codes 304.00-304.03, 304.10-304.13, 304.20-304.23, 304.30-304.33, 304.40-304.43, 304.70-304.73, 305.20-305.23, 305.40-305.43, 305.50-305.53, 305.60-305.63, 305.70-305.73, 965.00, 965.01, 965.02, 965.09, 967.0). Incident cases of ICH were also measured in association with these factors.
Statistical analysis

The Chi-square test and t-test were used to evaluate the distributions of discrete and continuous variables, respectively, between the COM cohort and the comparison cohort. The incidence of ICH was measured as per 1000 person-years, counted from the entry dates to the first dates of the occurrence of ICH, withdrawal from the insurance program, death, or the end of 2010. Poisson regression analysis estimated the COM cohort to the comparison cohort incidence rate ratio (IRR) and 95% confidence interval (CI) by sex, age and comorbidities. Further analysis plotted the cumulative proportional incidences of ICH using the Kaplan-Meier model for both cohorts and applied the log-rank test to examine the difference. The Cox proportional hazards regression model was used to study the corresponding hazard ratios (HRs) of ICH. The Cox model also measured HRs by age group (<40, 40-54, 55-64 and ≥65 years) for the relation with sex and comorbidity. Additional analysis estimated the HRs derived from the joint effect of COM and comorbidities.
Data analysis also evaluated the ICH risk associated with the severity of COM. We calculated the length of hospital stay due to COM during the follow-up period for each patient to represent the severity, which was divided by the total length of follow-up time to present the life time portion of hospitalization.24-26 Patients were classified by COM severity into tertiles: patients in the lower tertile were considered as mild cases, in the second tertile as moderate cases and in the higher tertile as severe cases. Incidence of ICH was estimated for each level and HR was measured comparing with the comparison cohort.
Results
Males dominated the study cohorts (66.5%) and near one third subjects were the elderly (Table 1). Compared with the comparison cohort, the COM cohort were more prevalent with common comorbidities relating to the development of ICH, including hypertension, diabetes, hyperlipidemia and CKD (p<0.0001).
The overall incidence rate of ICH was 1.68-time greater in the COM cohort than in the comparison cohort (2.23 and 1.34 per 1000 person-years, respectively) (Table 2). The incidence was slightly higher for males than for females in both cohorts. The incidence increased with age, but the age-specific COM cohort to comparison cohort IRR decreased as age increased: 3.67 (95% CI: 2.14-6.29) for those <40 years old and 1.20 (95% CI: 0.96-1.50) for the elderly. Subjects with comorbidity had higher ICH incidences in both cohorts, greater for those in COM cohort, particularly in those with CKD. The COM cohort to comparison cohort IRR for subjects without these comorbidities was 1.20 (95% CI 1.00-1.45) (Table 2). The Kaplan-Meier plot shows that the cumulative proportional ICH incidence was 1.1% greater for the COM cohort than the comparison cohort (log-rank p<0.0001) (Fig. 1).

