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Table 3. 2 Prevalence of Elixhauser Conditions Diagnosed at Baseline for 
Included Subjects (per 1,000 Subjects) 

Condition  Total Infection Immune Comparison Subcohort 

N 28,642 8,221 2,327 10,730 9,999 

Complicated HTN 15.3 17.9 12.9 14.9 15.4 

Diabetes Mellitus  6.2 9.1 6.0 4.8 6.0 

Chronic Lung Dis. 6.1 8.4 4.3 5.4 5.9 

Obesity  3.3 3.4 2.1 2.8 3.4 

PVD 3.2 4.9 2.1 2.6 3.1 

CHF 2.6 4.9 1.3 1.7 2.2 

Depression 2.5 3.3 2.1 2.8 1.7 

Complicated Diabetes 2.1 3.3 2.1 1.9 1.7 

Solid Tumor 2.1 3.9 0.9 1.2 2.0 

Deficiency Anemia 2.1 4.0 1.7 1.9 1.5 

Hypothyroidism 1.9 0.9 2.1 1.5 2.7 

Psychotic Dis. 1.6 2.2 1.3 2.1 1.0 

Neurological Dis. 1.4 2.4 0.9 0.8 1.3 

Electrolyte Disorder 1.4 2.9 1.3 1.0 0.6 

Valvular Heart Dis. 1.2 1.7 2.1 0.9 0.7 

Alcoholism  1.0 1.5 1.7 1.0 0.7 
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Table 3.2 continued      

Arthritis 0.9 1.0 2.1 1.0 0.6 

Liver Dis. 0.7 1.1 0 0.4 0.6 

Paralysis 0.6 1.6 0.4 0.1 0.2 

Weight Loss 0.6 1.3 0.4 0.5 0.1 

Coagulopathy  0.5 0.9 0 0.2 0.6 

Renal Failure 0.4 0.6 0.9 0.5 0.4 

Pulmonary Circulation  0.2 0.4 0 0.3 0.1 

Metastatic Cancer 0.2 0.1 0 0.2 0.2 

Drug Abuse 0.2 0.4 0.4 1.0 0.3 

Peptic Ulcer 0.1 0.2 0 0.1 0 

AIDS 0.1 0.2 0 0.1 0 

Lymphoma 0.1 0.2 0 0.1 0.1 

Blood Loss 0.1 0.4 0 0.1 0.1 

Note: HTN = Hypertension; PVD = Peripheral Vascular Disease; CHF = 
Congestive Heart Failure; AIDS = Acquired Immune Deficiency Syndrome 
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Table 3. 3 Medications Used at Baseline for Included Subjects (Percentage) 

Medications Used  Total Infection Immune Comparison Subcohort 

N 28,642 8,221 2,327 10,730 9,999 

Cardiovascular       

ACE Inhibitor  16.1 13.6 13.6 14.6 19.8 

Alpha-blocker 8.3 6.1 5.4 10.8 8.3 

ARB 1.7 1.3 1.8 1.5 2.0 

Anginal  6.5 6.3 5.8 6.1 7.2 

Anti-arrhythmic  1.0 1.0 1.1 0.9 1.3 

Anticoagulant  5.6 6.1 4.5 4.8 6.4 

Beta-blocker 15.5 12.5 12.9 14.5 18.9 

CCB 10.5 8.8 8.1 10.1 12.4 

Digoxin  3.0 2.7 2.4 2.4 3.8 

Diuretic  14.0 13.1 12.4 12.4 16.5 

Statins 18.7 11.9 14.5 18.4 24.0 

Other Cholesterol  2.4 1.8 2.4 2.2 2.9 

Other HTN Drugs 1.0 1.1 0.7 0.7 1.2 

Pain / Immunomodulatory 

Analgesic 19.0 21.1 18.4 17.4 19.5 

Antihistamine  4.9 4.7 5.1 4.6 5.3 
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Table 3.3 continued      

Psoriatic  0.5 0.5 2.2 0.3 0.3 

Glucocorticoid  2.5 3.2 4.9 1.5 2.5 

Immune Stimulant 0.1 0.2 0.1 0.1 0.1 

Immunosuppressive  0.4 0.4 0.5 0.3 0.4 

NSAID 12.6 10.8 14.9 11.5 14.3 

Prostaglandins 0.2 0.2 0.3 0.2 0.2 

Topical Analgesic  11.0 11.2 13.2 9.4 11.9 

Vaccines 0.2 0.2 0.1 0.2 0.3 

Rheumatologic  2.5 2.1 2.5 2.1 3.2 

Antibiotics       

Antibacterial  8.7 10.8 8.1 7.0 9.0 

Antiviral  0.7 0.8 0.5 0.6 0.6 

Antibiotic - Other 4.3 5.2 5.1 3.5 4.4 

Neuropsychiatric       

Antidepressant  11.4 12.6 11.3 10.0 12.0 

Deterrents  1.0 1.2 0.8 0.7 1.2 

Autonomic 1.8 2.2 1.6 1.5 1.8 

Other CNS Drugs 11.3 12.4 9.7 10.1 12.2 

Nutritional         

Minerals 4.9 6.3 4.3 3.6 5.2 
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Table 3.3 continued      

Niacin  0.8 0.6 0.5 0.6 1.0 

Thiamine 0.5 0.9 0.5 0.3 0.5 

Other Vitamins 6.9 7.8 7.3 5.8 7.6 

Endocrine / Hormonal  

Insulin 2.8 3.9 2.4 1.9 3.0 

Oral 

Hypoglycemic  

8.3 8.6 7.9 6.8 9.5 

Sex Hormones 0.7 0.6 1.0 0.6 0.8 

Thyroid 3.4 2.6 3.4 3.0 4.1 

Other Hormones 1.5 1.5 1.6 1.5 1.5 

Other Common Classes 

Blood formation  0.2 0.5 0.1 0.1 0.1 

Cancer Drugs 1.6 2.3 2.3 1.0 1.4 

Laxatives 7.5 8.8 7.2 6.6 7.6 

Other GI Drugs 16.3 16.0 18.0 15.0 17.3 

Respiratory Drugs 8.6 10.8 8.1 7.4 8.6 

Note: ACE = Angiotensin Converting Enzyme; ARB = Angiotensin Receptor 
Blocker; CCB = Calcium Channel Blocker; HTN = Hypertension; NSAID = 
Non-Steroidal Anti-Inflammatory Drug; CNS = Central Nervous System; GI = 
Gastrointestinal   
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Table 3. 4 Statin Use as a Predictor of Diffuse Connective Tissue Diseases (123 
incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.67 (0.46, 0.98) 0.04 

 Former Statin Use 2.24 (0.81, 6.18) 0.12 

Model 2 Current Statin Use 0.76 (0.51, 1.13) 0.18 

 Former Statin Use 2.38 (0.86, 6.60) 0.10 

Model 3 Current Statin Use 0.75 (0.50, 1.12) 0.15 

 Former Statin Use 2.26 (0.81, 6.28) 0.12 

Model 4 Current Statin Use 0.79 (0.52, 1.19) 0.25 

 Former Statin Use 1.78 (0.63, 5.05) 0.28 

Model 5 Current Statin Use 0.66 (0.41, 1.05) 0.08 

 Former Statin Use 1.72 (0.61, 4.89) 0.31 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 5 Influence of Case Definition on Observed Statin Effect in Predicting 
Diffuse Connective Tissue Diseases  

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=133) 

Current Statin Use 0.68 (0.43, 1.06) 0.09 

Former Statin Use 2.00 (0.78, 5.11) 0.15 

Variation 2: Single outpatient claim sufficient (n=273) 

Current Statin Use 0.71 (0.53, 0.96) 0.03 

Former Statin Use 1.66 (0.83, 3.31) 0.15 

Variation 3: Only inpatient claims sufficient (n=31) 

Current Statin Use 0.97 (0.42, 2.26) 0.94 

Former Statin Use 6.08 (1.61, 22.88) 0.008 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 6 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Diffuse Connective Tissue Diseases (123 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.55 (0.34, 0.91) 0.02 

Former Statin Use 1.49 (0.82, 2.70) 0.19 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.61 (0.38, 0.99) 0.04 

Former Statin Use 1.75 (0.81, 3.75) 0.15 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.73 (0.46, 1.14) 0.16 

Former Statin Use NA NA NA 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.71 (0.46, 1.12) 0.14 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 7 New-User Design for Statin Effect in Predicting Diffuse Connective 
Tissue Diseases (62 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.93 (0.37, 2.35) 0.87 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.91 (0.36, 2.31) 0.84 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 8 Statin Effect in Predicting Diffuse Connective Tissue Diseases, 
Stratified by Propensity Score (123 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.59 (0.37, 0.93) 0.02 

Former Statin Use 2.08 (0.75, 5.76) 0.16 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.70 (0.44, 1.11) 0.13 

Former Statin Use 2.14 (0.77, 5.96) 0.15 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 9 Statin Use as a Predictor of Systemic Lupus Erythematosus (59 
incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.62 (0.36, 1.08) 0.09 

 Former Statin Use 2.09 (0.50, 8.79) 0.32 

Model 2 Current Statin Use 0.69 (0.39, 1.23) 0.21 

 Former Statin Use 2.05 (0.48, 8.66) 0.33 

Model 3 Current Statin Use 0.66 (0.37, 1.18) 0.16 

 Former Statin Use 1.91 (0.45, 8.14) 0.38 

Model 4 Current Statin Use 0.59 (0.32, 1.07) 0.08 

 Former Statin Use 1.49 (0.34, 6.52) 0.60 

Model 5 Current Statin Use 0.52 (0.26, 1.01) 0.05 

 Former Statin Use 1.46 (0.33, 6.40) 0.62 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 10 Influence of Case Definition on Observed Statin Effect in Predicting 
Systemic Lupus Erythematosus 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=62) 

Current Statin Use 0.48 (0.25, 0.92) 0.03 

Former Statin Use 1.32 (0.30, 5.76) 0.71 

Variation 2: Single outpatient claim sufficient (n=101) 

Current Statin Use 0.59 (0.35, 0.98) 0.04 

Former Statin Use 1.99 (0.69, 5.76) 0.20 

Variation 3: Only inpatient claims sufficient (n=18) 

Current Statin Use 0.48 (0.15, 1.55) 0.22 

Former Statin Use 6.16 (1.16, 32.72) 0.03 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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 Table 3. 11 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Systemic Lupus Erythematosus (59 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.45 (0.22, 0.92) 0.03 

Former Statin Use 1.09 (0.45, 2.63) 0.85 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.51 (0.26, 1.01) 0.05 

Former Statin Use 1.05 (0.31, 3.60) 0.94 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.57 (0.30, 1.09) 0.09 

Former Statin Use NA NA NA 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.56 (0.30, 1.07) 0.08 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 12 New-User Design for Statin Effect in Predicting Systemic Lupus 
Erythematosus (27 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.75 (0.17, 3.25) 0.70 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.74 (0.17, 3.18) 0.68 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 13 Statin Effect in Predicting Systemic Lupus Erythematosus, Stratified 
by Propensity Score (59 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.56 (0.29, 1.06) 0.08 

Former Statin Use 1.73 (0.41, 7.33) 0.46 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.62 (0.32, 1.20) 0.16 

Former Statin Use 1.65 (0.38, 7.11) 0.50 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 14 Statin Use as a Predictor of Rheumatoid Arthritis (662 incident 
cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 
0.67 (0.56, 0.78) 

<0.0

01 

 Former Statin Use 1.60 (0.93, 2.73) 0.09 

Model 2 Current Statin Use 
0.65 (0.55, 0.77) 

<0.0

01 

 Former Statin Use 1.57 (0.91, 2.68) 0.10 

Model 3 Current Statin Use 
0.66 (0.55, 0.78) 

<0.0

01 

 Former Statin Use 1.48 (0.86, 2.53) 0.16 

Model 4 Current Statin Use 
0.72 (0.60, 0.86) 

<0.0

01 

 Former Statin Use 1.23 (0.71, 2.14) 0.46 

Model 5 Current Statin Use 
0.68 (0.56, 0.83) 

<0.0

01 

 Former Statin Use 1.22 (0.71, 2.12) 0.48 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
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Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 15 Influence of Case Definition on Observed Statin Effect in Predicting 
Rheumatoid Arthritis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=709) 

Current Statin Use 0.67 (0.56, 0.81) <0.001 

Former Statin Use 1.09 (0.63, 1.89) 0.75 

Variation 2: Single outpatient claim sufficient (n=1,252) 

Current Statin Use 0.76 (0.66, 0.87) <0.001 

Former Statin Use 1.23 (0.85, 1.78) 0.27 

Variation 3: Only inpatient claims sufficient (n=113) 

Current Statin Use 0.39 (0.23, 0.67) 0.001 

Former Statin Use 2.35 (1.00, 5.57) 0.05 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 16 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Rheumatoid Arthritis (662 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.62 (0.51, 0.77) <0.001 

Former Statin Use 1.11 (0.83, 1.47) 0.49 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.66 (0.54, 0.80) <0.001 

Former Statin Use 1.26 (0.85, 1.87) 0.25 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.70 (0.58, 0.85) <0.001 

Former Statin Use 1.04 (0.37, 2.87) 0.95 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.71 (0.58, 0.86) 0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 17 New-User Design for Statin Effect in Predicting Rheumatoid Arthritis 
(280 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.04 (0.68, 1.59) 0.88 

Former Statin Use 2.77 (0.39, 19.87) 0.31 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.06 (0.70, 1.62) 0.78 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.  

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 18 Statin Effect in Predicting Rheumatoid Arthritis, Stratified by 
Propensity Score (662 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.58 (0.48, 0.70) <0.001 

Former Statin Use 1.43 (0.83, 2.44) 0.20 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.65 (0.54, 0.79) <0.001 

Former Statin Use 1.48 (0.86, 2.54) 0.15 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 19 Statin Use as a Predictor of Multiple Sclerosis (110 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.46 (0.30, 0.71) 0.001 

 Former Statin Use 1.16 (0.28, 4.77) 0.84 

Model 2 Current Statin Use 0.64 (0.40, 1.00) 0.05 

 Former Statin Use 1.35 (0.33, 5.58) 0.68 

Model 3 Current Statin Use 0.76 (0.47, 1.20) 0.24 

 Former Statin Use 1.47 (0.35, 6.13) 0.60 

Model 4 Current Statin Use 0.83 (0.52, 1.32) 0.42 

 Former Statin Use 1.40 (0.33, 5.92) 0.65 

Model 5 Current Statin Use 0.78 (0.46, 1.34) 0.36 

 Former Statin Use 1.39 (0.33, 5.88) 0.66 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 20 Influence of Case Definition on Observed Statin Effect in Predicting 
Multiple Sclerosis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=129) 

Current Statin Use 0.69 (0.42, 1.14) 0.14 

Former Statin Use 0.99 (0.24, 4.18) 0.99 

Variation 2: Single outpatient claim sufficient (n=193) 

Current Statin Use 0.65 (0.44, 0.97) 0.03 

Former Statin Use 0.89 (0.28, 2.87) 0.85 

Variation 3: Only inpatient claims sufficient (n=25) 

Current Statin Use 0.93 (0.31, 2.76) 0.89 

Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 21 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Multiple Sclerosis (110 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.72 (0.41, 1.26) 0.25 

Former Statin Use 1.26 (0.57, 2.77) 0.56 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.79 (0.46, 1.35) 0.38 

Former Statin Use 1.07 (0.33, 3.52) 0.91 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.79 (0.47, 1.35) 0.39 

Former Statin Use 1.76 (0.23, 13.37) 0.59 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.81 (0.48, 1.37) 0.43 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 22 New-User Design for Statin Effect in Predicting Multiple Sclerosis (60 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.68 (0.71, 4.02) 0.24 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.65 (0.69, 3.93) 0.26 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 23 Statin Effect in Predicting Multiple Sclerosis, Stratified by Propensity 
Score (110 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.62 (0.36, 1.04) 0.07 

Former Statin Use 1.36 (0.33, 5.65) 0.67 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.63 (0.37, 1.07) 0.08 

Former Statin Use 1.37 (0.33, 5.72) 0.66 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 24 Statin Use as a Predictor of Sarcoidosis (40 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.72 (0.38, 1.40) 0.33 

 Former Statin Use 1.74 (0.23, 13.11) 0.59 

Model 2 Current Statin Use 0.84 (0.42, 1.65) 0.60 

 Former Statin Use 1.89 (0.25, 14.30) 0.54 

Model 3 Current Statin Use 1.01 (0.50, 2.05) 0.98 

 Former Statin Use 1.88 (0.25, 14.44) 0.54 

Model 4 Current Statin Use 1.06 (0.53, 2.16) 0.86 

 Former Statin Use 1.72 (0.22, 13.29) 0.60 

Model 5 Current Statin Use 0.66 (0.27, 1.61) 0.36 

 Former Statin Use 1.58 (0.21, 12.12) 0.66 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 25 Influence of Case Definition on Observed Statin Effect in Predicting 
Sarcoidosis  

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=43) 

Current Statin Use 0.71 (0.31, 1.66) 0.43 

Former Statin Use 1.50 (0.20, 11.46) 0.70 

Variation 2: Single outpatient claim sufficient (n=71) 

Current Statin Use 1.02 (0.57, 1.83) 0.94 

Former Statin Use 0.76 (0.10, 5.65) 0.79 

Variation 3: Only inpatient claims sufficient (n=10) 

Current Statin Use 1.62 (0.30, 8.69) 0.57 

Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 26 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Sarcoidosis (40 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.52 (0.20, 1.33) 0.17 

Former Statin Use 1.75 (0.60, 5.12) 0.31 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.50 (0.19, 1.29) 0.15 

Former Statin Use 2.84 (0.89, 9.03) 0.08 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.64 (0.26, 1.55) 0.32 

Former Statin Use 3.57 (0.45, 28.23) 0.23 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.71 (0.30, 1.67) 0.43 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 27 New-User Design for Statin Effect in Predicting Sarcoidosis (20 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 2.94 (0.95, 9.15) 0.06 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 2.87 (0.92, 8.92) 0.07 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 28 Statin Effect in Predicting Sarcoidosis, Stratified by Propensity Score 
(40 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.51 (0.21, 1.23) 0.14 

Former Statin Use 1.62 (0.21, 12.27) 0.64 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.56 (0.23, 1.38) 0.21 

Former Statin Use 1.45 (0.19, 11.10) 0.72 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    



134 

Table 3. 29 Statin Use as a Predictor of Thyroiditis (42 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.58 (0.30, 1.13) 0.11 

