Additional File Table 1. Multimorbidity-Weighted Index Conditions and the Accuracy, Source, and Type of Validation for Respective ICD-9 Codes.
	Organ System
	Diagnosis
	ICD-9 codes found in literature search
	Source of Validationb
	Record Type
	Sample Size in Study
	Algorithm
	Accuracy (Sensitivity, Specificity, PPV, NPV, Kappac)
	

	Cardiovascular
	1. Atrial fibrillation
	427.31 (atrial fibrillation) or 427.32 (atrial flutter)
	Chart review
	Inpatient, outpatient, emergency department
	300
	1 inpatient or 2 outpatient or emergency department
	PPV: 96%[1]
	

	
	
	427.3x
	Chart review
	Outpatient
	1176
	≥1 outpatient
	SENS: 80%
SPEC: 99%
Kappa: 0.81[2]
	


	
	
	427.31, 427.32
	Systematic review
	Inpatient, outpatient
	16
	Various algorithms due to systematic review
	SENS: 57-95%
PPV: 70-96%[3]
	

	
	2. Automated Implantable Cardioverter Defibrillator (AICD)
	37.94, 37.96
	Construct validity [4]
	N/A
	

	
	3. Aneurysm/dissection of chest area
	441.3, 441.4, 441.5, 441.9, 38.44; excluding 441.0x, 441.1, 747.1x, 759.8x, 758.6, 446.0
	Construct validity [5]
	N/A
	

	
	4. Angina
	413.x (except 413.0)
	Chart review
	Inpatient, outpatient
	172
	(1)  Any claim in 12-month window; 
(2) Any claim in 24-month window
	SENS: (1) 57%; (2) 74%
SPEC: (1) 99%; (2) 99% 
PPV: (1) 83%; (2) 85%  
NPV: (1) 96%; (2) 97%[6] 
	

	
	5. Coronary artery bypass graft surgery
	36.1x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 96%; (2) 100%
PPV: (1) 100%; (2) 90%[7]
	

	
	6. Congestive heart failure
	(1) 398.91, 402.x1, 404.x1, 404.x3, or 428.xx; (2) 428.xx
	Chart review
	Inpatient
	908
	(1) Any claim;
(2) Primary claim
	SENS: (1A) 94%; (1B) 55%; (2A) 91%; (2B) 48%
PPV: (1A) 43%; (1B) 86%; (2A) 43%; (2B) 86%[8]
	

	
	
	398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11,
404.13, 404.91, 404.93, 425.x, 428.xx
	Chart review
	Inpatient
	497
	Primary claim
	SENS: 20%
SPEC: 100%
PPV: 79%
NPV: 94%[9]
	

	
	
	398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 425.4-425.9, 428.xx
	Chart review
	Inpatient, outpatient
	172
	(1) Any claim in 12-month window; 
(2) Any claim in 24-month window
	SENS: (1) 90%; (2) 90%
SPEC: (1) 95%; (2) 94% 
PPV: (1) 72%; (2) 69% 
NPV: (1) 99%; (2) 98%[6] 
	

	
	
	(1) 428.xx; (2) 402.xx or 428.xx; (3) 398.97, 402.x1, 404.xx, 415.0, 416.9,
425.4, 428.xx, 429.4, 514, 518.4, 786.0x
	Chart review
	Inpatient
	5083
	Any claim
	SENS: (1) 63%; (2) 66%; (3) 67%
SPEC: (1) 95%; (2) 93%; (3) 93%
PPV: (1) 84%; (2) 79%; (3) 77%
NPV: (1) 87%; (2) 88%; (3) 88%[10]
	

	
	
	398.91, 402.x1, 402.x3, 404.x1, 404.x3, 422.90, 425.4, 425.9, 428.xx
	Chart review
	Inpatient, outpatient
	400
	≥1 Primary Discharge or
≥3 Secondary Discharge or
≥2 Outpatient or ≥3 ED or
≥2 Secondary Discharge
+ ≥1 Outpatient Claim
	SENS: 62%
SPEC: 99%
PPV: 69%
NPV: 98%[11]
	

	
	
	398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 414.8, 428.xx
	Chart review
	Outpatient
	1176
	≥1 outpatient
	SENS: 77%
SPEC: 99%
Kappa: 0.74[2]
	

	
	