The multivariable Cox proportional hazards regression measured overall adjusted HR of ICH was 1.50 (95% CI:1.29-1.74) for the COM cohort after controlling for sex, age and comorbidities (Table 3). The data stratified by age showed higher hazards of ICH for younger COM patients, with an adjusted HRs of 3.28 (95% IC: 1.88-5.75) for the youngest group and 1.11 (95% CI: 0.88-1.40) for the elderly (Table 3). Hypertension also had a stronger relationship with ICH in young subjects, while diabetes and CKD exhibited the relationship stronger in the middle-age groups. Figure 2 demonstrates the ICH hazards measured for joint effects associated with COM and comorbidities of hypertension, diabetes and CKD. Compared with subjects without these disorders, subjects with all these disorders had an adjusted HR of 9.52 (95%: 5.20-17.5) (Fig. 2).
Examining the association between the severity of COM and hazards of ICH revealed a dose-response relationship, the incidence of ICH increased with severity (Table 4). Compared with the comparison cohort, the adjusted HR for COM patients by severity increased from 0.98 (95% CI:0.98-1.38) for those in the mild group, to 2.31 (95% CI:1.75-3.07) for those in the moderate group and 4.42 (95% CI:3.31-5.89) for those in the severe group.
Discussion
Previous studies have reported that patients with infections of VZV16,17 and HIV,17,18 and inflammatory disorders, such as RA19,20 and SLE20,21 are at an increased risk of ICH. In the present population study, we compared the ICH risk between COM patients and subjects without the disease in a 14-year follow-up period. The COM patients had 68% of excess incidence of ICH (Table 2). A dose-response relationship by the severity of COM was illustrated. With an incidence of 2.23 per 1000 person-years, COM patients may attribute a great ICH risk to the general population in Taiwan. Chan et al. have recently reported that the incidence of spontaneous intracerebral hemorrhage in the whole population of Taiwan is 40.77 per 100,000 person-years 27. The ICH incidence in Taiwan is likely higher than that in the Western populations (10-20 per 100,000 person-years) 1,2,27,28. 
Near one third of our study population were males. This is consistent with previous reports that men of middle ages are at higher risk of COM.29,30 A Colombian study reported that 72% of the COM patients are men and mainly aged 40 years and older.30 However, there is only a minor difference in incidences of ICH between males and females for each cohort, indicating no difference in the risk of ICH between males and females with COM. The results of multivariable Cox model demonstrated an elevated HR for males comparing to females, which may be associated with factors other than COM.
Age is the most important risk factor for ICH.1-3,7-9,31-34 The incidence of ICH increased with age in both COM and comparison cohorts in this study. However, the COM cohort to comparison cohort estimated age-specific HRs was higher in the younger groups, with the highest IRR of 3.67 noticed in <40 years group and descended steadily to 1.20 in the elderly (Table 2). Comorbidities are known less prevalent in the younger population. COM is thus a more prominent risk factor for younger patients than for older patients. Therefore, younger COM patients are relatively at higher risk of developing ICH than older COM patients. It is important to note in this study that the risk of ICH increased steadily with the progression of COM severity. These findings intensify the causality of COM in the development of ICH.
Comorbidities for intracerebral hemorrhage
Many studies have associated the ICH risk with older age,1-3,7-9,31-34 male gender,1-3,7,9,32,33 and comorbidities of hypertension,1-3,7-10,31-36 diabetes,1,3,7-10,32-36 hyperlipidemia,7,9,10,31-34,37 CKD,8,12 , drug abuse,4-6 etc. Figure 2 in this study shows that COM and hypertension are independent predictor for ICH risk. The joint effect increased the HR further to 9.52 (95% CI:5.20-17.5) for COM patients with comorbidities of hypertension, diabetes and CKD. Hypertension exhibits a more prominent role than COM does in the relationship with ICH.
The strengths and limitations
This study has the advantages of using a large study population and the longitudinal design with few losses to follow-up. The large sample size allows performing stratified data analysis to observe variations among groups, such as by gender, age, severity of COM and comorbidity. The dose-response relationship relating to COM severity strengthens the validity of this study. Comorbidities modify the relationship between COM and ICH and underline the joint effect on ICH. Insurance claims for inpatient reimbursements are under strict superintendence and monitor of NHI to prevent healthcare frauds. The NHI inspection system strengthens the diagnosis established on insurance claims.
However, there are limitations as well in this study. First, information on some vascular risk factors was unavailable in the claims data, such as physical activity, smoking, drinking, other lifestyles and medications. Data on indwelling medications,  injections and other managements, including wound debridement and hyperbaric therapy for COM treatment was not documented. We were unable to control these factors in the data analysis for the association with ICH. However, less than 4.5% of women smoke in Taiwan.38 Since the incidence of ICH in males and females are alike, smoking and drinking are unlikely to alter the association between COM and ICH. Information on COM subclassified by the anatomic location of the infection was also unavailable in our data. We were unable to evaluated whether the ICH risk associated with COM different between spine and other locations. 
Second, it is unclear whether COM is the etiology of ICH or just an association in this retrospective cohort study. Patients who are in the hospital receiving medical therapy, (subcutaneous heparin, indwelling lines, etc) are more likely to experience ICH. Although the cohorts are frequency matched by age and sex, there are both known and unknown significant differences between the cohorts. Patients with COM who likely spent an increased period within the hospital were compared to patients with potentially primarily outpatient diagnoses. 
The present study intended to evaluate the risk of ICH in patients with COM. We have noted higher prevalence rates of comorbidities in patients with COM than in the comparison cohort. However, after controlling for these comorbidities, the risk of ICH remains higher in the COM cohort than in the comparison cohort. Therefore, COM is likely a disorder related to an increased ICH risk deserving more studies.
Conclusions
The present study demonstrated a novelty finding in the risk of ICH for patients with COM. The results reveal the risk increases with the severity of COM and number of comorbidity. Younger age and severe cases deserve greater attention. Additional study is needed for other populations to prove our findings. The study findings could be adopted in ICH prevention measures for patients with COM, especially for patients at a younger age.
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Figure Legends
Fig. 1. Comparison of intracerebral-hemorrhage-free rates between chronic osteomyelitis and comparison cohorts using the Kaplan-Meier model.
Fig. 2. Age- and gender-adjusted hazard ratios of intracerebral hemorrhage measured by joint effects of chronic osteomyelitis and comorbidities.
Dr. Tseng: No Figure 2 in this file!.
	TABLE 1: Demographic factors and comorbidities in chronic osteomyelitis and comparison cohorts