 Former Statin Use 2.83 (0.66, 12.10) 0.16 

Model 2 Current Statin Use 0.85 (0.42, 1.70) 0.64 

 Former Statin Use 3.37 (0.78, 14.56) 0.10 

Model 3 Current Statin Use 0.90 (0.44, 1.84) 0.78 

 Former Statin Use 3.38 (0.77, 14.83) 0.11 

Model 4 Current Statin Use 0.73 (0.35, 1.54) 0.41 

 Former Statin Use 2.11 (0.46, 9.65) 0.33 

Model 5 Current Statin Use 0.66 (0.30, 1.49) 0.32 

 Former Statin Use 2.07 (0.45, 9.48) 0.35 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 30 Influence of Case Definition on Observed Statin Effect in Predicting 
Thyroiditis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=44) 

Current Statin Use 0.69 (0.31, 1.53) 0.36 

Former Statin Use 2.21 (0.49, 10.03) 0.31 

Variation 2: Single outpatient claim sufficient (n=90) 

Current Statin Use 0.87 (0.51, 1.47) 0.60 

Former Statin Use 0.85 (0.20, 3.62) 0.82 

Variation 3: Only inpatient claims sufficient (n=17) 

Current Statin Use 0.95 (0.27, 3.34) 0.94 

Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 31 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Thyroiditis (42 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.40 (0.15, 1.05) 0.06 

Former Statin Use 2.31 (0.93, 5.73) 0.07 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.65 (0.28, 1.47) 0.30 

Former Statin Use 1.61 (0.45, 5.75) 0.46 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.70 (0.32, 1.54) 0.37 

Former Statin Use 2.69 (0.34, 21.30) 0.35 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.75 (0.35, 1.62) 0.47 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 32 New-User Design for Statin Effect in Predicting Thyroiditis (21 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 2.70 (0.76, 9.65) 0.13 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 2.64 (0.74, 9.43) 0.14 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 33 Statin Effect in Predicting Thyroiditis, Stratified by Propensity Score 
(42 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.80 (0.37, 1.73) 0.56 

Former Statin Use 3.37 (0.77, 14.67) 0.11 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.87 (0.40, 1.92) 0.74 

Former Statin Use 3.25 (0.75, 14.14) 0.12 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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 Table 3. 34 Statin Use as a Predictor of Autoimmune Hemolytic Anemia (30 
incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.36 (0.14, 0.89) 0.03 

 Former Statin Use 5.47 (1.57, 19.08) 0.008 

Model 2 Current Statin Use 0.30 (0.12, 0.76) 0.01 

 Former Statin Use 4.63 (1.33, 16.17) 0.02 

Model 3 Current Statin Use 0.34 (0.13, 0.88) 0.02 

 Former Statin Use 5.80 (1.63, 20.61) 0.007 

Model 4 Current Statin Use 0.35 (0.13, 0.91) 0.03 

 Former Statin Use 8.60 (2.33, 31.75) 0.001 

Model 5 Current Statin Use 0.49 (0.18, 1.33) 0.16 

 Former Statin Use 9.19 (2.47, 34.19) 0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 35 Influence of Case Definition on Observed Statin Effect in Predicting 
Autoimmune Hemolytic Anemia 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=30) 

Current Statin Use 0.49 (0.18, 1.33) 0.16 

Former Statin Use 9.19 (2.47, 34.19) 0.001 

Variation 2: Single outpatient claim sufficient (n=36) 

Current Statin Use 0.40 (0.16, 0.98) 0.05 

Former Statin Use 6.57 (1.85, 23.36) 0.004 

Variation 3: Only inpatient claims sufficient (n=25) 

Current Statin Use 0.42 (0.14, 1.28) 0.13 

Former Statin Use 11.46 (2.96, 44.32) <0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 36 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Autoimmune Hemolytic Anemia (110 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.49 (0.17, 1.39) 0.18 

Former Statin Use 2.03 (0.64, 6.45) 0.23 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.45 (0.16, 1.28) 0.14 

Former Statin Use 4.15 (1.26, 13.66) 0.02 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.57 (0.22, 1.46) 0.24 

Former Statin Use 17.80 (3.58, 88.63) <0.001 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.74 (0.31, 1.75) 0.49 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 37 New-User Design for Statin Effect in Predicting Autoimmune 
Hemolytic Anemia (15 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.75 (0.09, 5.93) 0.78 

Former Statin Use 44.29 (3.45, 568.41) 0.004 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.37 (0.29, 6.45) 0.69 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 38 Statin Effect in Predicting Autoimmune Hemolytic Anemia, Stratified 
by Propensity Score (30 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.38 (0.15, 0.97) 0.04 

Former Statin Use 4.80 (1.36, 16.89) 0.02 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.55 (0.21, 1.43) 0.22 

Former Statin Use 5.19 (1.44, 18.76) 0.01 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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 Table 3. 39 Statin Use as a Predictor of Polymyalgia Rheumatica (251 incident 
cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 1.15 (0.89, 1.48) 0.28 

 Former Statin Use 2.94 (1.48, 5.84) 0.002 

Model 2 Current Statin Use 0.92 (0.71, 1.19) 0.54 

 Former Statin Use 2.63 (1.33, 5.23) 0.006 

Model 3 Current Statin Use 0.91 (0.70, 1.18) 0.46 

 Former Statin Use 2.58 (1.30, 5.12) 0.007 

Model 4 Current Statin Use 1.00 (0.77, 1.30) 0.99 

 Former Statin Use 2.06 (1.03, 4.12) 0.04 

Model 5 Current Statin Use 1.08 (0.81, 1.43) 0.61 

 Former Statin Use 2.11 (1.06, 4.23) 0.04 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 40 Influence of Case Definition on Observed Statin Effect in Predicting 
Polymyalgia Rheumatica 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=266) 

Current Statin Use 1.09 (0.83, 1.43) 0.56 

Former Statin Use 2.17 (1.12, 4.21) 0.02 

Variation 2: Single outpatient claim sufficient (n=424) 

Current Statin Use 1.02 (0.82, 1.26) 0.86 

Former Statin Use 2.28 (1.38, 3.79) 0.001 

Variation 3: Only inpatient claims sufficient (n=39) 

Current Statin Use 1.30 (0.61, 2.79) 0.50 

Former Statin Use 5.83 (2.07, 16.46) 0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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 Table 3. 41 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Polymyalgia Rheumatica (251 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.88 (0.65, 1.19) 0.40 

Former Statin Use 2.45 (1.69, 3.56) <0.001 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 1.06 (0.80, 1.41) 0.69 

Former Statin Use 1.80 (1.04, 3.13) 0.04 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 1.12 (0.85, 1.47) 0.43 

Former Statin Use 1.44 (0.35, 5.94) 0.61 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 1.12 (0.85, 1.48) 0.41 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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 Table 3. 42 New-User Design for Statin Effect in Predicting Polymyalgia 
Rheumatica (97 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.61 (0.90, 2.89) 0.11 

Former Statin Use 6.40 (0.88, 46.84) 0.07 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.70 (0.96, 2.99) 0.07 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 43 Statin Effect in Predicting Polymyalgia Rheumatica, Stratified by 
Propensity Score (251 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.95 (0.72, 1.25) 0.72 

Former Statin Use 2.59 (1.31, 5.15) 0.007 

Same Model, Stratified by Propensity Score  

Current Statin Use 1.05 (0.79, 1.38) 0.76 

Former Statin Use 2.64 (1.33, 5.25) 0.006 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    



149 

Table 3. 44 Statin Use as a Predictor of Psoriasis (674 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.69 (0.59, 0.81) <0.001 

 Former Statin Use 1.36 (0.75, 2.49) 0.32 

Model 2 Current Statin Use 0.68 (0.58, 0.81) <0.001 

 Former Statin Use 1.32 (0.72, 2.42) 0.36 

Model 3 Current Statin Use 0.70 (0.59, 0.83) <0.001 

 Former Statin Use 1.34 (0.73, 2.45) 0.34 

Model 4 Current Statin Use 0.74 (0.62, 0.88) 0.001 

 Former Statin Use 1.14 (0.62, 2.10) 0.68 

Model 5 Current Statin Use 0.63 (0.52, 0.77) <0.001 

 Former Statin Use 1.09 (0.59, 2.02) 0.78 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 45 Influence of Case Definition on Observed Statin Effect in Predicting 
Psoriasis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=711) 

Current Statin Use 0.65 (0.54, 0.79) <0.001 

Former Statin Use 0.99 (0.54, 1.83) 0.98 

Variation 2: Single outpatient claim sufficient (n=1,335) 

Current Statin Use 0.80 (0.70, 0.91) 0.001 

Former Statin Use 1.20 (0.82, 1.77) 0.36 

Variation 3: Only inpatient claims sufficient (n=60) 

Current Statin Use 0.57 (0.27, 1.20) 0.14 

Former Statin Use 1.35 (0.30, 6.18) 0.70 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 46 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Psoriasis (674 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.62 (0.51, 0.76) <0.001 

Former Statin Use 0.81 (0.59, 1.12) 0.20 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.64 (0.52, 0.78) <0.001 

Former Statin Use 0.75 (0.45, 1.24) 0.26 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.65 (0.53, 0.79) <0.001 

Former Statin Use 0.90 (0.29, 2.84) 0.86 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.65 (0.53, 0.79) <0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 47 New-User Design for Statin Effect in Predicting Psoriasis (299 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.35 (0.91, 2.00) 0.13 

Former Statin Use 2.81 (0.39, 20.18) 0.30 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.37 (0.94, 2.02) 0.11 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 48 Statin Effect in Predicting Psoriasis, Stratified by Propensity Score 
(674 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.60 (0.49, 0.73) <0.001 

Former Statin Use 1.28 (0.70, 2.34) 0.42 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.60 (0.49, 0.73) <0.001 

Former Statin Use 1.32 (0.72, 2.41) 0.38 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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 Table 3. 49 Statin Use as a Predictor of Any Spondylitis (197 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.62 (0.46, 0.84) 0.002 

 Former Statin Use 1.00 (0.32, 3.17) 0.99 

Model 2 Current Statin Use 0.75 (0.55, 1.02) 0.07 

 Former Statin Use 1.11 (0.35, 3.51) 0.86 

Model 3 Current Statin Use 0.77 (0.56, 1.05) 0.10 

 Former Statin Use 1.06 (0.33, 3.37) 0.92 

Model 4 Current Statin Use 0.82 (0.59, 1.13) 0.23 

 Former Statin Use 0.93 (0.29, 3.00) 0.90 

Model 5 Current Statin Use 0.76 (0.53, 1.09) 0.14 

 Former Statin Use 0.91 (0.28, 2.95) 0.88 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 50 Influence of Case Definition on Observed Statin Effect in Predicting 
Any Spondylitis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=219) 

Current Statin Use 0.79 (0.56, 1.10) 0.16 

Former Statin Use 0.79 (0.24, 2.53) 0.68 

Variation 2: Single outpatient claim sufficient (n=470) 

Current Statin Use 0.84 (0.67, 1.05) 0.12 

Former Statin Use 0.61 (0.27, 1.38) 0.23 

Variation 3: Only inpatient claims sufficient (n=34) 

Current Statin Use 1.41 (0.65, 3.03) 0.38 

Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 51 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Any Spondylitis (197 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.73 (0.50, 1.07) 0.10 

Former Statin Use 0.95 (0.53, 1.68) 0.85 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.78 (0.54, 1.13) 0.19 

Former Statin Use 0.61 (0.22, 1.68) 0.34 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.77 (0.54, 1.10) 0.15 

Former Statin Use 0.74 (0.10, 5.45) 0.77 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.77 (0.54, 1.10) 0.15 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 52 New-User Design for Statin Effect in Predicting Any Spondylitis (89 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.03 (0.49, 2.16) 0.95 

Former Statin Use 6.27 (0.86, 45.98) 0.07 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.13 (0.56, 2.29) 0.73 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 53 Statin Effect in Predicting Any Spondylitis, Stratified by Propensity 
Score (197 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.64 (0.45, 0.91) 0.01 

Former Statin Use 0.98 (0.31, 3.11) 0.97 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.73 (0.51, 1.05) 0.08 

Former Statin Use 0.93 (0.29, 2.95) 0.90 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    



159 

Table 3. 54 Statin Use as a Predictor of Ankylosing Spondylitis (72 incident 
cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.40 (0.23, 0.69) 0.001 

 Former Statin Use NA NA NA 

Model 2 Current Statin Use 0.47 (0.27, 0.83) 0.009 

 Former Statin Use NA NA NA 

Model 3 Current Statin Use 0.54 (0.31, 0.96) 0.04 

 Former Statin Use NA NA NA 

Model 4 Current Statin Use 0.53 (0.30, 0.96) 0.04 

 Former Statin Use NA NA NA 

Model 5 Current Statin Use 0.55 (0.29, 1.04) 0.06 

 Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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 Table 3. 55 Influence of Case Definition on Observed Statin Effect in Predicting 
Ankylosing Spondylitis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=76) 

Current Statin Use 0.54 (0.29, 1.00) 0.05 

Former Statin Use NA  NA NA 

Variation 2: Single outpatient claim sufficient (n=128) 

Current Statin Use 0.63 (0.40, 0.99) 0.04 

Former Statin Use NA  NA NA 

Variation 3: Only inpatient claims sufficient (n=18) 

Current Statin Use 0.59 (0.17, 2.01) 0.40 

Former Statin Use NA  NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.   
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Table 3. 56 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Ankylosing Spondylitis (72 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.49 (0.25, 0.97) 0.04 

Former Statin Use 0.76 (0.25, 2.28) 0.62 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.57 (0.30, 1.08) 0.08 

Former Statin Use NA NA NA 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.54 (0.29, 1.01) 0.05 

Former Statin Use NA NA NA 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.53 (0.28, 1.00) 0.05 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.   
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Table 3. 57 New-User Design for Statin Effect in Predicting Ankylosing 
Spondylitis (32 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.39 (0.05, 2.89) 0.35 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.38 (0.05, 2.82) 0.34 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 58 Statin Effect in Predicting Ankylosing Spondylitis, Stratified by 
Propensity Score (72 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.52 (0.28, 0.97) 0.04 

Former Statin Use NA NA NA 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.57 (0.30, 1.07) 0.08 

Former Statin Use NA NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.  
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Table 3. 59 Statin Use as a Predictor of Other Spondyloarthropathies (49 incident 
cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.77 (0.43, 1.40) 0.40 

 Former Statin Use 3.82 (1.14, 12.82) 0.03 

Model 2 Current Statin Use 1.05 (0.56, 1.95) 0.88 

 Former Statin Use 4.35 (1.29, 14.72) 0.02 

Model 3 Current Statin Use 0.99 (0.52, 1.87) 0.97 

 Former Statin Use 3.79 (1.11, 12.92) 0.03 

Model 4 Current Statin Use 1.07 (0.56, 2.03) 0.83 

 Former Statin Use 3.06 (0.85, 11.06) 0.09 

Model 5 Current Statin Use 1.15 (0.58, 2.30) 0.69 

 Former Statin Use 3.13 (0.86, 11.34) 0.08 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use. 

    



165 

Table 3. 60 Influence of Case Definition on Observed Statin Effect in Predicting 
Other Spondyloarthropathies 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=61) 

Current Statin Use 1.21 (0.66, 2.22) 0.53 

Former Statin Use 2.08 (0.59, 7.30) 0.25 

Variation 2: Single outpatient claim sufficient (n=215) 

Current Statin Use 0.99 (0.72, 1.35) 0.92 

Former Statin Use 1.32 (0.60, 2.90) 0.49 

Variation 3: Only inpatient claims sufficient (n=9) 

Current Statin Use 3.48 (0.72, 16.97) 0.12 

Former Statin Use NA  NA NA 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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 Table 3. 61 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Other Spondyloarthropathies (49 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 1.26 (0.63, 2.52) 0.52 

Former Statin Use 1.36 (0.48, 3.86) 0.56 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 1.23 (0.62, 2.45) 0.55 

Former Statin Use 1.63 (0.46, 5.75) 0.45 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 1.25 (0.64, 2.44) 0.51 

Former Statin Use 2.52 (0.31, 20.19) 0.39 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 1.28 (0.66, 2.47) 0.47 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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 Table 3. 62 New-User Design for Statin Effect in Predicting Other 
Spondyloarthropathies (22 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.24 (0.28, 5.50) 0.78 

Former Statin Use 24.25 (3.05, 193.08) 0.003 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.82 (0.52, 6.39) 0.35 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of 
health care visits during the first 180 days of statin use.   
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Table 3. 63 Statin Effect in Predicting Other Spondyloarthropathies, Stratified by 
Propensity Score (49 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 1.13 (0.57, 2.25) 0.73 

Former Statin Use 4.41 (1.29, 15.09) 0.02 

Same Model, Stratified by Propensity Score  

Current Statin Use 1.50 (0.76, 2.98) 0.24 

Former Statin Use 4.07 (1.18, 14.06) 0.03 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.  
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Table 3. 64 Statin Use as a Predictor of Inflammatory Bowel Disease (307 
incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.58 (0.45, 0.74) <0.001 

 Former Statin Use 0.70 (0.22, 2.20) 0.54 

Model 2 Current Statin Use 0.59 (0.46, 0.76) <0.001 

 Former Statin Use 0.70 (0.22, 2.21) 0.54 

Model 3 Current Statin Use 0.63 (0.49, 0.81) <0.001 

 Former Statin Use 0.73 (0.23, 2.28) 0.58 

Model 4 Current Statin Use 0.62 (0.47, 0.81) 0.001 

 Former Statin Use 0.69 (0.22, 2.19) 0.53 

Model 5 Current Statin Use 0.60 (0.45, 0.81) 0.001 

 Former Statin Use 0.69 (0.22, 2.18) 0.53 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 65 Influence of Case Definition on Observed Statin Effect in Predicting 
Inflammatory Bowel Disease 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=320) 

Current Statin Use 0.60 (0.45, 0.80) 0.001 

Former Statin Use 0.63 (0.20, 2.00) 0.44 

Variation 2: Single outpatient claim sufficient (n=504) 

Current Statin Use 0.58 (0.46, 0.73) <0.001 

Former Statin Use 0.88 (0.43, 1.79) 0.73 

Variation 3: Only inpatient claims sufficient (n=60) 

Current Statin Use 0.57 (0.30, 1.09) 0.09 

Former Statin Use 0.57 (0.08, 4.28) 0.59 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    



195 

Table 3. 89 Statin Use as a Predictor of Urinary Tract Infection (2,820 incident 
cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.69 (0.64, 0.75) <0.001 

 Former Statin Use 1.32 (1.04, 1.68) 0.02 

Model 2 Current Statin Use 0.73 (0.67, 0.79) <0.001 

 Former Statin Use 1.33 (1.04, 1.68) 0.02 

Model 3 Current Statin Use 0.72 (0.66, 0.78) <0.001 

 Former Statin Use 1.12 (0.88, 1.43) 0.35 

Model 4 Current Statin Use 0.76 (0.70, 0.83) <0.001 

 Former Statin Use 1.13 (0.89, 1.44) 0.33 

Model 5 Current Statin Use 0.73 (0.67, 0.80) <0.001 

 Former Statin Use 1.13 (0.88, 1.44) 0.34 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    