	428.xx
	Chart review
	Disease registry
	184
	2 claims
	SENS: 87%
SPEC: 100%
PPV: 100%
NPV: 85%
Kappa: 0.85[12]
	

	
	
	402.01, 402.11, 402.91, 428.0-428.9x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 89%; (2) 85%
PPV: (1) 71%; (2) 87%[7]
	

	
	
	(1) 428.xx; (2) 428.xx with other codes; (3) 402.01, 402.11, 425.x, 429.3, and 514

	Systematic review
	Inpatient, outpatient
	35
	Various algorithms due to systematic review
	PPV: (1) 84-100%; (2) 77-79%; (3) 14-30%[13]
	

	
	7. Hypertension
	401.x-405.xx
	Chart review
	Disease registry
	184
	2 claims
	SENS: 65%
SPEC: 90%
PPV: 95%
NPV: 50%
Kappa: 0.45[12]
	

	
	
	401.x-405.xx, 437.2; exclusion:  250.xx, 430-436, 437.1, 437.9, 438.xx
	Chart review
	Inpatient, outpatient
	76
	Any claim up to 9 claims
	PPV: 93%[14]
	

	
	8. Myocardial infarction
	410.xx, 412
	Chart review
	Inpatient, outpatient
	172
	(1) Any claim in 12-month window; 
(2) Any claim in 24-month window
	SENS: (1) 38%; (2) 44%
SPEC: (1) 100%; (2) 100%
PPV: (1) 97%; (2) 98%
NPV: (1) 87%; (2) 88%[6]
	

	
	
	410.xx, 411.xx
	Chart review
	Inpatient
	956
	Primary claim of (1) 410; (2) 411
	PPV: (1) 95%; (2) 9%[15]
	




	
	
	410.xx
	Chart review
	Inpatient
	17900
	Primary or secondary claim; (1) male; (2) female
	SENS: (1) 65%; (2) 60%
PPV: (1) 77%; (2) 73%[16]
	

	
	
	410.x0, 410.x1
	Chart review
	Inpatient
	143
	Primary claim
	PPV: 86%[17]
	

	
	
	410.x0, 410.x1
	Chart review
	Inpatient
	103
	(1) Primary claim; 
(2) Secondary claim; 
(3) Primary, secondary, or unspecified claim
	PPV: (1) 93%; (2) 88%; (3) 75%[18]
	

	
	
	410.xx
	Chart review
	Inpatient
	154
	Any claim
	SENS: 67%
SPEC: 100%
PPV: 100%[19]
	

	
	
	 410.xx or 411.xx
	Chart review
	Inpatient
	5329
	Any claim
	SENS: 81%
SPEC: 93%
PPV: 55%
NPV: 98%[20]
	

	
	
	410.xx
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 90%; (2) 94%
PPV:  (1) 87%; (2) 92%[7]
	

	
	9.Cerebrovascular disease and stroke
	433.x1, 434.x1, 436, 437.1, or 437.9
	Chart review
	Inpatient
	200
	Any claim
	PPV: 87%[21]
	



	
	
	433.x1, 434.x1
	Chart review
	Emergency department, inpatient
	3915
	Primary claim
	SENS: 71%
PPV: 90%[22]
	

	
	
	433.x1, 434.xx, 436
	Chart review
	Inpatient
	131
	Primary claim
	PPV: 60%[23]
	

	
	
	(1) 433.xx-434.xx, 436 (ischemic stroke)
(2) 430-432.x (intracranial hemorrhage)
	Chart review
	Inpatient
	1812
	Any claim
	PPV: (1) 94%; (2) 95%[24]
	

	
	
	431, 432.9, 434.xx-434.9x, 436
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 92%; (2) 94%
PPV:  (1) 71%; (2) 81%[7]
	

	
	
	430, 431, 433.x1, 434.xx  (excluding  434.x0),  or  436
	Chart review
	Inpatient
	231
	(1) Primary claim; (2) Any claim
	PPV: (1) 97%; (2) 89%[25]
	

	
	
	Tested each ICD-9 code separately: (1) 342.xx; (2) 430; (3) 431; (4) 432.x; (5) 433.xx; (6) 434.xx; (7) 436; (8) 437.x; (9) 438.xx
	Chart review
	Inpatient
	4015
	Primary or up to 5 secondary claims
	PPV: (1) 36%; (2) 76%; (3) 78%; (4) 54%; (5) 9%; (6) 77%; (7) 61%; (8) 14%; (9) 9%[26]
	