	
	Control

N=88207
	
	COM

N=22052
	

	Variable
	n
	%
	
	n
	%
	p-value

	Gender
	
	
	
	
	
	0.98

	Women
	29505
	33.5
	
	7376
	33.5
	

	Men
	58702
	66.5
	
	14676
	66.5
	

	Age, years
	
	
	
	
	
	0.96

	<40
	19127
	21.7
	
	4782
	21.7
	

	40-54
	23600
	26.8
	
	5900
	26.8
	

	55-64
	15888
	18.0
	
	3971
	18.0
	

	≥65
	29582
	33.6
	
	7399
	33.6
	

	Comorbidity
	
	
	
	
	
	

	Hypertension
	6661
	7.55
	
	4672
	21.2
	<0.0001

	Diabetes
	3944
	4.47
	
	4948
	22.4
	<0.0001

	Hyperlipidemia
	1549
	1.76
	
	1232
	5.59
	<0.0001

	CKD
	540
	0.61
	
	839
	3.80
	<0.0001

	Drug abuse
	148
	0.67
	
	34
	0.04
	<0.0001

	COM = chronic osteomyelitis; CKD = chronic kidney disease.

Chi-square test.


	TABLE 2: Incidence rate of intracerebral hemorrhage and chronic osteomyelitis cohort to comparison cohort incidence rate ratio by demographic factor and comrobidity

	
	Chronic Osteomyelitis 
	
	

	
	No
	
	Yes
	
	IRR (95% CI)

	Variable
	Case
	P-Y
	IR
	
	Case
	P-Y
	IR
	
	

	Overall
	754
	561195
	1.34
	
	273
	122225
	2.23
	
	1.68
	(1.46-1.92)***

	Gender
	
	
	
	
	
	
	
	
	
	

	Female
	222
	181405
	1.22
	
	 85
	39478
	2.15
	
	1.78
	(1.38-2.28)***

	Male
	532
	379790
	1.40
	
	188
	82747
	2.27
	
	1.63
	(1.38-1.93)***

	Age, years
	
	
	
	
	
	
	
	
	
	

	<40
	 28
	140409
	0.20
	
	25
	 3480
	0.72
	
	3.67
	(2.14-6.29)***

	40-54
	142
	158087
	0.90
	
	83
	34657
	2.39
	
	2.69
	(2.05-3.52)***

	55-64
	170
	104663
	1.62
	
	70
	21949
	3.19
	
	1.99
	(1.51-2.63)***

	≥65
	414
	158036
	2.62
	
	95
	30938
	3.07
	
	1.20
	(0.96-1.50)

	Comorbidity 
	
	
	
	
	
	
	
	
	
	

	None
	627
	519565
	1.21
	
	133
	91671
	1.45
	
	1.20
	(1.00-1.45)

	Hypertension
	 93
	 28177
	3.30
	
	 87
	16985
	5.12
	
	1.56
	(1.17-2.09)**

	Diabetes 
	 45
	 16604
	2.71
	
	 98
	19559
	5.01
	
	1.86
	(1.30-2.64)***

	Hyperlipidemia
	 15
	  6993
	2.15
	
	 17
	 4647
	3.66
	
	1.73
	(0.86-3.46)

	CKD
	 11
	  1928
	5.70
	
	 19
	 2161
	8.79
	
	1.52
	(0.72-3.20)

	Drug abuse
	1
	609
	1.64
	
	0
	149
	0.00
	
	--
	

	P-Y = Person-years; IR = incidence rate per 1,000 person-years; IRR = incidence rate ratio; CI = confidence interval; CKD = chronic kidney disease.  ** p < 0.01, *** p < 0.001.