196 

Table 3. 90 Influence of Case Definition on Observed Statin Effect in Predicting 
Urinary Tract Infection 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=3,302) 

Current Statin Use 0.76 (0.70, 0.83) <0.001 

Former Statin Use 1.15 (0.92, 1.44) 0.23 

Variation 2: Single outpatient claim sufficient (n=5,985) 

Current Statin Use 0.84 (0.79, 0.89) <0.001 

Former Statin Use 1.09 (0.91, 1.29) 0.35 

Variation 3: Only inpatient claims sufficient (n=1,729) 

Current Statin Use 0.67 (0.60, 0.76) <0.001 

Former Statin Use 1.05 (0.80, 1.38) 0.73 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 91 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Urinary Tract Infection (2,820 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.70 (0.63, 0.77) <0.001 

Former Statin Use 1.01 (0.88, 1.16) 0.89 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.73 (0.66, 0.80) <0.001 

Former Statin Use 0.99 (0.82, 1.21) 0.95 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.75 (0.68, 0.82) <0.001 

Former Statin Use 1.11 (0.74, 1.67) 0.63 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.75 (0.69, 0.83) <0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 92 New-User Design for Statin Effect in Predicting Urinary Tract 
Infection (1,350 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.97 (0.80, 1.18) 0.76 

Former Statin Use 2.81 (1.50, 5.25) 0.001 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.02 (0.85, 1.24) 0.81 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 93 Statin Effect in Predicting Urinary Tract Infection, Stratified by 
Propensity Score (2,820 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.66 (0.61, 0.72) <0.001 

Former Statin Use 1.25 (0.98, 1.59) 0.07 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.78 (0.71, 0.86) <0.001 

Former Statin Use 1.30 (1.02, 1.65) 0.04 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.  
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Table 3. 94 Statin Use as a Predictor of Sepsis (843 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.59 (0.51, 0.68) <0.001 

 Former Statin Use 1.84 (1.31, 2.59) <0.001 

Model 2 Current Statin Use 0.60 (0.52, 0.70) <0.001 

 Former Statin Use 1.72 (1.22, 2.42) 0.002 

Model 3 Current Statin Use 0.61 (0.52, 0.72) <0.001 

 Former Statin Use 1.57 (1.11, 2.22) 0.01 

Model 4 Current Statin Use 0.61 (0.52, 0.71) <0.001 

 Former Statin Use 1.44 (1.01, 2.05) 0.04 

Model 5 Current Statin Use 0.61 (0.51, 0.72) <0.001 

 Former Statin Use 1.44 (1.01, 2.05) 0.04 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 95 Influence of Case Definition on Observed Statin Effect in Predicting 
Sepsis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=860) 

Current Statin Use 0.61 (0.52, 0.73) <0.001 

Former Statin Use 1.47 (1.04, 2.09) 0.03 

Variation 2: Single outpatient claim sufficient (n=1,011) 

Current Statin Use 0.65 (0.56, 0.76) <0.001 

Former Statin Use 1.49 (1.07, 2.06) 0.02 

Variation 3: Only inpatient claims sufficient (n=833) 

Current Statin Use 0.61 (0.52, 0.73) <0.001 

Former Statin Use 1.47 (1.03, 2.09) 0.04 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 96 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Sepsis (843 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.56 (0.47, 0.67) <0.001 

Former Statin Use 1.05 (0.84, 1.33) 0.66 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.59 (0.50, 0.70) <0.001 

Former Statin Use 1.25 (0.94, 1.68) 0.13 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.65 (0.55, 0.77) <0.001 

Former Statin Use 0.94 (0.48, 1.84) 0.85 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.66 (0.56, 0.78) <0.001 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 97 New-User Design for Statin Effect in Predicting Sepsis (466 incident 
cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.81 (0.58, 1.13) 0.21 

Former Statin Use 2.39 (0.76, 7.50) 0.14 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.85 (0.61, 1.17) 0.31 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 98 Statin Effect in Predicting Sepsis, Stratified by Propensity Score (843 
incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.54 (0.46, 0.64) <0.001 

Former Statin Use 1.62 (1.15, 2.28) 0.006 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.70 (0.59, 0.82) <0.001 

Former Statin Use 1.70 (1.21, 2.40) 0.002 

Note: HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; Current 
Statin Use is defined as filling at least one statin prescription in the previous 
180 day period.  Former statin use is defined as having at least one previous 
statin prescription, but none in the most recent 180 day period.  Disease 
defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 99 Statin Use as a Predictor of Osteomyelitis (454 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.77 (0.63, 0.94) 0.008 

 Former Statin Use 2.57 (1.64, 4.03) <0.001 

Model 2 Current Statin Use 0.86 (0.70, 1.05) 0.13 

 Former Statin Use 2.51 (1.60, 3.95) <0.001 

Model 3 Current Statin Use 0.77 (0.62, 0.95) 0.01 

 Former Statin Use 1.95 (1.23, 3.07) 0.004 

Model 4 Current Statin Use 0.78 (0.63, 0.97) 0.02 

 Former Statin Use 1.89 (1.19, 3.02) 0.008 

Model 5 Current Statin Use 0.75 (0.59, 0.94) 0.01 

 Former Statin Use 1.88 (1.18, 2.99) 0.008 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 100 Influence of Case Definition on Observed Statin Effect in Predicting 
Osteomyelitis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=499) 

Current Statin Use 0.71 (0.56, 0.88) 0.002 

Former Statin Use 1.68 (1.06, 2.66) 0.03 

Variation 2: Single outpatient claim sufficient (n=720) 

Current Statin Use 0.79 (0.66, 0.94) 0.009 

Former Statin Use 1.49 (1.00, 2.22) 0.05 

Variation 3: Only inpatient claims sufficient (n=350) 

Current Statin Use 0.79 (0.61, 1.02) 0.07 

Former Statin Use 1.79 (1.06, 3.01) 0.03 

Note: HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is defined 
as filling at least one statin prescription in the previous 180 day period.  
Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 101 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Osteomyelitis (454 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.75 (0.59, 0.96) 0.02 

Former Statin Use 1.07 (0.78, 1.49) 0.67 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.75 (0.59, 0.95) 0.02 

Former Statin Use 1.39 (0.93, 2.08) 0.11 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.79 (0.62, 0.99) 0.04 

Former Statin Use 1.77 (0.91, 3.45) 0.10 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.82 (0.65, 1.02) 0.08 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 102 New-User Design for Statin Effect in Predicting Osteomyelitis (210 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.18 (0.76, 1.83) 0.46 

Former Statin Use 6.95 (2.18, 22.09) 0.001 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.30 (0.86, 1.97) 0.22 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 103 Statin Effect in Predicting Osteomyelitis, Stratified by Propensity 
Score (454 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.72 (0.58, 0.90) 0.004 

Former Statin Use 2.31 (1.47, 3.63) <0.001 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.83 (0.66, 1.03) 0.09 

Former Statin Use 2.43 (1.55, 3.83) <0.001 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use. 
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Table 3. 104 Statin Use as a Predictor of Candidiasis (565 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.61 (0.51, 0.73) <0.001 

 Former Statin Use 1.80 (1.15, 2.80) 0.01 

Model 2 Current Statin Use 0.67 (0.56, 0.81) <0.001 

 Former Statin Use 1.76 (1.13, 2.74) 0.01 

Model 3 Current Statin Use 0.75 (0.62, 0.90) 0.003 

 Former Statin Use 1.76 (1.12, 2.76) 0.01 

Model 4 Current Statin Use 0.77 (0.63, 0.94) 0.009 

 Former Statin Use 1.46 (0.92, 2.31) 0.11 

Model 5 Current Statin Use 0.72 (0.58, 0.90) 0.003 

 Former Statin Use 1.45 (0.91, 2.29) 0.12 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 105 Influence of Case Definition on Observed Statin Effect in Predicting 
Candidiasis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=625) 

Current Statin Use 0.77 (0.63, 0.94) 0.01 

Former Statin Use 1.45 (0.94, 2.25) 0.10 

Variation 2: Single outpatient claim sufficient (n=1,372) 

Current Statin Use 0.90 (0.79, 1.02) 0.10 

Former Statin Use 1.18 (0.84, 1.65) 0.34 

Variation 3: Only inpatient claims sufficient (n=408) 

Current Statin Use 0.71 (0.55, 0.92) 0.008 

Former Statin Use 1.46 (0.87, 2.45) 0.15 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 106 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Candidiasis (565 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.65 (0.51, 0.81) <0.001 

Former Statin Use 1.28 (0.96, 1.70) 0.09 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.71 (0.57, 0.88) 0.002 

Former Statin Use 1.29 (0.89, 1.87) 0.18 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.75 (0.61, 0.93) 0.007 

Former Statin Use 1.64 (0.83, 3.25) 0.15 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.78 (0.63, 0.95) 0.02 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 107 New-User Design for Statin Effect in Predicting Candidiasis (303 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.90 (0.60, 1.35) 0.60 

Former Statin Use 4.34 (1.38, 13.69) 0.01 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.98 (0.66, 1.44) 0.90 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 108 Statin Effect in Predicting Candidiasis, Stratified by Propensity 
Score (565 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.57 (0.46, 0.69) <0.001 

Former Statin Use 1.59 (1.02, 2.49) 0.04 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.78 (0.64, 0.96) 0.02 

Former Statin Use 1.69 (1.08, 2.65) 0.02 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use. 
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Table 3. 109 Statin Use as a Predictor of Tuberculosis (92 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.29 (0.17, 0.49) <0.001 

 Former Statin Use NA NA NA 

Model 2 Current Statin Use 0.34 (0.20, 0.58) <0.001 

 Former Statin Use NA NA NA 

Model 3 Current Statin Use 0.45 (0.26, 0.78) 0.004 

 Former Statin Use NA NA NA 

Model 4 Current Statin Use 0.50 (0.29, 0.88) 0.02 

 Former Statin Use NA NA NA 

Model 5 Current Statin Use 0.44 (0.23, 0.84) 0.01 

 Former Statin Use NA NA NA 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 110 Influence of Case Definition on Observed Statin Effect in Predicting 
Tuberculosis 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=100) 

Current Statin Use 0.46 (0.25, 0.84) 0.01 

Former Statin Use NA NA NA 

Variation 2: Single outpatient claim sufficient (n=174) 

Current Statin Use 0.51 (0.33, 0.77) 0.002 

Former Statin Use 0.26 (0.04, 1.87) 0.18 

Variation 3: Only inpatient claims sufficient (n=49) 

Current Statin Use 0.32 (0.13, 0.79) 0.01 

Former Statin Use NA NA NA 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 111 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Tuberculosis (92 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.32 (0.15, 0.67) 0.002 

Former Statin Use 0.90 (0.37, 2.22) 0.82 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.36 (0.18, 0.73) 0.005 

Former Statin Use 0.92 (0.28, 3.05) 0.89 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.42 (0.22, 0.81) 0.01 

Former Statin Use NA NA NA 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.42 (0.22, 0.80) 0.008 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 112 New-User Design for Statin Effect in Predicting Tuberculosis (60 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.57 (0.18, 1.85) 0.35 

Former Statin Use NA NA NA 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.56 (0.17, 1.81) 0.33 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 113 Statin Effect in Predicting Tuberculosis, Stratified by Propensity 
Score (92 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.27 (0.15, 0.51) <0.001 

Former Statin Use NA NA NA 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.38 (0.20, 0.73) 0.003 

Former Statin Use NA NA NA 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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 Table 3. 114 Statin Use as a Predictor of Migraines (748 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.40 (0.34, 0.48) <0.001 

 Former Statin Use 0.85 (0.45, 1.59) 0.61 

Model 2 Current Statin Use 0.88 (0.73, 1.06) 0.19 

 Former Statin Use 1.29 (0.69, 2.43) 0.43 

Model 3 Current Statin Use 0.89 (0.74, 1.08) 0.23 

 Former Statin Use 1.19 (0.63, 2.23) 0.60 

Model 4 Current Statin Use 0.88 (0.73, 1.07) 0.19 

 Former Statin Use 1.05 (0.55, 1.99) 0.88 

Model 5 Current Statin Use 0.89 (0.72, 1.11) 0.30 

 Former Statin Use 1.05 (0.55, 1.99) 0.88 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 115 Influence of Case Definition on Observed Statin Effect in Predicting 
Migraines 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=803) 

Current Statin Use 0.88 (0.71, 1.09) 0.23 

Former Statin Use 1.15 (0.64, 2.06) 0.65 

Variation 2: Single outpatient claim sufficient (n=1,492) 

Current Statin Use 0.88 (0.76, 1.01) 0.08 

Former Statin Use 1.07 (0.72, 1.61) 0.73 

Variation 3: Only inpatient claims sufficient (n=128) 

Current Statin Use 0.81 (0.50, 1.32) 0.40 

Former Statin Use 0.43 (0.10, 1.86) 0.26 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 116 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Migraines (748 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.87 (0.69, 1.09) 0.22 

Former Statin Use 1.04 (0.74, 1.45) 0.84 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.90 (0.72, 1.12) 0.33 

Former Statin Use 0.94 (0.58, 1.52) 0.80 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.91 (0.73, 1.12) 0.37 

Former Statin Use 0.65 (0.16, 2.63) 0.55 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.90 (0.73, 1.12) 0.34 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 117 New-User Design for Statin Effect in Predicting Migraines (375 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 0.96 (0.60, 1.51) 0.84 

Former Statin Use 1.93 (0.27, 13.88) 0.51 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 0.98 (0.62, 1.54) 0.92 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 118 Statin Effect in Predicting Migraines, Stratified by Propensity Score 
(748 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.96 (0.60, 1.51) 0.84 

Former Statin Use 1.93 (0.27, 13.88) 0.51 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.85 (0.69, 1.04) 0.12 

Former Statin Use 1.22 (0.65, 2.30) 0.53 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 119 Statin Use as a Predictor of Hemorrhoids (1,813 incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.75 (0.68, 0.83) <0.001 

 Former Statin Use 1.25 (0.89, 1.75) 0.20 

Model 2 Current Statin Use 0.81 (0.73, 0.89) <0.001 

 Former Statin Use 1.22 (0.87, 1.71) 0.26 

Model 3 Current Statin Use 0.83 (0.75, 0.92) <0.001 

 Former Statin Use 1.21 (0.86, 1.71) 0.26 

Model 4 Current Statin Use 0.86 (0.77, 0.95) 0.003 

 Former Statin Use 1.08 (0.77, 1.53) 0.66 

Model 5 Current Statin Use 0.82 (0.73, 0.91) 0.001 

 Former Statin Use 1.07 (0.76, 1.51) 0.70 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 120 Influence of Case Definition on Observed Statin Effect in Predicting 
Hemorrhoids 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=2,646) 

Current Statin Use 0.85 (0.77, 0.93) <0.001 

Former Statin Use 1.08 (0.82, 1.43) 0.57 

Variation 2: Single outpatient claim sufficient (n=7,416) 

Current Statin Use 0.93 (0.89, 0.99) 0.01 

Former Statin Use 1.22 (1.05, 1.42) 0.01 

Variation 3: Only inpatient claims sufficient (n=296) 

Current Statin Use 0.63 (0.48, 0.84) 0.001 

Former Statin Use 1.31 (0.70, 2.46) 0.40 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 121 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Hemorrhoids (1,813 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.79 (0.70, 0.89) <0.001 

Former Statin Use 1.00 (0.83, 1.20) 0.99 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.81 (0.72, 0.91) <0.001 

Former Statin Use 0.99 (0.76, 1.27) 0.91 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.82 (0.74, 0.92) 0.001 

Former Statin Use 1.14 (0.65, 1.99) 0.64 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.83 (0.74, 0.93) 0.001 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 122 New-User Design for Statin Effect in Predicting Hemorrhoids (839 
incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.23 (0.97, 1.55) 0.09 

Former Statin Use 2.43 (0.91, 6.52) 0.08 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.26 (1.00, 1.58) 0.05 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 123 Statin Effect in Predicting Hemorrhoids, Stratified by Propensity 
Score (1,813 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.77 (0.69, 0.86) <0.001 

Former Statin Use 1.20 (0.85, 1.69) 0.29 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.87 (0.78, 0.98) 0.02 

Former Statin Use 1.19 (0.85, 1.68) 0.31 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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Table 3. 124 Statin Use as a Predictor of Benign Prostatic Hyperplasia (9,024 
incident cases) 

Model Exposure HR 95% CI p 

Model 1 Current Statin Use 0.99 (0.94, 1.03) 0.49 

 Former Statin Use 1.10 (0.91, 1.33) 0.33 

Model 2 Current Statin Use 0.84 (0.81, 0.88) <0.001 

 Former Statin Use 0.98 (0.81, 1.18) 0.81 

Model 3 Current Statin Use 0.88 (0.84, 0.92) <0.001 

 Former Statin Use 1.00 (0.83, 1.21) 0.97 

Model 4 Current Statin Use 0.89 (0.85, 0.93) <0.001 

 Former Statin Use 1.01 (0.83, 1.22) 0.95 

Model 5 Current Statin Use 0.87 (0.83, 0.91) <0.001 

 Former Statin Use 1.00 (0.83, 1.21) 0.99 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.  Disease defined as 
one inpatient or two outpatient claims > 30 days apart.     

Model 1 is crude (unadjusted) statin effect.  Model 2 adjusts for demographics 
(sex, race, marital status, local VISN, eligibility for services, and ordinal age).  
Model 3 further adjusts for comorbidity by including quintile of Chronic 
Disease Score and significant Elixhauser conditions.  Model 4 further adjusts 
for significant medication classes.  Model 5 further adjusts for frequency of 
health care visits during the first 180 days of statin use.    
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Table 3. 125 Influence of Case Definition on Observed Statin Effect in Predicting 
Benign Prostatic Hyperplasia 

Exposure HR 95% CI p 

Variation 1: Any two outpatient claims sufficient (n=9,517) 

Current Statin Use 0.87 (0.83, 0.92) <0.001 

Former Statin Use 1.01 (0.84, 1.22) 0.90 

Variation 2: Single outpatient claim sufficient (n=16,734) 

Current Statin Use 0.92 (0.88, 0.95) <0.001 

Former Statin Use 0.99 (0.87, 1.12) 0.83 

Variation 3: Only inpatient claims sufficient (n=1,379) 

Current Statin Use 0.83 (0.73, 0.94) 0.003 

Former Statin Use 0.96 (0.66, 1.41) 0.83 

Note:  HR = Hazard Ratio; CI = Confidence Interval; Current Statin Use is 
defined as filling at least one statin prescription in the previous 180 day 
period.  Former statin use is defined as having at least one previous statin 
prescription, but none in the most recent 180 day period.   