	
	10. Valvular heart disease
	394.x-397.x, 398.9x, 42.4x, V42.2, V43.3
	Chart review
	Inpatient
	10401
	Any claim
	SENS: 41%
SPEC: 97%
PPV: 93%
NPV: 68%[27]
	

	Endocrine
	11. Diabetes
	250.xx
	Chart review
	Outpatient
	1176
	≥1 outpatient claim
	SENS: 97%
SPEC: 96%
Kappa: 0.92[2]
	

	
	
	250.xx
	Chart review
	Disease registry
	184
	2 claims
	SENS: 91%
SPEC: 100%
PPV: 100%
NPV: 90%
Kappa: 0.90[12]
	

	
	
	250.00-250.93
	Chart review
	Any encounter
	465
	(1) One claim; (2) Two claims
	SENS: (1) 92%; (2) 64%
SPEC: (1) 99%; (2) 99%
PPV: (1) 94%; (2) 95%[28]
	

	
	12. Elevated cholesterol/
Hyperlipidemia
	272.0-272.4
	Chart review
	Outpatient
	1176
	≥1 outpatient
	SENS: 85%
SPEC: 85%
Kappa: 0.70[2]
	

	
	
	272.0-272.4
	Chart review
	Disease registry
	184
	2 claims
	SENS: 95%
SPEC: 90%
PPV: 90%
NPV: 95%
Kappa: 0.85[12]
	

	
	13. Hypertriglyceridemia
	272.3
	Construct validity [29]
	N/A
	

	
	14. Hyperthyroidism
	242.9x
	Construct validity [30]
	N/A
	

	
	15. Hypothyroidism
	244.0, 244.1, 244.9
	Construct validity [31]
	N/A
	

	
	16. Thyroid nodule/Goiter
	242.0x (diffuse goiter); 241.x, 242.1x, 242.3x (nodular goiter); 241.1, 242.2x (multinodular goiter); 240.x, 246.1 (unspecified goiter); 246.2 (thyroid cyst)
	Construct validity [32]
	N/A
	

	Gastrointestinal
	17. Barrett’s esophagus
	530.2, 530.85
	Chart review
	Outpatient
	1672
	Any claim
	PPV: 65%[33]
	

	
	18. Cirrhosis, liver transplant
	(1) 571.2, (2) 571.5
	Chart review
	Inpatient, outpatient
	2893
	Any claim
	SENS: (1) 52%; (2) 72%
SPEC: (1) 84%; (2) 68%
PPV: (1) 87%; (2) 80%
NPV: (1) 46%; (2) 53%[34] 
	

	
	19. Diverticulosis/ diverticulitis
	562.11, 562.13
	Chart review
	Inpatient, outpatient, emergency department
	2117
	Any claim
	PPV: 83%[35]
	

	
	20. Gallstones
	 
	N/A for gallstones
	

	
	21. Chronic hepatitis/hepatocellular disease
	070.2x, 070.3x
	Chart review
	Any encounter
	1,652,055
	Other auxiliary dataa
	SENS: 84%
SPEC: 100%
PPV: 61%
NPV: 100%[36]
	

	
	22. Inflammatory bowel disease
	(1) 555.x; (2) 556.x
	Chart review
	Inpatient, outpatient
	511
	Any claim
	SENS: (1) 92%; (2) 84%
SPEC: (1) 99%; (2) 99%
PPV: (1) 88%; (2) 82%[37]
	

	
	
	555.x or 556.x
	Chart review
	Inpatient, outpatient
	1871
	(1) 1 claim; (2) 5 codes; (3) 2 claims, ≥1 outpatient; (4) 2 outpatient or 1 inpatient; (5) 2 outpatient and 1 inpatient 
	PPV: (1) 69%; (2) 94%; (3) 91%; (4) 87%; (5) 92%[38]
	

	
	23. Pancreatitis
	577.0, excluding 577.1
	Chart review
	Inpatient
	802
	Primary claim
	SENS: 96%
SPEC: 85%
PPV: 80%
NPV: 98%[39]
	

	
	
	577.0
	Systematic review
	Inpatient, outpatient
	8
	Various algorithms due to systematic review
	PPV: 60-80%
NPV: >90%[40]
	