	TABLE 3: Multivariable Cox proportional hazards regression analysis estimated hazard ratios of intracerebral hemorrhage by age

	
	HR (95% CI)

	Variable
	<40 years
	40-54 years
	55-64 years
	≥65 years
	＃All age groups

	Chronic osteomyelitis
	3.28 (1.88-5.75)***
	1.88 (1.38-2.55)***
	1.42 (1.04-1.93)*
	1.11 (0.88-1.40)
	1.50 (1.29-1.74)***

	Age, years
	
	
	
	
	

	<40
	
	
	
	
	1.00

	40-54
	
	
	
	
	3.91 (2.90-5.28)***

	55-64
	
	
	
	
	6.31 (4.68-8.52)***

	≥65
	
	
	
	
	9.05 (6.79-12.1)***

	Gender
	
	
	
	
	

	Female
	1.00
	1.00
	1.00
	1.00
	1.00

	Male
	1.77 (0.80-3.93)
	2.27 (1.58-3.27)***
	1.81 (1.36-2.41)***
	1.21 (1.01-1.44)*
	1.49 (1.30-1.71)***

	Comorbidity (yes versus no)
	
	
	
	
	

	Hypertension
	7.37 (2.20-24.8)**
	2.74 (1.73-4.33)***
	1.64 (1.09-2.46)*
	1.43 (1.13-1.82)**
	1.59 (1.31-1.91)***

	Diabetes
	1.53 (0.33-7.10)
	2.29 (1.47-3.55)***
	2.33 (1.59-3.43)***
	1.03 (0.75-1.40)
	1.55 (1.26-1.91)***

	Hyperlipidemia
	--
	0.97 (0.49-1.93)
	0.63 (0.29-1.38)
	0.92 (0.54-1.56)
	0.90 (0.62-1.30)

	CKD
	2.08 (0.23-18.5)
	2.36 (1.10-5.06)*
	2.96 (1.48-5.90)**
	1.91 (1.03-3.52)*
	2.45 (1.67-3.59)***

	Drug abuse
	--
	1.48 (0.21-10.6)
	--
	--
	1.36 (0.19-9.68)

	HR = Hazard ratio; CI = confidence interval; CKD = chronic kidney disease.

＃Mutually adjusted for age, gender, hypertension, diabetes, hyperlipidemia, chronic kidney disease and drug abuse in Cox proportional hazards regression.  * p< 0.05, ** p < 0.01, *** p < 0.001.


	TABLE 4: Incidence and hazard ratio for intracerebral hemorrhage by severity of chronic osteomyelitis

	COM severity
	Event
	P-Y
	IR
	Adjusted HR (95% CI)

	Compared group
	754
	561195
	1.34
	1.00

	Mild (T1)
	161
	99702
	1.61
	0.98 (0.98-1.38)

	Moderate (T2)
	56
	1492
	3.79
	2.31 (1.75-3.07)***

	Severe (T3)
	56
	7731
	7.24
	4.42 (3.31-5.89)***

	p for trend
	
	
	
	<0.0001

	COM = chronic osteomyelitis; P-Y = person-years; IR = incidence rate per 1,000 person-years; HR = hazard ratio; CI = confidence interval; T1 = first tertile; T2 = second tertile; T3 = third tertile.

COM severity = (total length of hospital stay due to chronic osteomyelitis during the follow-up duration) ÷ (length of follow-up duration).

Adjusted HR: adjusted for age, gender, hypertension, diabetes, hyperlipidemia, chronic kidney disease and drug abuse in Cox proportional hazards regression.  

*** p < 0.001.
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Please attach Figure 2.