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 126 Influence of Exposure Definition on Observed Statin Effect in 
Predicting Benign Prostatic Hyperplasia (9,024 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 30 Days 

Current Statin Use 0.86 (0.82, 0.91) <0.001 

Former Statin Use 0.95 (0.87, 1.04) 0.27 

Variation 2: Statin Prescription in Previous 90 Days 

Current Statin Use 0.86 (0.82, 0.91) <0.001 

Former Statin Use 1.02 (0.90, 1.17) 0.73 

Variation 3: Statin Prescription in Previous 365 Days 

Current Statin Use 0.87 (0.83, 0.92) <0.001 

Former Statin Use 0.86 (0.60, 1.22) 0.39 

Variation 4: Ever Had Statin Prescription  

Ever Statin Use 0.87 (0.83, 0.92) <0.001 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use.    
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Table 3. 127 New-User Design for Statin Effect in Predicting Benign Prostatic 
Hyperplasia (3,180 incident cases) 

Exposure HR 95% CI p 

Variation 1: Statin Prescription in Previous 180 Days 

Current Statin Use 1.14 (1.00, 1.29) 0.04 

Former Statin Use 1.46 (0.65, 3.25) 0.36 

Variation 2: Ever Had Statin Prescription  

Ever Statin Use 1.14 (1.01, 1.29) 0.04 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, 
significant Elixhauser conditions and drug classes, and frequency of health 
care visits during the first 180 days of statin use. 
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Table 3. 128 Statin Effect in Predicting Benign Prostatic Hyperplasia, Stratified by 
Propensity Score (9,024 incident cases) 

Exposure HR 95% CI p 

Reference Model: Statin Effect in Previous 180 Days 

Current Statin Use 0.84 (0.80, 0.88) <0.001 

Former Statin Use 0.99 (0.82, 1.20) 0.91 

Same Model, Stratified by Propensity Score  

Current Statin Use 0.90 (0.86, 0.95) <0.001 

Former Statin Use 0.98 (0.81, 1.18) 0.82 

Note:  HR = Hazard Ratio; CI = Confidence Interval; NA = Not Applicable; 
Current Statin Use is defined as filling at least one statin prescription in the 
previous 180 day period.  Former statin use is defined as having at least one 
previous statin prescription, but none in the most recent 180 day period.  
Disease defined as one inpatient or two outpatient claims > 30 days apart.     

Each model adjusted for demographics, Chronic Disease Score quintile, and 
frequency of health care visits during the first 180 days of statin use.    
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CHAPTER FOUR 

DISCUSSION 

This study provided an opportunity to examine the effects of statin use in a 

natural setting based on actual physician and patient behavior, rather than an 

artificial randomized clinical trial.  During the study follow-up period, which 

ranged from October 1, 2001 to September 30, 2004, statins were prescribed for 

cholesterol reduction and prevention of cardiovascular diseases, although 

interest for off-label indications was percolating among researchers and health 

care providers.   

Immune-mediated Conditions 

In this study, current statin use appeared to be protective against some 

immune-mediated conditions (Table 4.1), including SLE, RA, psoriasis, and 

inflammatory bowel disease.  There was a nearly significant decrease in the 

incidence rates of ankylosing spondylitis, although this association was not 

observed for other spondyloarthropathies.  There were no significant 

associations between statin use and incident temporal arteritis, multiple sclerosis, 

psoriatic arthritis, sarcoidosis, thyroiditis, Sjögren’s syndrome, and scleroderma.  

In several cases, current statin use was not associated with disease incidence, 

but former statin use was associated with increased incidence rates.  

Specifically, former use was associated with elevated incidence rates in the 

analyses of polymyalgia rheumatica and autoimmune hemolytic anemia.  

Diffuse Connective Tissue Diseases  

Current statin use was inversely associated with DCTD diagnosis in this 

study, although this association was only marginally statistically significant 

(p=0.08), despite a borderline inverse statistical association with SLE (HR: 0.52, 
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95% CI: 0.26-1.01, p=0.05).  A possible reason for this discrepancy is that the 

DCTD disease outcome included multiple, somewhat related conditions.  While 

this increased the case number and power for the analysis, it also introduced 

heterogeneity in the outcome.  This could have dampened the association 

enough to make it non-significant.  Furthermore, as noted in the Methods section 

above, the number of incident cases identified in the follow-up period may not 

have provided sufficient power to detect a relationship.  As noted below, the SLE 

analysis was not robust to some of the sensitivity analyses.    

Systemic Lupus Erythematosus 

It is well known that some medications can induce a lupus-like syndrome, 

and there have been multiple case studies of drug-induced lupus with the statins 

as well [32, 33, 35-38, 177, 178].  There have also been rare case reports of 

dermatomyositis [179, 180] and “pseudopolymyositis” [181]. One search yielded 

28 cases of statin-induced autoimmune diseases with two associated fatalities 

[182].  However, some reviews suggest that statins may be a potential therapy to 

help prevent accelerated atherosclerosis associated with lupus [183, 184].  A 

very small study in lupus patients suggested that a short course of simvastatin 

had a positive effect on peripheral lymphocytes in patients [185].  

If there is a true lowering of DCTD diagnosis due to statins in this study, 

this would appear contrary to the case reports.  However, if statins are helpful in 

preventing flare-ups of lupus due to the anti-inflammatory effects, this could be 

detected as a decrease in diagnoses (which would actually be relapses rather 

than incident disease).  It could be possible that statins could induce antibody-

mediated aspects of autoimmune disease while also suppressing cell-mediated 

aspects.      
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Rheumatoid Arthritis  

There appeared to be a protective effect for current statin use in RA (HR: 

0.68, 95% CI: 0.56-0.83, p<0.001).  There has been interest in the possible 

therapeutic effects of the statins in patients with rheumatoid arthritis in prevent 

acceleration of atherosclerosis [104], and a trial in the use of statins for primary 

prevention in patients with elevated C-reactive protein has been initiated [186].    

One small series (n=8) suggested an improvement of joint symptoms and 

some inflammatory markers, including erythrocyte sedimentation rate and 

rheumatoid factor, among RA patients who were taking statins [67].  Another 

small series (n=15) suggested a clinical response of simvastatin, compared to 

chloroquine, in patients with refractory RA [185].  A favorable shift in Th1/Th2 

ratio and CD4/CD8 ratio was observed in another small study of patients (n=24) 

[64]. 

In the Trial of Atorvastatin in Rheumatoid Arthritis (TARA) trial (n=116), 

investigators found an improvement in inflammatory markers, disease severity, 

and joint symptoms in patients taking atorvastatin, compared to placebo [187].  

Also, one larger cohort study (n=4,152) presented an improvement in RA disease 

activity among statin users [188].  Although statin use was associated with 

corticosteroid use, statins were significantly associated with subjective pain 

improvement, clinical assessment, and number of swollen joints.  However, there 

are no studies at present which describe a relationship between statin use and 

incidence or prevention of rheumatoid arthritis.    

Multiple Sclerosis  

There was no statistically significant association between statin use and 

occurrence of MS (HR: 0.78, 95% CI: 0.46-1.34, p=0.36).  Statins appeared 

protective in the crude model and when demographic characteristics were 
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adjusted for in the main analysis, but the association became non-significant 

when comorbidity indicators were added to the model.  The study may have been 

underpowered to detect an association with statin use, as there were 110 new 

cases of MS in the study sample and the adjustment models did include a large 

number of indicator variables.  Also, if there was heterogeneity of statin effects 

among the different manifestations of MS, the hazard estimate could be biased 

toward the null hypothesis.  However, this study does not support a role for 

statins in changing the incidence of MS.  Also, this study could not differentiate 

between the individual agents, and only the lipophilic statins can readily cross the 

blood-brain barrier [189], although simvastatin was the most commonly used 

statin and is lipophilic.   

Another concern in this investigation is that multiple sclerosis is more often 

diagnosed in individuals aged 18 to 50 [112], which is younger than the average 

age in this study population.   Furthermore, studies of MS patients treated at VA 

medical centers are more likely to be older, male, lower income, and have more 

disability than non-veterans with MS [190].  Men are more likely to have primary 

progressive MS, whereas women are more likely to remitting-relapsing MS [112].  

There is also evidence to suggest that diagnostic delay has been decreasing 

since 1980 due to improved clinical criteria and imaging techniques [191].      

In this study, the diagnosis of incident disease is based on a one-year 

period of medical information without claims for the disease in question.  

Therefore, it is possible that some of our MS cases are actually relapses of 

existing disease.  This would affect the ability to differentiate whether statins 

were influencing disease incidence or progression.  Along these lines, this study 

does not preclude the potential benefits statins may have in treating multiple 

sclerosis, which is supported by laboratory findings in in vitro studies [189, 192] 

and in animal models [62, 193-196].  A case series of oral simvastatin suggested 
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a decrease in the number and volume of enhancing MS lesions among patients 

with relapsing-remitting multiple sclerosis (n=28), but the investigators did not 

have a comparison group [197].  A phase II trial is currently underway to examine 

the effects of high-dose atorvastatin in the treatment of MS [198].     

Polymyalgia Rheumatica and Giant Cell Arteritis  

Polymyalgia rheumatica was one of the conditions where current statin 

use appeared to have no benefit, and former statin use as associated with a 

significant increase in risk of diagnosis.  There were no associations with GCA, 

although these conditions often co-occur and may be related manifestations of 

the same pathological process.  The findings of new diagnosis among “former” 

statin users could be a direct result of the drug, if statin cessation in some way 

induced the condition.  However, we cannot exclude the possibility that statin-

related myalgias, which are commonly monitored for in statin users and a clinical 

contraindication to continuing the medication, could be misdiagnosed as the 

myalgias of PMR.  Certainly, there have been case reports of polymyalgia 

syndromes as documented “hypersensitivities” to statins [43, 44, 199], which 

could be confused for atypical PMR [43].  Typically, PMR diagnosis requires two 

criteria.  First, there is typically bilateral moderate to severe pain and stiffness in 

the two regions, which worsen with movement and is accompanied by morning 

stiffness.  Also, there must be evidence of systemic inflammation, such as an 

elevated ESR [200].  From the data used in this study, we cannot be sure that 

patients had laboratory conformation of their diagnosis.  This is a particular 

concern because there was an impact of using the outpatient claims for the case 

definition.  The number of cases of PMR that were based on a single case claim 

was high, as there were 251 subjects meeting the case definition in the main 

analysis, whereas 424 met the case definition if a single outpatient claim was 
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sufficient and only 39 cases were found in inpatient claims.  However, the 

statistical significance of former statin use persisted in these analyses.  Also, the 

new user design approached was marginally significant for former use (HR: 6.40, 

95% CI: 0.88-46.84, p=0.07) compared to non-use, or ever statin use (HR: 1.70, 

95% CI: 0.96-2.99, p=0.07).  These findings could support an increased rate of 

diagnosis of PMR or misdiagnosis of statin-induced myalgia.  However, there 

was also a similar increase in risk for former use of other (non-statin) cholesterol 

medications, which could suggest a role for increased surveillance or vigilance.     

  There has been hope for statins as a potential modifier for corticosteroid 

treatment of vasculitis such as GCA [201], but there has not been an observed 

benefit [202].  There is little evidence to support the use of statins in treating 

PMR or GCA.  A small observational study (n=54) also showed no benefit of 

statins in reducing the requirements for corticosteroid treatment in patient with 

giant cell arteritis [202].  A more recent observational study (n=121) also 

suggested no statin benefit in preventing relapse or altering treatment 

requirements [203].  Therefore, further investigation into these conditions is likely 

unwarranted.   

Psoriasis 

Current statin use appeared to lower the rate of psoriasis diagnosis (but 

not psoriatic arthritis) in the main analysis (HR: 0.63, 95% CI: 0.52-0.77, 

p<0.001), and this finding was also significant when any statin use was 

considered (HR: 0.65, 95% CI: 0.53-0.79, p<0.001).  In comparison, non-statin 

cholesterol medication use suggested a marginal increased rate of diagnosis 

(HR: 1.37, 95% CI: 0.98-1.90, p=0.07).   

There is little research regarding statin use and psoriasis, although there 

is a suggestion that statins could alter disease progress by adhesion molecules 
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(LFA-1) [56, 86] and could dampening Th1 immune responses [86].  Statins may 

have a role in treatment of psoriasis, but the evidence is lacking.  A study in 1992 

suggested that lovastatin did not alter the clinical course of psoriasis and may 

contribute to toxic erythema [204].  There is also a case report of increased 

exacerbations in a psoriatic patient who used multiple statins [205], although 

there have not been other observational studies of this phenomenon.  However, 

a small pilot series (n=7) was conducted to examine the effect of simvastatin on 

psoriasis, with modest improvements in surface area and severity measurements 

[206].   

Spondyloarthropathy  

When all spondyloarthropathies were considered together, there was not a 

significant statin effect on incidence.  However, among ankylosing spondylitis 

alone, there appeared to be a protective effect, which was of borderline statistical 

significance in the final model (HR: 0.55, 95% CI: 0.29-1.04, p=0.06).   

Given the recent information about and immune-mediated diseases, a 

small, open-label study of rosuvastatin was conducted in patients with AS [207].  

An improvement in symptoms and markers of inflammation were seen in patients 

during the 12 week trial of the statin, with these improvements dissipating after 

the statin was withdrawn.      

Other, non-ankylosing, spondyloarthropathies as a group were not 

significantly associated with statin use.  Although these diseases are similar in 

nature to AS, they are different disease entities.  The other individual forms of 

spondylitis occurred in too small of numbers to be analyzed separately.  

Furthermore, by clustering heterogeneous diseases together, we would likely 

bias the results toward the null.  However, in this study, the hazard ratio 

estimates for current and former statin use were both in the direction of a harmful 
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but non-significant association.  Therefore, these findings suggest that AS and 

the other spondyloarthropathies may have clearly different responses to statin 

exposure.  

Inflammatory Bowel Disease 

Current statin use was associated with lower rates IBD diagnosis (HR: 

0.60, 95% CI: 0.45-0.81, p=0.001), as well as the diagnoses of the individual 

conditions of Crohn’s disease (HR: 0.54, 95% CI: 0.34-0.84, p=0.007) and 

ulcerative colitis (HR: 0.65, 95% CI: 0.45-0.92, p=0.02).  However, other 

cholesterol medications were associated with increased risk of IBD (current user 

HR: 1.40, 95% CI: 0.86-2.28, p=0.18 and former user HR: 2.50, 95% CI: 1.09-

5.73, p=0.03), which was also observed for ulcerative colitis diagnosis (current 

user HR: 1.20, 95% CI: 0.63-2.30, p=0.58 and former user HR: 2.73, 95% CI: 

1.09-6.85, p=0.03). 

Although there is mounting laboratory data suggesting that statins may 

influence IBD severity and progression, little has been published regarding 

associations between statins and IBD in humans.  A case report suggested that a 

patient suffered from a fatal bout of ulcerative colitis that coincided with the 

initiation of simvastatin, and the authors cited eight additional reported cases of 

colitis reported to the manufacturer [40].   

Sarcoidosis 

There is little published evidence of associations between statins and 

sarcoid, with the exception of one case report suggesting that statin use 

worsened myotonia associated with sarcoidosis in a patient [208].  In this study, 

there were no statistically significant findings between statin use and diagnosis of 

sarcoidosis.  This is interesting, as sarcoidosis is predominantly a Th1 immune 

response.  However, even if statins were active in patients with sarcoid, they 
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might not influence disease presentation.  Furthermore, the number of identified 

cases of sarcoid was very small as this is a relatively rare disease, particularly in 

a sample that is predominately male.     

Infections 

Several of the infectious conditions were also found to be diagnosed less 

frequently among current statin users (Table 4.2).  Bacterial pneumonia, cellulitis, 

urinary tract infections, candidiasis, and tuberculosis were significantly less 

common among current statin users.  Sepsis and osteomyelitis were significantly 

less common in current users, but significantly more common in former users.  

No significant findings were observed between statin use and diagnosis with 

Histoplasmosis, herpes zoster, or influenza, nor with cystitis or pyelonephritis 

specifically.  Elevated rates of diagnosis in former statin users could support the 

concept of the healthy user effect or the healthy adherer effect, described later.   

Influenza  

  Influenza incidence was not associated with statin use in this study.  

Statin use has been associated with vaccination status for influenza [209].  A 

preliminary study using data from the Netherlands was conducted that found that 

statin users had a lower risk of pneumonia (26% reduction) but only during flu 

seasons [210].  This led to speculation that statin use might alter the 

inflammatory milieu in the lung in response to influenza [210, 211], particularly in 

the most virulent strains like H5N1 [211].  One group found that statin users had 

decreased mortality from influenza / pneumonia (OR=0.60, 0.44-0.81), and they 

replicated their findings in two case-control studies [212].  However, immortal 

time bias and healthy user effects have been offered as alternate explanations 

for these findings [213], and these issues are discussed below in the context of 

the current study.        
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Pneumonia  

Current statin use was associated with a 23% reduction in the risk of being 

diagnosed with bacterial pneumonia in this study, after adjustment for 

confounders.  There was not a similar protective effect seen in non-statin agents.  

When using propensity scores, a similar protective effect was observed for 

current statin users, but there was a significantly increased risk for pneumonia 

diagnosis among former users.  When the new-user design was used, there was 

no longer a protective effect observed for current use but the increased risk in 

former users was still present.   

This study suggests that current statin use may be associated with 

decreased risk of incident bacterial pneumonia.  This is supportive of previous 

published findings from a case-control study in diabetic patients (adjusted odds 

ratio of 0.49, 95% CI: 0.35, 0.69) [214].  A recent nested case-control study using 

the General Practice Research Database also found a significant protective 

association with current statin use and pneumonia mortality, but non-significant 

associations for uncomplicated pneumonia or hospitalizations for pneumonia 

[215].  They also noted no similar effect for fibrate use over the same time period.        

Although this data suggests that statins may have a role in preventing 

pneumonia diagnosis, it is still not clear that statins would alter the disease 

progression in individuals who get pneumonia.  There have been four published 

epidemiologic studies specifically examining pneumonia and statins [214-217], 

which were recently discussed in a systematic review by Falagas and colleagues 

[218].  Mortensen and colleagues reported a mortality benefit in patients with 

community-acquired pneumonia who were on statins at presentation to the 

hospital, compared to nonusers [217].  Mortensen’s group went on to show a 

similar decrease in mortality among a national sample of veterans who were 

hospitalized with community-acquired pneumonia [219].  Another study was 
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limited to patients with diabetes (n=20,041), which presented a substantial 

decrease in risk for pneumonia diagnosis (adjusted OR 0.49, 0.37-0.68) [214].  