	
	24. Colon polyp
	
	N/A for colon polyp
	

	
	25. Ulcer, peptic
	(1) 531.xx-534.xx, 578.x; (2) 532.xx; (3) 531.xx, 534.xx; (4) 533.xx
	Chart review
	Inpatient
	347
	Primary claim 
	PPV: (1) 46%; (2) 77%; (3) 76%; (4) 0%[41]
	

	
	
	531.xx-534.xx
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 92%; (2) 92%
PPV: (1) 75%; (2) 89%[7]
	

	Hematologic
	26. Pernicious anemia
	281.0
	Construct validity [42]
	N/A
	

	Immunologic
	27. AIDS
	042 (AIDS); V08 (asymptomatic HIV); 042.0-.2, 042.9, 043.0-.3, 043.9, 044.9, 079.53 (HIV-related codes).
	Chart review
	Any encounter
	1153
	Other auxiliary dataa
	SENS: 83%
SPEC: 86%
PPV: 85%
NPV: 90%[43]
	

	Integumentary
	28. Solar actinic keratosis
	702.0
	Construct validity [44]
	N/A
	

	Musculoskeletal
	29. Connective tissue disease
	 710.3
	Chart review
	Inpatient, outpatient
	(1) Outpatient 206; (2) Inpatient primary 21; (3) Inpatient secondary 50
	(1) Outpatient; (2) Inpatient primary claim; (3) Inpatient secondary claim
	SENS: (1) 89%; (2) 23%; (3) 26%
PPV: (1) 35%; (2) 95%; (3) 46%[45]
	

	
	
	 710.0
	Chart review
	Inpatient, outpatient
	200
	(1) ≥1 claim; (2) ≥2 claims; (3) ≥3 claims; (4) ≥4 claims
	SENS: (1) NA; (2) 86%; (3) 77%; (4) 71%
PPV: (1) 49%; (2) 65%; (3) 75%; (4) 79%[46]
	

	
	30. Herniated disc
	722.10, 722.2
	Construct validity [47]
	N/A
	

	
	31. Hip fracture
	 820.xx
	Chart review
	Inpatient
	104
	Any claim
	PPV: 100%[48]
	

	
	
	 820.xx
	Chart review
	Inpatient
	1415
	Primary or secondary claim
	SENS: 89%
PPV: 84%[49]
	

	
	
	 820.xx-829.x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 96%; (2) 97%
PPV:  (1) 94%; (2) 96%[7]
	

	
	32. Vertebral fracture
	805.xx (spine fracture)
	Chart review
	Inpatient
	101
	Any claim
	PPV: 86%[48]
	

	
	33. Wrist fracture
	813.xx-814.xx (forearm/wrist fracture)
	Chart review
	Inpatient
	94
	Any claim
	PPV: 100%[48]
	

	
	34. Gout
	274.xx
	Chart review
	Inpatient, outpatient emergency department/urgent care
	85
	Any claim
	SENS: 86%
SPEC: 95%
PPV: 86%
NPV: 95%
Kappa: 0.86[50]
	

	
	35. Hip replacement surgery
	81.5x, 81.6x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 97%; (2) 95%
PPV:  (1) 100%; (2) 98%[7]
	

	
	36. Knee replacement surgery
	00.80-00.84, 81.54-81.55
	Chart review
	Any encounter
	200
	Other auxiliary dataa
	SENS: 96%
SPEC: 92%
PPV: 91%
NPV: 97%
Kappa:0.88[51]
	

	
	37. Osteoarthrosis
	715.xx
	Construct validity [52]
	N/A
	

	
	38. Osteoporosis
	733.0x (osteoporosis); 805.2, 805.4, 805.8, 733.13, 737.10 (vertebral fractures).
	Construct validity [53]
	N/A
	

	
	39. Rheumatoid arthritis
	714.0-714.33
	Chart review
	Inpatient, outpatient
	60
	≥1 claim 
	PPV: 97%[54]
	

	
	
	 714.xx
	Chart review
	Inpatient, outpatient
	(1) ≥2 claims 131; (2) ≥3 claims 110
	(1) ≥2 claims (2) ≥3 claims
	PPV: (1) 56%; (2) 66% [55]
	

	
	