Schlienger and colleagues conducted a nested case-control analysis (n=6,091), 

where they considered those on statins, those with hyperlipidemia but not on 

medications, and healthy controls [215].  In that study, they found a non-

significant protective association between statin use and uncomplicated 

pneumonia and hospitalization from pneumonia, but there was a statistically 

significant decrease in the risk for fatal pneumonia (adjusted OR = 0.47, 0.25-

0.88) [215].  However, another recent study of patients with community-acquired 

pneumonia (n=3,415) found that statin use at baseline was not associated with 

changes in mortality or need for intensive care unit admission, once confounding 

factors were accounted for in the analysis [216].  The authors of this study felt 

that the calculated propensity score used in the analysis may reflect a “healthy 

user” status, as discussed below.  In their study, they found that statin users 

were more likely to be former smokers, more likely to have current immunizations 

for pneumococcus and influenza, and were less likely to have advanced 

directives or to be admitted from a nursing home [216].   

Rhabdomyolysis has been anecdotally been observed in patients using 

statins with macrolide antibiotics [220, 221].  Also, there has been a case-report 

of statin-induced interstitial pneumonia [181], which could potentially be confused 

for bacterial pneumonia on routine chest films.  However, if this was an important 

adverse event associated with statin use, this would likely manifest as a harmful 

association.        

Sepsis  

The HR for current statin use remained protective (HR: 0.61, 95% CI: 

0.51-0.72, p<0.001) and the HR for former statin use remained elevated (HR: 
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1.44, 95% CI: 1.01-2.05, p=0.04), despite adjustment for demographics 

diagnoses, other medication use, and visit rates in the main analysis.  

In humans, the use of statins has recently been suggested as a treatment 

for sepsis and multiorgan dysfunction syndrome [222], with clinical trials actually 

underway [218].  There have been nine published epidemiologic studies of 

sepsis or bacteremia [121, 223-230], as recently reviewed by Falagas and 

colleagues [218].  Of these studies, there was a reduced risk of sepsis-related 

hospitalization among hemodialysis patients in one study [223] and a reduced 

risk of ICU admission in one study [121].  There was also a survival benefit for 

statin use reported in three of these studies [225, 226, 228], with no survival 

benefit in two studies [227, 230], and a delayed survival benefit reported in one 

study [229].  In patients with specific pre-existing diseases, statin use was 

associated with a decreased incidence rate of sepsis (RR 0.25, 0.11-0.49) in 

chronic kidney patients on hemodialysis [223] and a decreased incidence rate of 

sepsis (HR = 0.81, 0.72-0.91) in patients with atherosclerosis [224].   

Cellulitis  

Current statin use was associated with a 25% decreased rate of cellulitis 

diagnosis in this study.  There have been no studies published investigation 

associations between statin use and cellulitis, per se. However, one study 

included patients with cellulitis as part of the subjects at risk for sepsis, as 

reviewed above [121].  There have been rare case reports of drug-associated 

rashes, such as a lichenoid dermatitis [231], lichen planus pemphigoides [232], 

and a small series of generalized eczema [233].  However, these conditions 

would not likely be confused with bacterial cellulitis, and additional cases due to 

statin use would drive the association in the opposite direction than was 

observed in this study.  Finally, there was one study that suggested an increased 
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risk of surgical site hemorrhage, but not infection, after hernia repair among statin 

users [234].   

Urinary Tract Infections 

Current statin use was associated with a 27% decreased risk of diagnosis 

of any urinary tract infection in this study.  The new-user analysis could not 

confirm a protective association of current statin use, but did suggest an elevated 

risk of UTI among former users.  Similarly, although pyelonephritis was not 

significantly associated with statin use (whether current or former) in the main 

analysis, the new-user design estimated an increased risk for pyelonephritis 

among statin users.   

Again, there have been little clinical literature suggesting studies 

specifically addressing UTI and statins.  Like cellulitis, bacterial UTI can be an 

important cause of sepsis, and one article addresses this risk as discussed below 

[121].  However, one study addressed infectious complications after 

cardiothoracic surgery.  Coleman and colleagues found that preoperative statins 

were associated with an overall decreased risk of post-operative infection, but 

the risk of UTI (n=43) was non-significantly decreased [235].   

Osteomyelitis 

Current statin use was associated with a 25% decrease in the rate of 

osteomyelitis diagnosis in this study, but former statin use was 88% increase in 

diagnosis rate.  This pattern was observed throughout the sensitivity analyses.  

Similarly, the new-user analysis did not show a significant change among current 

statin users, but the hazard rate for former users was nearly seven-fold higher 

than non-users.   

There have been no previous published studies linking osteomyelitis and 

statin use (either current or former).  The findings for current osteomyelitis are 
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consistent with the other major bacterial infections in this investigation.  The 

dramatic increase among former users may be a function of small numbers, or 

alternate this could be a manifestation of the biases addressed below.                                                                     

Tuberculosis 

Diagnosis with active tuberculosis was significantly less likely among 

statin users in comparison to nonusers.  There was clearly no evidence to 

support reactivation of latent infection in statin users.   

When considering this outcome, one must consider that primary infection 

and reactivation of latent disease both may play a role.  As noted above, there is 

some evidence to support improved intracellular killing of TB in cells treated with 

statins [61, 74, 75].  The data in the present study could support this hypothesis.  

However, if those with latent disease are less likely to be prescribed a statin, 

whether for medical or socioeconomic reasons, this could lead to an apparent 

protective effect.  If the distribution of latent infection was not associated with the 

likelihood of being prescribed statins, than we might conclude that statins block 

TB reactivation, although clearly more study is needed.  Also, AIDS diagnoses 

were a screened covariate in this analysis, but it is unclear what extent HIV 

diagnosis and treatment could contribute to these findings.     

Candidiasis 

Candidal infections are among the most common fungal infections but can 

have severe consequences when unchecked.  Infections with Candida species 

are more common among those who are immunosuppressed, and florid 

candidiasis is typically only present with severe immune dysfunction.  In this 

study, current statin use was associated with lower risk, whereas former statin 

use had an elevated, but non-significant, risk.  
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Although there does not appear to be significant synergistic or 

antagonistic interactions between statins and azole antifungal drugs [131, 136], 

there is interest in the possibility that statins may inhibit fungal growth directly as 

a consequence of inhibiting cholesterol synthesis in candidal [132, 134, 137, 

236], as well as aspergillus [135], species.  No studies yet, however, have been 

published related statin use as either a treatment or a risk factor for candidiasis in 

humans.  If the findings in this study are not due to biases discussed below, this 

association could be a novel finding.        

Histoplasmosis 

Statins did not appear to be associated with Histoplasmosis diagnosis in 

this study.  An elevation in the risk of inpatient diagnosis was found but this was 

not statistically significant and may be due to chance based on the small number 

of diagnosed cases.  Furthermore, there have not been published findings, either 

in humans or in laboratory studies, association statin use with Histoplasma 

growth or immunity.     

Herpes Zoster  

  Herpes Zoster diagnosis was not associated with statin use in this study.  

There have been no studies showing an association between statin use, in vitro 

or in vivo, and VZV.  Statins are theorized to affect viral replication in herpes 

simplex infections, but the clinical importance of these findings has yet to be 

determined.  No evidence was found in this study that reactivation of latent 

infection was more likely in statin users.  Also interesting, though, is that shingles 

also was not elevated in former statin users.     
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Comparison Conditions 

Migraines  

Statin use was crudely associated with migraine occurrence but this 

association was appeared to be due to confounding factors, as the relationship 

did not persist with adjustment in the final model.  Headaches, although not 

specifically migraines, have been reported as a common side effect of statins 

[237].  There was one previous case report of altitudinal migraines which were 

attributed to pravastatin use that was not observed by the patient during years of 

lovastatin use [238].  However, another case report was published in 2006 of a 

patient with classic migraine that had complete resolution of symptoms when 

started on a statin for hyperlipidemia [237].  One small trial (n=54) compared 

simvastatin with propanolol in women with frequent migraines and found a similar 

reductions observed in both groups [239].  The underlying mechanism proposed 

for these observations is still being researched but may related to underlying 

regulation of cerebral circulation [237, 239]           

Hemorrhoids  

There was an 18% decrease in hemorrhoid diagnosis for current statin 

users, after only modest attenuation with the adjustment of covariates.  There is 

no published data to date linking statins and hemorrhoid diagnosis or 

pathogenesis.  Although the clinical relevance of this decrease may be 

questionable, this finding does provide some insight into the potential biases in 

the study.  In the new user analysis, the association switched to being statistically 

significant in a harmful direction, which could reflect some of the issues such as 

surveillance bias or biases introduced by including prevalent users as described 

below.     
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Benign Prostatic Hyperplasia  

For obvious reasons, this analysis was limited to men.  In this analysis, 

however, there was no crude association between statin use and the outcome.  

Interesting enough, though, a significant negative association arose with 

adjustment for covariates.  The final model was statistically significant, although 

the change in rates of diagnosis was only a 13% decrease and could represent 

Type I error simply due to the number of outcomes considered and the large 

sample size.  The fact that the association was unmasked, though, could be a 

function of negative confounding.  The association appeared with the adjustment 

of merely the demographic factors.  Although the variables were not considered 

separately, age would be a likely explanation for this observation.  Prostatic 

tissue continues to hypertrophy and is strongly correlated with age, and statin 

use may have a curvilinear association with age, as frail elders are less likely to 

receive statins as discussed below. 

At the study outset, there was no evidence in patients suggesting a link 

between statins and BPH.  However, on further review, there has been 

suggestion that lovastatin may be able to induce apoptosis in prostatic stromal 

cells [240].  A phase II trial was published in 2007 (n=319) using atorvastatin, 

which found no significant improvement in lower urinary tract symptoms in men 

with BPH [241].  Another epidemiologic study from the Rancho Bernardo cohort 

(n=531) found an association between serum LDL and BPH risk (but not other 

cholesterol fractions) [242].  Antilipemics did not alter the observed relationship, 

nor were they crudely associated with BPH [242].               

Findings from Sensitivity Analyses 

As part of this investigation, certain restrictions and redefinitions of key 

variables were used to help illustrate the impacts of these decisions on the 
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research question.  Variations in case ascertainment and exposure definitions 

were used.  Another variation was the use of the new-user design or propensity 

scores for statistical adjustment.   

Changes in Outcome (Case) Definition 

In many of the analyses, the stringency of the case definition influenced 

the point estimate to some degree, but rarely enough to alter the interpretation of 

the findings.  As one might expect, the use of a single outpatient claim tended to 

move the point estimate closer to the null, which would be the anticipated result 

from non-differential misclassification of the outcome.  However, in some 

instances, the point estimate did not change substantially but the confidence 

intervals narrowed, causing formerly non-significant associations to become 

significant, which was the case for multiple sclerosis.  In the main analysis, 

current statin use showed no significant association with incident MS (HR: 0.78, 

95% CI: 0.46-1.34, p=0.36), but current statin use was inversely associated with 

MS diagnosis when a single outpatient claim was sufficient (HR: 0.65, 95% CI: 

0.44-0.97, p=0.03).  This typically only occurred in situations where the number 

of events identified was much larger by the use of the more lenient case 

definition (110 incident cases of MS in the main analysis, compared to 193 cases 

in the outpatient analysis).  Another exception was seen with polymyalgia 

rheumatica, where the association between former statin use and increased 

rates of diagnosis with PMR became more significant, although the point 

estimate was not substantially different (HR: 2.11, 95% CI: 1.06-4.23, p=0.04 

among former users in the main analysis, compared to HR: 2.28, 95% CI: 1.38-

3.79, p=0.001 in the outpatient claims analysis).  Again, this finding may be due 

improved precision because of the increased number of cases (251 cases in the 

main analysis, compared to 424 in the outpatient claims).        
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Conversely, applying more stringent case definition criteria would be 

expected to affect misclassification in an opposite manner, by essentially 

decreasing the sensitivity and increasing the specificity of the diagnoses.  In this 

study, restricting cases to only those with inpatient claims tended to increase the 

magnitude of the associations but decreased the power to detect an association 

due to the reduction in the number of cases.  Therefore, many of the significant 

findings in the main analysis did not retain statistical significance, with the 

exceptions of bacterial pneumonia, cellulitis, urinary tract infections, Candidiasis, 

tuberculosis, and the comparison conditions of hemorrhoids and benign prostatic 

hyperplasia.  With the exception of tuberculosis, these conditions were among 

the most common and maintained relatively large case numbers despite the 

more stringent case definitions.  Although the number of tuberculosis cases was 

relatively small (only 49 cases in the inpatient analysis, compared to 92 in the 

main analysis), the magnitude of the association was furthest from the null 

hypothesis among the conditions under investigation.  In the inpatient analysis, 

the findings of increased incidence rates for polymyalgia rheumatica and 

autoimmune hemolytic anemia were both greater in magnitude and remained 

statistically significant.   

Changes in Statin Use (Exposure) Definition 

Selection of the exposure window can influence the point estimates.  The 

choice of prescription “time-windows” can bias estimates of risk and should 

reflect the period where the biological activity is hypothesized to act, and longer 

intervals tend to dampen observed associations [243].  Van Staa and colleagues 

suggested that time-windows should correspond to the prescription duration 

[243], although they also argue that the timing should also correspond to the 

period of most likely biological effect.  Using simulation data, van Staa and 
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colleagues showed that longer “time-windows” biased estimates toward the null 

hypothesis, in part due to the fact that there is non-differential misclassification of 

exposure during a greater proportion of the risk interval [243].  This has also 

been illustrated in the context of “recent” statin use (within the last 30 days) 

appearing to have a protective association on fracture risk. In a re-analysis of 

studies of these associations, investigators found that changing the statin 

exposure time-windows from 30 days to 6 months completely negated the 

protective associations [244].   

McMahon and colleagues comment that the period of biological activity 

undergoes a predictable sequence of risks when a new medication is initiated, 

included the no-risk induction period, a period of high hazard, and then a tapering 

of moderate hazard with eventual return to background incidence [245].  It has 

been suggested that the ideal time-window would capture the time from the 

“minimum induction period to the maximum moderate risk period” [245], and this 

period would preferably be determined based on data of the activity of the study 

drug.    

In the main analysis of this study, statin exposure was considered 

“current” if the patient had a prescription filled within 180 days.  However, the 

exposure “window” was allowed to vary as part of the sensitivity analyses.  In the 

sensitivity analysis, this window was tested at 30, 90, and 365 days as well.  In 

most cases, using a longer exposure window (180 or 365 days) tended to 

attenuate the observed associations.  This would be expected in the presence of 

a true biological association.  These multiple fixed time-windows were used 

based on relatively arbitrary cutoffs and were not initially driven by a 

hypothesized period of maximum drug effect.  However, the time-windows did 

coincide with frequently used prescription periods (often 1 month or 3 month 

periods in this study population), which is supported by the assertions put forth 
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by van Staa and colleagues [243].  Furthermore, if the six month time-window in 

the main analysis is longer than the ideal time frame, this would result in more 

conservative estimates.       

Changing the exposure definition to a dichotomous “ever treated with 

statins” exposure also affected the analysis, although in most cases this 

influence was negligible.  Some argue that allowing subjects to discontinue the 

drug, by becoming former users in the analysis, increases the risk of selection 

bias.  These former users are more likely to be ill and less able to tolerate 

medications, or they could be less compliant with medications in general.  By 

keeping them classified as “ever users” of statins, the analysis is more similar to 

an intention-to-treat analysis.  One might argue that this more closely 

approximates the findings a clinician may expect when considering whether or 

not to start a new drug.  In general, using the dichotomous “ever versus never” 

classification for statin use resulted in more conservative point estimates for the 

associations.  However, most significant associations from the main analysis 

remained significant despite this change, with the exception of the outcomes of 

DTCD (and SLE), autoimmune hemolytic anemia, polymyalgia rheumatica, and 

osteomyelitis.    

The Effect of Using Propensity Scores 

Propensity scores were calculated based on factors that predicted 

medication exposure; in this case, the exposure of interest was statin 

prescriptions.  Individuals with the same propensity score are equally likely to 

receive the treatment, in this case statins.  If there are no unaccounted for factors 

contributing to the likelihood of assignment, assignment essentially becomes 

random [246].  By using propensity scores, one can adjust for a large number of 

factors that are related to the exposure and may confound the relationship 
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between medication and the study outcomes [247].  By adjusting for this 

propensity, the baseline confounding factors between statin users and nonusers 

become more similar.  This method is efficient because it reduces the number of 

explanatory variables in a model while producing similar results [248].  An 

additional benefit is that propensity scores are valid when the amount of 

variability is markedly different between exposure groups, such as what one 

might observe in medication studies where those to get a particular treatment are 

more heterogeneous or, as in this study, more homogeneous [248].   

However, the use of propensity scores does have drawbacks.  For 

example, true experiments achieve balance between groups by randomization.  

The intention of adjusting for propensity score attempts to balance confounding 

factors statistically.  However, factors may remain unequal between statin users 

and nonusers and could have substantial impact on point estimates if related to 

the outcome [246].  This possible imbalance is more likely to occur in smaller 

studies [246].  Similar to traditional multivariate adjustment, this method cannot 

account for unmeasured confounders [249].  The failure to include these factors 

in calculating propensity scores have been shown to have the same influence on 

estimates of treatment effects as the failure to include the variables in standard 

multivariate regression [249].  However, the propensity score may correlate well 

with immeasurable confounders, and the statistical technique of propensity score 

calibration has been proposed as a method to provide a proxy measure for 

unmeasured confounding variables [250].  Using propensity scores also carries 

the risk of over-adjustment, as factors related to statin initiation may have little 

impact on the disease outcomes, and including these factors in the propensity 

score decreases the efficiency of the model [246].  However this is generally not 

a limitation in large studies, such as the current investigation.  Brookhart and 

colleagues [176] showed that, in large studies, predictors of exposure should be 
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included in the propensity score calculation as the reduction in bias overshadows 

the decrease in precision from including the variable.     

But, a distinct advantage of using propensity scores is that this method is 

a more powerful way to adjust for large numbers of potential confounders related 

to the exposure, in instances where it would be impractical to use large numbers 

of variables in the analytical models.  This would be the case when there are 

relatively few study outcomes, and the number of potential covariates may be 

large [250]. 

In this study, the findings using propensity scores were very similar to the 

findings from the main analysis, in both point estimates and precision.  In a few 

instances, such as the analysis of DCTD and SLE, the findings were no longer 

statistically significance when propensity scores were used.  When comparing 

the main analysis to the propensity score analysis, one would expect the results 

to be somewhat congruent, because most of the potential confounders that 

contributed to the propensity score were included in the final models for each 

outcome.  One difference, which may account for differences in findings in DCTD 

and SLE, is that age was modeled in a different manner in the two analyses.  In 

the main analysis, the method of adjusting for age was selected based on the 

best fit for the outcome (with the options being linear, quadratic, nominal, or 

ordinal).  However, in the propensity score, age was fitted based on the best fit 

for predicting statin use (which was in its quadratic form).  Therefore, there may 

be some degree of residual confounding by age in some of the propensity score 

analyses.     

Propensity scores often do not change the interpretation when used in 

regression models [250].   One of the benefits of using a propensity score 

method is that it is more efficient when adjusting for large numbers of variables.  

This efficiency is maximized with the ratio of the number of potential confounding 
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variables to the number of events greater than 1:8 [250].   Using propensity 

scores in those situations provides more reliable estimates of the associations 

between statin use and the study conditions [250].  Additionally, the propensity 

score analysis was not optimized to the individual conditions.  That is, a universal 

propensity score was created to apply to each analysis.  However, the ideal 

variable selection process for creating a propensity score would exclude 

variables that are strongly related to the exposure but only weakly (or not) 

associated with the outcome of interest [176].  Therefore, further investigations 

that are customized to the outcomes that seemed to be the best candidates from 

this study (such as RA, psoriasis, IBD, and the common infections) may be 

required.   

Associations in the New-User Analysis 

One common complaint in pharmacoepidemiologic studies is that it is 

challenging to classify the pure effect of the drug using retrospective data.  One 

threat to research findings is that individuals who have been chronic users of a 

medication are a selected group, as they have tolerated the medications potential 

side effects and have a degree of “compliance” that may not be representative of 

the typical patient who may be started on a drug.  Therefore, an analysis which 

limits the definition of medication use to “new users” (and excluding individuals 

who enter the cohort with preexisting medication use) should be a more accurate 

reflection of the medications impact.  This notion would be synonymous to an 

inception cohort for a prognostic study [154].     

Differences were seen in many outcomes between the main analysis and 

the attempt to exclude prevalent users.  In the main analysis, all statin users 

were included, rather than the “new user” design conducted as part of the 

sensitivity analyses.  Individuals were considered “prevalent users” if they had 
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taken statins prior to the new index date used in the “new-users” design.  A 

rationale for excluding prevalent users of a drug is that individuals who can 

tolerate a drug.  One might consider that they “survived” the initiation of the new 

drug treatment [154].  Another factor is that these users may be more diligent in 

maintaining their prescriptions, leading to adherence bias which is described 

below.  Finally, the inclusion of prevalent users could affect the ability to adjust 

for confounding factors if these variables were influenced by the treatment of 

interest.  For instance, if changes in serum cholesterol were expected to be 

related to one of the study outcomes, then adjustment for this intermediate would 

not be advisable since it would be on the causal pathway between the treatment 

and the outcome [154].  However, in this study, there are no variables that are 

hypothesized to be dependent on statin use, aside from comorbid conditions 

such as heart disease.  As these conditions are not though to directly cause the 

study outcomes, they can be included as covariates.  If they were, in fact, 

predisposing factors for a study outcome, this adjustment may lead to attenuation 

of a “true” statin effect.    

The new-users analysis in this investigation often reversed the 

association, making formerly protective statin associations appear harmful.  

Typically these associations were not statistically significant, but the change in 

the direction of the association may indicate a potential source of bias.    

First, bias may be introduced if there are differences in risk depending on 

time since initiating a medication.  For instance in this study, the new-users 

analysis did find a stronger association for former or ever statin use in predicting 

elevated rates of polymyalgia rheumatica diagnosis.  If statin users truly have 

increased risk for PMR and this risk is greater during the start of treatment, then 

the inclusion of prevalent users in the study would lead to an underestimate of 

the total number of incident cases that could have been identified in a new-user 
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design [154].  This effect would more likely influence the “ever used statins” 

measure rather than the “former users” indicator, as it would be unlikely that a 

delayed diagnosis of greater than 180 days from statin cessation would be 

attributable to statin initiation seen in the new-users design.   

Another possible explanation of the discrepancy between the main 

analyses and those of the new-user design could be altered surveillance.  

Surveillance bias is discussed in detail below.  However, increased surveillance 

could be more prominent during the period immediately after statin initiation, 

possibly increasing the number of cases identified.  Visit rates were used as an 

adjustment variable in the new-user design analysis as they were used in the 

main analysis, so this argument is not likely sufficient.   

The “new-user” analyses as implemented should be interpreted 

cautiously.  First, in order to exclude prevalent users of statins, the index date 

needed to be delayed a year to allow for ample time in the pharmacy claims 

database to identify pre-existing statin use.  Excluding prevalent statin users 

substantially reduced the sample size, as nearly half of the patients included in 

the study had received a statin at least once during the study period.  This 

resulted in relatively few clearly “new” users within this time frame.  This also 

greatly decreased the number of identified incident events and contracted the 

follow-up period.  Also, the reduction in the sample size for these analyses 

prohibited the adjustment for the Elixhauser diagnosis indicators and associated 

drug classes.  Therefore, differences in baseline health status were unlikely to be 

adequately controlled for.  In the main analysis, comorbidity and drug class 

adjustments frequently did not alter the point estimates much, suggesting that the 

statin and disease associations were not substantially confounded by these 

variables.  But, in the new user design we cannot exclude the possibility that 

elevated rates of disease in statin users are not the result of confounding by 
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indication or differences in baseline comorbidity.  A possible way to improve this 

model would be to add the propensity score stratification to this analysis as well.    

In some new-user design analyses in this study (e.g., pneumonia), former 

statin users had even greater rates of diagnosis of study conditions.  As stated 

above, there would be less biological plausibility in increased diagnosis of study 

conditions in the period greater than 180 days after statin cessation being directly 

attributable to statin initiation, unless the reason that the patient could not tolerate 

the statins was related to the study condition itself (i.e., if statin-associated 

myalgias indicated a predisposition for PMR).  A more likely explanation of this 

observation is that those who cease taking statins may have other important 

unmeasured risk factors for study outcomes, such as frailty or unstable access to 

health care.  Finally, the contraction of the follow-up period for the new-user 

design makes it even more unlikely that a subject would become a “new user” 

and then a “former user” within the study period, which led to smaller numbers of 

former users with less stable risk estimates.    

Strengths of the Current Investigation 

This study had several methodological advantages.  By utilizing a hybrid 

study design, estimates of relative risk were possible.  The longitudinal data 

allowed for the measurement of statin exposure and covariates prior to 

diagnosis, suggesting a correct temporal relationship between cause and effect.  

Also, by avoiding matching and avoiding a pure case-control study design, it is 

more likely that all of the study subjects represent a single study base.  The size 

of the primary study base and the completeness of medical information captured 

in the VA databases allowed for a large number of conditions to be investigated.  

The population at risk allowed for the accrual of enough new cases in a short 

follow-up period to investigate multiple diseases, including relatively rare 



262 

immune-mediated conditions.  Also, the data used in the analysis is not collected 

from the perspective of a particular hypothesis, so it is unlikely that the exposure 

or disease information would be biased by instrumentation or observer 

influences.   Multiple analytic approaches were used to attempt to minimize, but 

not eliminate, statistical biases such as confounding by indication and 

surveillance bias.   

VA Databases for Research 

Other community-based health care systems may provide utilization data 

as well as pharmacy information for enrollees.  The VA system beneficiaries 

include individuals who would be less likely to have private insurance, including 

those with disability, those who are unemployed or employed without benefits, 

and those with impairment from mental disorders and substance abuse [144].  

Research with data from private insurers would also be less likely to include 

Medicare-eligible patients, whereas the elders within the VA system are largest 

segment of both medical and pharmacy utilization [144].      

Threats to Validity 

There are important limitations in this study which have implications for 

both external and internal validity.   

Generalizability 

The VA population is predominantly male and older, which limits the ability 

to extrapolate these results to the broader community.  Veterans are also a 

unique population, having different life experiences prior to their interactions with 

medical care.  Historically, the VA system was not as efficient at cost-

containment due to its unique financing system, but this has changed 

significantly in the last 20 years [251].  Furthermore, healthcare within the VA 
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system may even be different than other settings, as the VA has been an early 

adopter of electronic medical records systems, automated and mail-order 

pharmacy systems, and clinical practice guidelines [252].  There may also be 

predictors of preference for VA utilization, over other types of providers, based on 

socioeconomic factors or health insurance options available to patients. 

The connective tissue diseases are more prevalent in women, and the 

incidence rates of some of these conditions peak during the reproductive years.  

The male predominance in the VA also affected the ability to investigate potential 

gender differences in statin effects on immune disease.  The age and sex 

distribution also limited the ability to identify certain immune-mediated conditions, 

which may have an earlier age of onset and a higher incidence in women. 

As the investigation was intended to examine the effect of statins on 

incident diagnoses, patients with existing diagnoses were excluded from the 

analysis.  This exclusion also limits the generalizibility of the study, as the results 

can only strictly apply to individuals without evidence of pre-existing disease.  

Therefore, these findings may not accurately reflect the impact of statin use on 

individuals with disease.  Further studies could be conducted to address this 

impact, which would more accurately reflect the impact of statin use on severity 

of disease.  This direction of research would also be amenable to randomized 

trials for conditions that appeared to have a beneficial statin effect.  As 

mentioned before, statin research is ongoing in the field of rheumatology, 

particularly in RA.   

Selection Bias 

The ascertainment of subjects could introduce selection bias, a common 

threat to epidemiologic studies.  The use of the modified case-cohort design was 

one attempt to help minimize the risk of selection bias, as the subjects selected 
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for the disease groups and for the comparison subcohort should represent the 

same primary study base (i.e., veterans who utilize the VHA within VISN 23 

during the study period).  However, factors related to heavy use of the VA would 

alter the likelihood of being included in the study.       

Berkson’s Bias 

Berksonian bias is a specific form of selection bias where control subjects 

are selected among hospitalized patients [153].  Factors related to the probability 

of hospitalization may alter exposure-disease associations, especially in 

circumstances where risk factors under investigation affect the probability of 

being selected for the comparison group.  In this study, the comparison group is 

still based within the same specific healthcare system.  The individuals selected 

randomly from VISN 23 may be reflective of individuals who utilize the VA in the 

Midwest, but they are also likely to have different patterns of risk factors than a 

population-based comparison group.  Those who were selected in the subcohort 

were more likely to have claims of drug and alcohol abuse, psychiatric disability, 

and spinal cord injury and paralysis than the case groups.  Potential confounding 

factors between these conditions and statin use could introduce Berkson’s bias 

[153].       

Healthy User Effect 

Some researchers suggest that patients with better adherence to 

preventive medications are more likely to be healthier or have other favorable 

unmeasured characteristics compared to those who cease medications after a 

short period.  The healthy user effect refers to the phenomenon that low risk 

individuals are more likely to adhere to treatments, such as statin drug therapy, 

than higher risk individuals.  Individuals who are able to tolerate a drug for a long 

period do not necessarily represent the clinical population who may start a drug.  
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When a medication is first prescribed to an individual, the individuals who are 

susceptible to early unintended drug effects will discontinue the medication [253].  

Long-term users are, by default, individuals who “survived” the introduction of the 

new medication and may be expected to have a gradual decline in risk [253].  

This has two implications.  First, individuals who suffered adverse effects from 

older medications, such as fibrates and bile acid resins, may be a higher risk 

group in general.  Therefore, a portion of individuals starting a new statin 

prescription represent a high-risk group [253].  However, as the non-statin 

medications have not generally been associated with immunologic or infectious 

conditions, it would be unlikely than those who “failed” previous cholesterol 

therapy would necessarily inflate the risk of new statin users.  The new-user 

design, as explained previously, is a specific methodology that can help minimize 

the threat of the specific bias introduced by the healthy user effect [154]. 

Adherence Bias 

Factors related to adherence could differentiate “current” statin users from 

those who discontinue their prescription.  A principle related to the “healthy user” 

effect is that adherence, itself, appears to be a marker of healthy behaviors [254].  

This phenomenon has been called adherence bias, compliance bias, or “healthy 

adherer” effect [209].  A meta-analysis by Simpson and colleagues found that 

adherence to either a placebo or an active drug was associated with decreased 

mortality [254].  Multiple beneficial health factors have been associated with 

adherence, including health-seeking tendencies and socioeconomic status [209], 

use of preventive services [209, 216], and completed smoking cessation [216].  

Many factors related to medication adherence are unlikely to be included in 

claims data but conceivably would be related to the risk of diagnosis of medical 

conditions. 
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Adherence to statins may be relatively low in older adults, according to 

studies using linked administrative databases from Ontario [255], despite the 

better side effect profile compared to other antilipemic medications [256].  

Patients with statin prescriptions are more likely to maintain active refills than 

patients with other lipid-lowering medications, although the overall adherence at 

five years was approximately half of the surviving patients [257].  Patients 

covered by Medicaid were less likely to remain adherent than patients with other 

pharmacy coverage plans [257].  One finding from this study that was contrary to 

the “healthy-adherer” concept as described above was that patients with 

hypertension, diabetes, or coronary artery disease were more likely to continue 

to refill their lipid-lowering prescriptions [257], although these patients may also 

be more highly motivated to remain on statins when compared to a patient with 

otherwise asymptomatic hyperlipidemia.        

As a proxy for “ingestion adherence”, the only reasonable measure for 

adherence using pharmacy administrative data is refill adherence [258].   

Individuals who have the greatest reductions in LDL during the first three months 

are more likely to remain adherent during subsequent intervals [259].  Refill 

adherence has also been associated with race, age, and length of prescription in 

a rural indigent population, but measured predictors explained only a small 

percentage (7%) of adherence variation [258].   

In this study, the rationale of separating current and former statin users 

was an attempt to reflect adherence and current exposure to statins.  However, 

“reassignment” of exposure based on unknown patient factors can introduce 

adherence bias.  Another form of adherence bias would be crossing-over 

between treatment arms in randomized clinical trials, which is a reason for the 

necessity of the “intention-to-treat” analysis [260].  One approach to help alleviate 

this threat was the analysis using “ever statin” use instead of current and former 
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use, as this would help alleviate differential adherence and associate behaviors 

from contributing to differences between the exposed and unexposed groups.  

The degree that healthful behaviors could confound associations with 

statin use is subject to great interest.  As mentioned above regarding the 

indications for drug therapy, therapeutic lifestyle change is considered the first 

step in the management of hyperlipidemia.  There is evidence to suggest that 

TLC is important even in those on statins or other antilipemics, so physicians 

should be encouraging healthy lifestyle choices among those with CV risk [261].  

Whether attributable to statins or to concurrent lifestyle factors, older adults using 

statins may have less disability and decline of physical function than nonusers 

[262].  The potential effect that these healthy lifestyle factors would have in 

explaining the associations between statins and the study conditions would 

depend on the presence of an association between the confounder and the 

outcome.  In some cases, particularly among the infectious conditions, there 

would be clear contribution between lifestyle factors, such as smoking cessation, 

and the risk of disease.  However, the epidemiology of the immune-mediated 

conditions is less clear.  Although there is clearly a potential bias by not 

controlling for unmeasured lifestyle factors, the role of the “healthy adherer bias” 

may be less important.  Although not performed in this study, measures of factors 

that positively affect care, such as adherence to screening guidelines and healthy 

diets, could covariates worthy of future consideration.   

Prevalent users  

As explained above in the discussion of the new-user study design, the 

inclusion of prevalent users of statins could introduce bias for several reasons.  

Among these, the inclusion of prevalent users “may amplify adherence bias” 

[154].  This would essentially be a form of prevalence bias, as long-term statin 
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users would be more likely to be captured in the study sample, compared to 

individuals with poor adherence [154].  If long-term users have different 

characteristics than those who cease using the statins have a short time, bias 

can be introduced [154].    

Confounding by Indication  

In pharmacoepidemiology, differentiating the effect of medications from 

the underlying disease or patient population is challenging.  This may arise 

directly, if the hypercholesterolemia directly causes an outcome, or it may arise 

from shared risk factors (e.g., the disease requiring the use of the pharmaceutical 

intervention, in this case hypercholesterolemia, may be caused by a factor that 

also causes another condition of interest).  Some of the known risk factors for 

serum lipid profiles that require statin use may include dietary cholesterol and 

saturated fat intake, low levels of physical activity, and familial cholesterol 

disorders.  Measures of these risk factors are not available in administrative 

databases, but these factors are also unlikely to be related to the majority of 

disease outcomes in this investigation.  However, results of potential 

associations should be considered in this mindset.   

Attempts to control for confounding by indication were made by identifying 

cases of cardiovascular disease and lipid metabolism abnormalities and using 

this information as control variables.  However, examining the effects of other 

antilipemic medications (i.e., cholestyramine, ezetimibe, colestipol, fenofibrate, 

and colesevelam) helped provide some evidence of effects that are unique to the 

statins rather than other cholesterol medications or patients who may take 

cholesterol lowering drugs in general.  However, this could not entirely eliminate 

this threat, as factors related to drug selection could still influence any observed 

statin effects, as described below. 
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Protopathic Bias  

Protopathic bias in pharmacoepidemiology studies could be a problem if 

the medication under investigation is used to treat symptoms that precede the 

outcome of interest [263].  In other words, if statins were prescribed to provide 

symptomatic relief of an early stage or subclinical manifestation of a study 

condition, a spurious association would result.  Protopathic bias can be 

considered a form of reverse-causality [264].  However, hyperlipidemia is not 

associated with symptoms and often goes undetected by the individual, 

suggesting that spurious statin use preceding the diagnosis of study conditions is 

less likely.       

Prognostic Bias 

Confounding by severity or confounding by prognosis results when clinical 

features of the disease affect a patient’s likelihood of receiving a drug [263].  

These are very similar threats; with the only difference being that the 

confounding factors is the patient’s actual severity of disease compared to the 

provider’s perception of the patient’s prognosis [263].  In either case, if a patient’s 

likelihood of receiving a statin is dependent on the severity of his or her condition; 

prognostic bias could be a threat. 

The degree and type of hyperlipidemia would be a factor in prescribing.  

As mentioned above, a patient’s LDL cholesterol may warrant therapeutic 

lifestyle changes alone [265].  However, patients at higher risk are started on 

antilipemic medication, and this decision is often based on the specific lipid 

derangement and the side effect profile of the different drugs [256].  Statins are 

typically first-line medications for elevated total cholesterol or total cholesterol 

with triglycerides, but are less favored options for treating isolated abnormalities 

in triglycerides or HDL cholesterol [256].  However, in patients with very high 
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LDL, it is not uncommon for patients to be treated with two antilipemic 

medications [256].   

If the degree of hyperlipidemia was related to a study outcome, as well as 

the likelihood of getting a statin, bias would be introduced.  This would be a 

greater risk if the outcomes in this study were directly linked to hyperlipidemia, 

such as cardiovascular disease.  Some of the study conditions, such as SLE and 

RA, are related to accelerated atherosclerotic disease [266].  However, this 

association is thought to be a result of the inflammatory condition instead of the 

cardiovascular disease causing the autoimmune condition.  Furthermore, the 

observed protective associations would be unlikely, given the assumption that 

more severe lipid derangements would be harmful rather than beneficial. 

Diabetes is a specific comorbidity that could also contribute to this bias.  

Statins are a first line treatment for diabetic patients who also have elevated 

cholesterol [265].  Therefore, a spurious association could be observed in any 

study condition if that outcome was also dependant on diabetes status.  A clear 

example would be diabetic retinopathy.  Among the outcomes in this study, some 

conditions are related to diabetes (e.g., cellulitis and osteomyelitis).  However, 

diabetes is a measured comorbidity, so adjustment for diabetes diagnosis was 

possible and should minimize this influence.  And again, the bias would be 

expected to increase the rates of diabetes-associated conditions rather than 

decrease them.         

Channeling bias and the “treatment-risk” paradox are related concepts.  

Channeling bias occurs when other conditions or health states discourage 

providers from using certain medications, such as in frail elders [264].  This has 

been offered as an explanation for disparities between observation and clinical 

trial results for statins in preventing Alzheimer’s disease [264].  As noted, statins 

may not be used with certain drugs that increase the risk of myopathy or liver 
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dysfunction.  If factors associated with frailty or contraindications of statin use 

were directly associated with the study outcomes, they could cause an apparent, 

and biased, protective effect for statin use.  Similarly, Ko and colleagues found 

what they referred to as the treatment-risk paradox in relation to statin 

prescribing and the elderly [267].  That is, older subjects and subjects with the 

highest risk of cardiovascular disease or mortality were less likely to be 

prescribed statins [267].   

Similarly, it has been suggested that older adults with chronic medical 

conditions and poorer health are less likely to be treated for unrelated medical 

conditions, such as arthritis and hyperlipidemia [268].  Glynn and colleagues 

looked at use of medications from several drug classes in the elderly, and found 

that patients who were nearer to death where much less likely to receive statins 

as well as other medications for conditions that are asymptomatic and generally 

“preventive” in nature [269].  Glynn et al also found that patients who received 

statin prescriptions were significantly more likely to be young and otherwise 

healthy, suggesting that selective prescribing may be leading to overestimation of 

the benefits attributed to statin use [270].   

Coupled with the “healthy user effect” described above, prognostic bias, 

channeling bias, and the treatment-risk paradox all suggest reasons why statin 

users may be healthier, in general, than non-users.  As the majority of the 

significant findings in this investigation were in the “protective” direction, this 

could be an important limitation.   

Shared Risk Factors  

Shared risk factors behave essentially like normal confounding variables 

in epidemiologic studies.  Within the context of confounding by indication, shared 

risk factors would be any variable that was related to the indication for getting the 
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drug (i.e., hyperlipidemia) and the study outcome.  Hyperlipidemia itself is 

thought to be due to multiple genetic and dietary factors [256].  If factors such as 

dietary saturated fat intake, physical activity, and alcohol consumption directly 

altered serum lipids and also altered risk of diagnosis of the study conditions, 

these variables would be shared risk factors.  These factors, therefore, would be 

considered a subclass of confounding by indication, as they lead to reason that a 

person starts taking statins and also the outcome, causing a spurious 

association.  Unfortunately, the types of factors that are likely influence 

hyperlipidemia are unlikely to be captured in administrative databases.  Although 

diagnosis of alcohol abuse was a measured proxy, this would not reflect the 

“positive” lipid association attributed to mild alcohol intake.  A prospective study 

with specific measures would be an ideal method to address and control for 

these types of variables.          

Surveillance Bias 

Outpatient utilization was used as a proxy measure for surveillance.  

Surveillance bias can be a threat to any observed differences in disease 

incidence between statin users and non-users, as individuals may be more likely 

to have more follow-up visits in the time period following the initial drug 

prescription.  The potential impact of increased surveillance was addressed by 

calculating visit rates for the 180 day period after statin initiation and adjusting for 

those groups.     

Immortal Time Bias 

Studies examining drug use and the relationship to disease outcomes are 

subject to immortal time bias when a single variable is used to assess drug 

exposure.  That is, a time-fixed exposure measure, such as statin “ever” use 

during the follow-up period, may not correctly account for differences in the 
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follow-up period, allowing for differential “immortal time” in which cases could not 

accrue drug exposure [271].  This was remedied by using time varying measures 

for exposure, which is possible using Cox proportional hazards regression [255]. 

A related source of bias may exist in this study.  All individuals in the study 

have 365 days of lead-in time at baseline, as the index date was defined as one 

year after the first medical claim.  The earliest possible index date would be day 

1 of FY 2002.  Day 1 of FY 2002 is also the first date that pharmacy claims would 

be available.  While there is some degree of assurance that preexisting medical 

conditions would be captured by at least one medical claim during the lead-in 

year, the same is not true for the pharmacy data.  An individual could be a 

preexisting statin user during FY 2001, when pharmacy data was not available.  

For some individuals, there may be a brief period of time between their index 

date (defined by medical claims data) and the time of their first recorded 

medication dispensing (captured from pharmacy records).  During this period, 

they could be diagnosed with an incident condition, while at the same time they 

might be exposed to a medication, such as a statin, that is not accounted for in 

the dataset.  For instance, if a patient received a 90 day supply of simvastatin on 

the last day of FY 2001, they might not appear to be “exposed” to statins until 

their refill prescription is filled on day 89 of FY 2002.  For the days of that interval, 

the subject would technically be “at risk” for diagnosis of a study condition, but 

would be misclassified as a “non-user”.  While this may be a source of 

information bias, it should have a minimal effect on the study.  Theoretically, this 

interval of follow-up time should be relatively small compared to the total follow-

up period, and therefore the likelihood of incident disease diagnosis would also 

be small.     
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Gaps in Coverage 

Administrative databases rely on passively collected information based on 

subjects’ interactions with their providers and outpatient pharmacy.  Although 

many patients may only use the VA system, we cannot guarantee that individuals 

were not “dual users” of both VA and non-VA providers.  Similarly, this study did 

not access national VA data.  Unfortunately, within the available databases, there 

is no information about care received outside of the VA system (or outside of 

VISN 23).  This threat was addressed by censoring individuals at their last 

medical claim, which would be their last encounter with a VA provider and 

therefore the final opportunity to assess a study condition.  However, if “dual 

users” persistently used the VA system and outside providers, ascertainment of 

outcomes could have been affected [149].  Diagnoses of study conditions may 

have been completely missed or assigned diagnosis dates that actually reflect 

ongoing treatment rather than an incident diagnosis.  This threat is particularly 

problematic if individuals frequently obtained prescription medications from the 

within the VA system, but were diagnosed with conditions by outside providers, 

as this would be a potential drain of study outcomes.   

There are plausible scenarios where a patient may partially receive care 

within VISN 23 and partially via a private or other VISN provider.  There are 

satellite VA clinics throughout the region, but patients may wish to use a primary 

care provider closer to home.  Patients may live part of the year within the VISN 

and part of the year in another location.  Patients may also receive specialized, 

tertiary care within one system but the majority of their care in another.  Also, 

individuals living on the geographic borders of the VISN may have sought care in 

neighboring VISNs. 

Mobility in the population has grown in recent years, with approximately 

15% of U.S. households changing residency annually [272].  A national study of 
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veterans using the VHA, with and without psychiatric illness, found some 

demographic and health care factors related to the likelihood of relocation, and 

patients tended to move closer in proximity to VA providers [272].  Aside from 

psychiatric conditions, some of the factors related to increased residential 

mobility included younger age, urban home, homelessness, single marital status, 

and concurrent substance abuse [272].   However, the authors also noted that 

residential mobility was not associated with length of stay for psychiatric 

hospitalizations; whether this is similar for VA patients with other medical 

conditions remains to be seen.  In the present study, individuals may have 

resided within the local VISN for some period of the study but could have 

migrated out of the capture area.  This, too, could cause a drain of study 

outcomes.  This would be more problematic if statin use history was somehow 

related to the risk of out-migration.  In this study, the subcohort subjects were 

more likely than case subjects to have substance abuse or psychiatric 

diagnoses.  If subcohort subjects were more likely to out-migrate, then they could 

have missed diagnoses that would be captured in other VISNs creating disease 

misclassification.  However, a more important threat would arise if factors related 

to migration were also related to statin use.  Overall, statin users may be older 

and more likely to have medical conditions such as previous cardiovascular 

disease and diabetes.  But, as noted above, there is also a decreased likelihood 

for frail elders to be on statins.  Subjects at the younger age extreme were the 

most mobile [272], and luckily these patients would be less likely to be on statins.  

Therefore, out-migration of nonusers who had missed diagnosis of study 

conditions would most likely result in comparative elevation of statin diagnoses 

(assuming statin users are less mobile and more likely to maintain stable medical 

care), which is the contrary direction to the majority of the significant findings in 
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this study.  Furthermore, demographic variables were readily available and 

controlled for in the analysis.       

A related issue is loss-to-follow-up, or study mortality.  Statistical 

censoring in the proportional hazards regression modeling should minimize the 

threat of differential follow-up times for subjects.  Also, one of the statistical 

control variables was an indicator for local VISN.  However, this may only provide 

a proxy of possible in-migration, or outsiders receiving care within the VISN.  We 

cannot conclude that the immigration of veterans to VISN 23 is equal to the 

emigration of veterans to other VISNs.  The true extent of efflux of veterans from 

VISN 23 is not known for the study sample. 

Some data may not be captured due to the use of non-VA facilities, and 

there are differences in non-VA utilization reported in the literature.  A study in 

1992, focusing on New England and New York VA patients, estimated that 

between 18 and 37% of VA patients were hospitalized outside of the system 

[273].  In a more recent VA study, only 13% of sampled patients used non-VA 

care [274].  Predictors of use of non-VA facilities included increased age and 

increased distance to the closest VA facility [274].  The risk of non-care was 

greater in those who had less patient satisfaction at baseline, and this 

association was stronger in Medicare-eligible patients [274].  If factors such these 

(age, distance to VA, and patient satisfaction) are associated with the study 

outcomes, bias would be introduced into the study.  Models have been adjusted 

for age effects.  However, variables such as distance to the closest VA and 

patient satisfaction are not available in the datasets, and there is a risk that these 

factors could confound the associations observed.  Conceivably, patients who 

are dissatisfied with the services at the VA or are geographical isolated from VA 

centers could receive their medications via the VA mailing service but might seek 
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their routine medical care from other providers, which could reduce the number 

of study outcomes observed.  

Validity of Claims Data  

Claims data that is directly related to patient care and billing should be 

accurate.  However, many factors could cause misclassification of the study 

outcomes.  The possibility of misdiagnosis of study conditions could occur if 

appropriate confirmatory tests were not performed or if results are misinterpreted.  

Many of the study conditions have similar presentations and may have 

overlapping signs and symptoms.  

Validity of Drug Data 

There were minor discrepancies in linking the pharmacy claims data with 

known medications.  In most instances, this was able to be rectified by using the 

National Drug Code (NDC) to verify the agent.  Also, the drug exposure data only 

comes from outpatient prescriptions filled in the VA system.  Inpatient 

prescription data has remained difficult to use for pharmacy research because 

data is stored in several separate databases, which results in under-

representation of some drugs, particularly those dispensed from ward-stocks 

rather than from the inpatient pharmacy [146].  Although some quantification of 

cumulative doses was attempted, these also were not informative.  While 

information was available for number of days supplied at a given prescription 

event, this variable was not well populated in the databases.   

Validity of Diagnoses 

In most instances, non-differential misclassification errors for disease 

outcomes in epidemiologic studies would bias the findings towards the null 

hypothesis, and this would be a form of information bias [248].  While the 



278 

possibility of errors in diagnosis between statin users and non-users exist, 

general errors in diagnosis and charting medical claims would likely be non-

differential.  This retrospectively compiled data is subject to errors when the 

physician diagnosis a condition during the encounter.  Error could also be 

introduced during the billing process, when diagnoses are translated into billable 

codes.  Financial factors, such as the change in billing when diagnosis-related 

groups (DRGs) were first introduced for reimbursement, have been related to 

significant changes in the assignment of ICD-9 codes [275], and coding within 

the VA system has been subject to these same pressures [159].  For the 

purposes of clinical and epidemiological research, the American College of 

Rheumatology has strongly advocated for the establishment of clear 

classification criteria for disease states in order to help improve face validity, 

content validity, sensitivity and specificity [276].  However, even with the 

recommendation for classification criteria, the appropriate documentation is often 

not present in the medical records and may not be translated into an appropriate 

diagnosis code [277-279].  Also, for conditions such as rheumatoid arthritis, 

recorded diagnoses in claims data have been shown to be more accurate when 

logged by a rheumatologist rather than a non-rheumatologist [279].               

An analysis of diagnosis accuracy was beyond the scope of the current 

investigation.  A 1998 study compared the agreement between VA administrative 

databases and written medical records, and there was substantial variation in the 

kappa statistics for these conditions [280].  However, as a general rule, the 

agreement between methods for the principle diagnoses was good [280].  There 

was a larger discrepancy in the quality of data related to cost and utilization, but 

these factors were not of importance to the current study.  The majority (55%) of 

discrepancies between medical records and claims data was typically due to 

omission of diagnoses or procedure codes by the provider [142].   
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More specifically, the validity of some rheumatologic conditions has been 

studied within the VA system.  The validity of the rheumatoid arthritis diagnosis 

using an ICD-9 code of 714 has been studied in a VA sample.  Investigators 

examined patients from a VA rheumatology clinic in Minneapolis and diagnoses 

were compared against a gold standard of a chart-recorded rheumatologist 

diagnosis on two visits greater than six weeks apart [278].  Although having an 

ICD-9 diagnosis in conjunction with a positive rheumatoid factor test result 

provided the best ROC curve and yielded a sensitivity of 88.2% and a specificity 

of 91.4%, ICD-9 diagnosis alone had a 100% sensitivity with a 55.1% specificity 

and a relatively poor positive predictive value of 66% [278].  In a separate study, 

the research group investigated the accuracy of diagnoses of ankylosing 

spondylitis, psoriatic arthritis, and reactive arthritis [277].  These diagnoses, 

although more rare, had better specificities (98-100%), good sensitivity (57-

100%, and stronger positive and negative predictive values based on ICD-9 

codes alone, and the addition of information about prescriptions for disease-

modifying antirheumatic drugs did not improve the overall accuracy [277].  These 

studies suggest some variability between diseases in the accuracy of coding of 

rheumatologic conditions within the VA system, but these findings may represent 

the accuracy of the present study, which was conducted within the same VISN.       

Validity of Correlates  

The validity of demographic variables within the database has been 

questioned by investigators who work exclusively with VA data [149].  Some 

clear issues were noted in this study, such as some subjects having multiple 

recorded genders, widely inconsistent or incomplete race information, and rapidly 

fluctuating variables like home VISN and marital status.  However, a study 

comparing the validity between administrative files and written medical records 
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within the VA found a high degree of agreement for demographic variables 

(kappa = 0.92) and some clinical factors [280].       

Multiple comorbidity measures were used to try to minimize the influence 

on study outcomes attributable to coexisting chronic disease.  The Elixhauser 

index of comorbidity used diagnosis data, whereas the Chronic Disease Score 

used prescription data.  Although these measures are correlated, they were both 

included in the final models because they had different properties.  The CDS 

contributes a scale score, which was divided into quintiles based on the 

distribution in the sample, whereas the Elixhauser includes multiple indicator 

variables.  Both measures were modified from their standard use, with the 

Elixhauser allowing for outpatient claims to be included in the definition of 

comorbidity and the CDS including modifications to the pharmacologic used in 

scoring.  The Elixhauser system has been found to predict health care utilization 

in VA patients with osteoarthritis, particularly outpatient visits, better than 

prototypic Charlson Score [281].  In the same study, the investigators found that 

another prescription-based tool, the Rx-Risk-V, performed well in predicting total 

prescription use [281].  In this study, the CDS predicted outpatient claims and 

mortality (results not shown).   

Although adjustment for comorbidity is important in epidemiologic studies 

using claims data, there are some disadvantages.  Although previously published 

indices have the benefit of being validated and reproducible, there may be issues 

in using generic comorbidity indices instead of adjustments specific to the 

condition under investigation [282].  In this study, the CDS remained a generic 

index used for adjustment and was not specific to each individual outcome.  But, 

the Elixhauser tool was allowed to change for each outcome analysis, as only 

important measured Elixhauser conditions were retained in the multivariate 

models.  Crystal and colleagues also argue that claims-based analyses are 
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typically sufficiently powered so that conserving degrees of freedom in the 

analysis by using comorbidity scores is not necessary [282].    

Additional Confounders  

Given the interest in the healthy user and adherence effects as a possible 

explanation of statin benefits in a myriad of disease outcomes, more attention 

could be applied in future analyses.  Specifically, the vaccine and immunization 

status for influenza and pneumococcus would be quite relevant to the present 

analysis.  However, the presence or absence of any vaccine during the follow-up 

period was used as the covariate in this analysis.  The individual vaccines could 

have been accounted for separately to provide a more accurate adjustment for 

vaccination status in the future.   

Similarly, available inpatient and outpatient procedures were not 

considered.  As noted above, statin users in other studies have been found to be 

more likely to be immunized and to receive clinical preventive services [216].  

Preventive medical care is notably decreased in frail elders, particularly in the 

last year of life [283].  Therefore, it may have been beneficial to consider 

outpatient procedures, such as common screening modalities like screening 

colonoscopy or mammography, as possible confounding variables representative 

of “healthy user” traits.   

Over-Adjustment 

Poor selection of statistical adjustment variables could influence the 

results.  Some of the comorbid conditions and drug classes are closely 

associated, so including indicators for diseases and drugs in the same model 

may contribute to over-adjustment.  Also, the variable selection process was 

partially an automated process, using hierarchical blocks for selection of 

important disease or drug variables from the array of potential extraneous 
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variables.  If a medical condition was causally linked with an outcome condition 

(such as renal failure due to SLE), then adjusting for the “comorbidity” variable 

may be inappropriate.  Similarly, drugs used to treat some of the study outcomes 

were significant predictors of the outcome (for instance, anti-psoriatic drug use 

was a predictor of psoriasis diagnosis).  In these cases, individuals may have 

held a diagnosis of a study condition that was not captured in the database.  For 

instance, they may have had outside care where the diagnosis was made or they 

may have had a previous diagnosis that at been in remission for beginning of the 

study period.  Another possibility is that the patient required treatment of 

associated symptoms prior to having a diagnosis of the condition, similar to 

protopathic bias as described above.   

Two measures of comorbidity, as well as important drug classes aside 

from the CDS, were used simultaneously in the Cox proportional hazards 

regression models.  As these variables are likely correlated, the collinearity of the 

explanatory variables in the regression models could have decreased the 

efficiency of the study and could also yield unstable risk estimates [284].  

However, this problem would be minimal for several reasons.  First, the 

Elixhauser variables and the adjusted drug classes were introduced as a number 

of indicator variables (depending on the number of associated conditions and 

medications screened to be significant for the particular outcome).  There was 

substantial variation possible and observed across the various combinations of 

these variables.  Additionally, the CDS was created as a single index variable, 

and it was further reduced into a five-level ordinal variable, which further damped 

the correlation between the variables.  Lastly, the large sample size of the study 

made efficiency of variable selection a less important concern [284].   

Previous studies have shown that preventive medical care significantly 

declines during the last year of life.  Glynn and colleagues suggest that selective 
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prescribing patterns may be part of the explanation for benefits of lipid-lowering 

drugs [270].  In their study, they found that measures of frailty and comorbidity 

attenuated the all-cause mortality protection associated with lipid-lowering drugs 

[270].  They also offered calculations suggesting the potential impact of 

unmeasured frailty to further explain the protective drug effects [270].  Similarly, 

Ko and colleagues found that the likelihood of being prescribed statins was 

progressively diminished as probability of cardiovascular disease mortality 

increased [267].  Brookhart and colleagues found that individuals who filled 

multiple statin prescriptions in one year were more likely than individuals with a 

single statin prescription to also utilize other preventive medicine services, such 

as PSA screening tests, fecal occult blood tests, screening mammograms, and 

vaccines for influence and pneumococcus [209].          

Future Directions 

High Risk Patients 

If a prospective study was planned to further investigate these findings, a 

high risk group of patients could be helpful.  Some investigators have focused on 

mortality outcomes among patients who are selected with a disease in question.  

However, we could plan a study in patients with predisposing factors for the 

study conditions in order to assess changes in incidence.  For example, patients 

with identified influenza could be followed for the development of subsequent 

pneumonia.  Similarly, patients with established IBD could be followed for the 

development of IBD-associated arthritis and spondylitis.  This approach would 

limit the generalizibility of the findings but it would improve the power and 

efficiency of the study.  



284 

Additional Statistical Techniques 

In this investigation, correlates of statin use were identified and provided 

the basis for a propensity score.  By developing a prediction model of statin 

initiation, the propensity score can be used for stratification or adjustment, which 

helps minimize the risk of confounding by indication or other selection factors.  

Other investigators have used propensity score methods in predicting the 

effectiveness of lipid-lowering medications in preventing cardiovascular mortality 

in this VISN [285].  These methods could similarly be applied to 

pharmacoepidemiology studies such as the current investigation to help balance 

factors between those treated and untreated with statins.  However, the utility of 

propensity scores is limited by the data that is available, as propensity scores 

can still only account for measured variables.   

Also, propensity score calibration (PSC) is another method that could be 

useful in future studies of these associations, for this method could be used to 

help control for additional confounding factors that are not available in the 

datasets.  PSC could be used by collecting more detailed data from the medical 

records from a local VISTA VA system for a subsample of patients.  By using 

information on clinical data of these patients, such as smoking status, family 

history, or symptoms, additional potential confounders could be identified, and 

regression calibration techniques can be used to correct for the effects of 

unmeasured confounders in the entire sample [286].  Finally, a ridge regression 

estimator could be used as an approach in Cox regression models to help reduce 

the impact of collinearity between predictor variables [284]. 

A design approach that could help shed light on the associations between 

statin exposure and acute conditions, such as the infectious study conditions, 

could be evaluated using a case-crossover design [287].  This design allows for a 

patient during a “hazard period” of finite duration, such as during the time 
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exposed to a statin, to be compared to themselves during another non-exposed 

period.  This would help ameliorate some of the issues related to adherence bias.               

Meta-Analysis  

Numerous meta-analyses of statin randomized controlled trials have been 

conducted to show the influence that statins have on cardiovascular disease and 

associated conditions, as well as to examine the risk of certain adverse 

conditions, such as myopathy [13, 29], hepatic dysfunction [13], and non-serious 

adverse events [13].  Ideally, investigators could pool the original trial data into a 

study to examine the statin effects on immune-mediated conditions as well, 

despite that randomized clinical trials may not have examined these outcomes as 

part of the a priori investigation.  Pooling of large randomized trials have already 

been done, such as the Prospective Pravastatin Pooling project [288].  In that 

collaboration, investigators were able to look at cardiovascular endpoint, 

malignancies, trauma, and total non-cardiovascular mortality [288].   There may 

be information about common infections (such as pneumonia or upper 

respiratory infection).  However, as the immune-mediated conditions may not be 

captured in a standardized fashion across studies, it is unclear whether these 

conditions would be suitable for meta-analysis using that data.   

Expand Current Study  

Even within the VA system, there would be opportunities to improve the 

current study.  First, the study follow-up period could be lengthened as data from 

more recent fiscal years become available.  Another option would be to collect a 

national sample from the data warehouse.  Although this would be a more time-

intensive and costly endeavor, it would increase the generalizibility of the study.  

Also, the investigator could sample specific rare conditions in a case-control 

study.  Or, a larger cohort of “new users” could be formed, which may allow for 
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an adequate number of person-years to accrue.  Another benefit of gathering a 

national sample is that the risk of incomplete data collection would be reduced.  

As mentioned, individuals in the current study may have sought care outside of 

the VISN, which could lead to lost data for the exposure, the outcomes, and 

correlates.  Other VA studies have increased their validity by linking VA records 

with Medicare data to help form a more comprehensive picture of patient care 

[149, 273, 274], although this is only a reasonable solution if the focus of the 

investigation is on patients older than 65 years.  Finally, there are some data 

elements that where not utilized in this study.  For example, laboratory data for 

certain tests, including serum cholesterol, is available and has been used for 

research, particularly around the effectiveness of guideline adherence [289].  

Although the hypothesis under consideration relates to the immunologic effect of 

the statins and not the statins’ lipid-lowering effects, laboratory data related to 

cholesterol may be revealing.  For instance, cholesterol levels are clearly 

correlated with statin use, and changes from baseline may be a marker of 

compliance to the treatment.  Finally, simvastatin was by far the most commonly 

used statin in this population, as a result of negotiations to by the PBM to 

concentrate the formulary for better purchasing power [21].  In another setting 

were other statins are used more frequently, it might be possible to observe 

effects specific to a particular agent.        

Replication of Findings  

As mentioned above, it would be possible to replicate this study within 

another VISN or a national VA sample.  However, other community-based 

samples, whether existing cohorts or other sources of administrative data, may 

be more generalizable.  For example, Saskatchewan Health has compiled 

medical and pharmacy data for the citizens of the province for over 15 years, and 
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this time frame incorporates the entire history that statins have been available.  

This population includes a full age range and a proportional percentage of 

women.  However, the outcome data is less specific as the claims often include 

only three digits of the ICD-9 code [290].     

Statin Effects on Prognosis  

The current study is unique because the aims where to assess the effect 

of statins on incident disease diagnosis.  However, there is active interest in the 

medical community about the roles statins may have as treatments for these 

conditions, as previously stated for rheumatoid arthritis, SLE, and multiple 

sclerosis.  One may reason that, if statins alter the disease course during the 

subclinical phase (prior to disease detection, thereby altering incidence), they 

may also affect the natural history of the disease in a therapeutic manner.  

Certainly, immunosuppressive effects are desirable in an inflammatory condition 

or in a systemic immune response syndrome.  However, the effect on specific 

conditions would have to be studied independently.    

Conclusions  

This study provides new information about the impact of statin use on 

incident immune-mediated and infectious diseases.  An important distinction 

between this study and many others is that the outcomes in this analysis were 

investigating the new diagnoses of the outcomes in question.  Only pneumonia 

and sepsis can been formally evaluated as possible conditions altered by statin 

use, and the current findings are similar in nature but possibly subject to the 

same biases.  Furthermore, the current findings cannot be interpreted as 

showing the effectiveness of statins in treating these conditions or altering the 

prognosis in any way.  However, as incidence and prognosis are likely to be 
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related, these findings may be useful for other investigators interesting in statins 

as potential treatments.   

Given the frequency of prescribing statins and the potential disability that 

may result from immune-mediated conditions, such as lupus, inflammatory bowel 

disease, and infections, the public health impact of decreasing the incidence of 

these conditions may be substantial, particularly in the VA population with nearly 

half of patients using statins.  The results of this study will help define the 

unintended drug effects of statins.  If the statins have unintended drug effects 

that occur at a relatively rare event rate, such as less than 1-5 per 1,000, these 

diseases may have been missed in Phase III trials.  The information would be 

valuable for evaluating and modifying treatment guidelines for statin use among 

community-dwelling adults.  As prevention guidelines change for cholesterol-

lowering drugs, there could be an increased number of individuals exposed to 

these drugs, so an understanding of the array of potential immunologic risks and 

benefits is needed. 

The possible benefits and harms of statin use observed in this study could 

result from biases inherent in observational study designs.  Should other studies 

replicate these findings and a true protective effect of statins on immune-

mediated conditions like psoriasis, rheumatoid arthritis, inflammatory bowel 

disease, and possibly diffuse connective tissue diseases like lupus, the statins 

could potentially be a well-tolerated and effective addition to the treatment 

choices for this somewhat difficult to manage conditions.  Of course, the 

intentional use of statins to treat or prevent immune-mediated diseases would 

have to be weighed in the context of the other risks and benefits of statins.  While 

statins are cost-effective for treating individuals with annual coronary artery 

disease risk greater than 1% [8], it remains to be seen whether changes in risk 

for less common immune-mediated conditions would be justified.  Furthermore, 
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the severity of some of the included chronic conditions, such as RA or psoriasis, 

may or may not justify the use of additional medications unless there is a 

significant impact on the quality of life.  However, there could be many patients 

who would benefit from the combined treatment of hyperlipidemia and immune 

modulation for their comorbid conditions.    

Similarly, the use of statins seemed to decrease the incidence of some 

clinically important infections, such as pneumonia, urinary tract infection, 

cellulitis, and sepsis.  While it remains to be seen how much of these changes in 

rates of infectious disease is due to changes in the host’s susceptibility, as 

compared to uncontrolled confounding factors, there continues to be active 

research suggesting that statins may also be useful for treating certain infectious 

diseases.      
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Table 4. 1  Summary of Major Findings for Immune-mediated Conditions  

Disease Outcome  N Current Users 

HR (95% CI)  

Former Users 

HR (95% CI)  

Psoriasis 674 0.63 (0.52, 0.77) 1.09 (0.59, 2.02) 

Rheumatoid arthritis 662 0.68 (0.56, 0.83) 1.22 (0.71, 2.12) 

IBD 307 0.60 (0.45, 0.81) 0.69 (0.22, 2.18) 

     Ulcerative colitis 200 0.65 (0.45, 0.92) ~ 

     Crohn’s disease 138 0.54 (0.34, 0.84) 1.40 (0.43, 4.54) 

Polymyalgia Rheumatica 251 1.08 (0.81, 1.43) 2.11 (1.06, 4.23) 

Spondyloarthropathy  197 0.76 (0.53, 1.09) 0.91 (0.28, 2.95) 

     Ankylosing spondylitis 72 0.55 (0.29, 1.04) ~ 

     Other spondylitis 49 1.15 (0.58, 2.30) 3.13 (0.86, 11.34) 

DCTD 123 0.66 (0.41, 1.05) 1.72 (0.61, 4.89) 

     SLE 59 0.52 (0.26, 1.01) 1.46 (0.33, 6.40)  

Multiple Sclerosis 110 0.78 (0.46, 1.34) 1.39 (0.33, 5.88) 

Thyroiditis 42 0.66 (0.30, 1.49) 2.07 (0.45, 9.48) 

Sarcoidosis 40 0.66 (0.27, 1.61) 1.58 (0.21, 12.12) 

AIHA 30 0.49 (0.18, 1.33) 9.19 (2.47, 34.19) 
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Table 4.1 continued    

Note: N = Number of cases; Note: HR = Hazard Ratio; CI = Confidence Interval; 
IBD = Inflammatory bowel disease; DCTD = Diffuse connective tissue 
disease; SLE = Systemic lupus erythematosus; AIHA = Autoimmune 
hemolytic anemia   
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Table 4. 2  Summary of Major Findings for Infectious Conditions  

Disease Outcome  N Current Users 
HR (95% CI)  

Former Users 
HR (95% CI)  

Pneumonia (Bacterial) 2,986 0.77 (0.70, 0.84) 1.04 (0.83, 1.29) 

Urinary Tract Infections 2,820 0.73 (0.67, 0.80) 1.13 (0.88, 1.44) 

Cellulitis 2,184 0.75 (0.68, 0.84) 1.11 (0.84, 1.47) 

Sepsis 843 0.61 (0.51, 0.72) 1.44 (1.01, 2.05) 

Candidiasis  565 0.72 (0.58, 0.90) 1.45 (0.91, 2.29) 

Osteomyelitis 454 0.75 (0.59, 0.94) 1.88 (1.18, 2.99) 

Tuberculosis  92 0.44 (0.23, 0.84) ~ 

 

Note: N = Number of cases; Note: HR = Hazard Ratio; CI = Confidence Interval;  
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APPENDIX A  

CHRONIC DISEASE SCORE COMORBIDITY MEASURE 

The Chronic Disease Score is based on medications used to treat 29 

chronic medical conditions.   
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Table A. 1 Diseases and Associated Medications Contributing to the Chronic 
Disease Score 

  Weights for: 

Condition (code) Representative 

Medications 

Total  

Cost 

Outpatient  

Cost 

Outpatient  

Visits 

Cystic Fibrosis (A1)  Pancreatin, 

pancrelipase 2341.6 365.6 0.10 

End Stage Renal 

Disease (A2)  

Epoetin alfa, 

darbepoetin alfa 2192.8 3196.7 -1.17 

HIV (A3)  Protease inhibitors, 

reverse transcriptase 

inhibitors 4853.2 2368.7 3.53 

Anxiety and 

Tension (A4)  

Benzodiazepines, 

hypnotics 480.0 291.2 0.52 

Asthma (A5) β2 agonists, inhaled 

corticosteroids   561.2 262.3 0.60 

Bipolar Disorder 

(A6)  

Lithium 

260.1 416.9 0.32 

Cardiac Disease 

(A7)  

Nitrates, digoxin, 

antiarrhythmics  789.1 230.2 0.40 
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Table A.1 continued      

Coronary & 

Peripheral vascular 

disease (A8)  

Anticoagulants, 

platelet aggregation 

inhibitors  1932.3 587.3 0.61 

Depression (A9)  Tricyclic or Selective 

serotonin reuptake 

inhibitor 

antidepressants  543.4 385.9 0.67 

Diabetes (A10)  Insulin, oral 

hypoglycemics  1108.4 423.9 0.91 

Epilepsy (A11)  Phenytoin, gabapentin 771.5 402.2 0.29 

Gastric Acid 

Disorder (A12)  

Proton pump 

inhibitors, H2 Blockers 797.1 351.1 0.54 

Glaucoma (A13)  Ophthalmic β 

blockers, miotics 351.7 330.7 0.18 

Gout (A14)  Colchincine, uric acid 

inhibitors  833.8 146.2 0.07 

Heart disease with 

hypertension (A15)  

β blockers, Calcium 

channel blockers 789.1 230.2 0.40 

Hyperlipidemia 

(A16)  

Statins, fibrates, bile 

acid resins  293.4 302.1 0.32 

Hypertension (A17)  Thiazide diuretics, 

alpha blockers  64.3 84.0 0.34 
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Table A.1 continued      

Inflammatory Bowel 

Disease (A18)  

Sulfasalazine, 

mesalamine 614.7 281.8 0.14 

Liver Failure (A19)  Lactulose 1519.1 798.5 0.33 

Malignancies (A20)  Antineoplastic, colony 

stimulating factors 1940.2 903.6 -0.10 

Pain (A21)  Acetaminophen, 

Narcotic medications 633.2 261.8 0.46 

Pain and 

Inflammation (A22)  

Nonsteroidal anti-

inflammatory drugs  137.6 145.7 0.48 

Parkinson’s 

Disease (A23)  

Levodopa, selegiline 

2114.4 1155.6 0.45 

Psychosis (A24)  Neuroleptics  1438.7 466.7 0.50 

Renal Disease 

(A25)  

Potassium removal 

resins, vitamin D 16579.0 1675.1 -0.46 

Rheumatoid 

Arthritis (A26)  

Gold salts, systemic 

corticosteroids  1199.6 454.6 0.71 

Thyroid Disorder 

(A27)  

Thyroid replacements, 

antithyroid agents 282.8 135.5 0.23 

Transplant (A28)  Cyclosporine, immune 

modulators  3411.6 2733.5 -0.99 

Tuberculosis (A29)  Rifampin, isoniazid  5109.8 834.0 0.59 

Source: Clark, D.O. et al. (1995).  A Chronic Disease Score with Empirically 
Derived Weights.  Med Care, 33. 783-795. [163].     
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APPENDIX B 

COVARIATES PREDICTING STATIN USE 

Using the full duration of pharmacy records for all available subjects, each 

VA drug class was tested in bivariate analyses to explore potential associations 

between the drug groups.   
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Table B. 1 Covariates used to Calculate the Propensity Score for Statin Use  

Predictor Variable Coefficient 

Intercept -8.1934  

Gender (female vs. male)  -0.2447  

Age (in years) 0.2534  

Age (quadratic – years2) -0.00206  

Race (Black vs. White) -0.2629  

Race (Other / Missing vs. White) -0.6868  

Marital Status (Single vs. Married)  -0.2859  

Marital Status (Formerly Married vs. Married) -0.1284  

Local VISN (Yes vs. No)  0.5974  

Means Test (1 vs. 3)  0.5068  

Means Test (2 vs. 3) 0.5394  

Chronic Disease Score group (2 vs. 1)  0.7176  

Chronic Disease Score group (3 vs. 1) 0.9605  

Chronic Disease Score group (4 vs. 1) 1.2945  

Chronic Disease Score group (5 vs. 1) 1.8153  

Elixhauser – Valvular Heart Disease (Present vs. Absent)  0.1492  

Elixhauser – Pulmonary Circulatory Disease (Present vs. Absent) -0.4459 

Elixhauser – Peripheral Vascular Disease (Present vs. Absent) 0.3131  

Elixhauser – Hypertension with Complications (Present vs. Absent) 0.1235  

Elixhauser – Paralysis (Present vs. Absent) -0.1552  

Elixhauser – Neurologic Disease (Present vs. Absent) -0.3929 

Elixhauser – Diabetes (Present vs. Absent) 0.1559  
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Table B.1 continued   

Elixhauser – Diabetes with Complications (Present vs. Absent) 0.0888  

Elixhauser – Hypothyroidsism (Present vs. Absent) -0.1698  

Elixhauser – Liver Disease (Present vs. Absent) -0.9125 

Elixhauser – Peptic Ulcer Disease (Present vs. Absent) 0.2965  

Elixhauser – Hematologic Malignancy (Present vs. Absent) -0.3247  

Elixhauser – Metastatic Cancer (Present vs. Absent) -1.0186  

Elixhauser – Other Solid Tumor (Present vs. Absent) -0.2867 

Note: Empirically derived from study data.   
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