	 714.xx
	Chart review
	Outpatient
	543
	≥2 claims at least 6 months apart
	PPV: 31%[56]
	

	
	
	 714.0
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 83%; (2) 85%
PPV:  (1) 81%; (2) 85%[7]
	

	
	
	714.xx
	Systematic review
	Inpatient, outpatient
	9
	Various algorithms due to systematic review
	PPV: 34-97%[57]
	

	Nervous
	40. Amyotrophic lateral sclerosis (ALS)
	335.20
	Chart review
	Inpatient
	527
	Primary or secondary claim
	SENS: 93%
SPEC: 99%
PPV: 87%
NPV: 99%[58]
	

	
	
	335.2x
	Chart review
	Inpatient
	1,012,122
	Primary claim
	SENS: 92%
SPEC: 100%
PPV: 65%[59]
	

	
	41. Dementia including Alzheimer's
	290.0-290.9, 331.0-331.2
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 76%; (2) 53%
PPV:  (1) 60%; (2) 75%[7]
	

	
	
	290.0, 290.1x, 290.3, 290.4x, 294.1x, 331.0, 331.1x, 331.82
	Chart review
	Inpatient
	340
	Primary or secondary
claim
	

PPV: 93%[60]

	

	
	42. Migraine
	 346.xx
	Construct validity [61-63]
	N/A
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	43. Multiple sclerosis
	340
	Chart review
	Inpatient, outpatient
	25,712
	≥1 claim
	SENS: 93%
SPEC: 92%
Kappa: 0.85[64]
	

	
	
	377.3x, 323.82, 323, 341.9, 340, 341.0
	Chart review and self-report
	Inpatient, outpatient
	400
	(1) ≥7 medical contacts for MS; (2)
≥3 medical contacts for MS

	SENS: (1, self-report) 92%; (2, self-report) 90%
SPEC: (1, self-report) 77%; (2, self-report) 56%
PPV: (1, chart review) 85%; (2, chart review) 77%; (1, self-report) 92%; (2, self-report) 75%
NPV: (1, chart review) 74%; (2, chart review) 76%; (1, self-report) 79%; (2, self-report) 80%
Kappa: (2, self-report) 0.86[65]
	

	
	44. Parkinson disease
	 332.0
	Chart review
	Outpatient
	577
	(1) ≥1 claim; (2) ≥2 claims; (3) ≥5 claims
	SENS: (1) 100%; (2) 89%; (3) 67%
SPEC: (1) 0%; (2) 28%; (3) 52%
PPV: (1) 76%; (2) 79%; (3) 83%
NPV: (1) NA; (2) 46%; (3) 36%[66]
	

	
	45. Restless legs syndrome
	333.90, 333.99
	Construct validity [67]
	N/A
	

	
	

46. Seizure disorder and epilepsy

	345.xx
	Chart review
	Inpatient, emergency department, outpatient
	940
	Primary claim
	PPV: 99%
NPV: 97%[68]
	

	
	47. Transient ischemic attack
	 435.x
	Chart review
	Inpatient
	(1) Primary claim 130; (2) Any claim 145
	(1) Primary claim; (2) Any claim
	SENS: (1) 75%; (2) 82%
PPV: (1) 80%; (2) 78%[69]
	

	Oncologic
	48. Bladder cancer
	88.xx, 233.7, 236.7, 239.4
	Chart review
	Inpatient, outpatient
	100
	≥2 outpatient claims 
	SENS: 98%
SPEC: 90%
PPV: 94%[70]
	

	
	49. Breast cancer
	174.x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 97%; (2) 96%
PPV: (1) 84%; (2) 88%[7]
	

	
	50. Cervical cancer
	795.04, 622.12, 233.1, 180.1, V73.81 
	Chart review
	Outpatient
	1713
	(1) ≥1 claim; (2) ≥2 claims
	
PPV: (1) 57%, (2) 60%[71]
	

	
	51. Colon cancer
	153.x-154.x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 92%; (2) 92%
PPV:  (1) 88%; (2) 87%[7]
	

	
	52. Lung cancer
	162.x
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 93%; (2) 92%
PPV:  (1) 90%; (2) 84%[7]
	

	
	53. Leukemia, lymphoma
	 200.00-208.91
	Construct validity [72]
	N/A
	

	
	54. Melanoma
	172.x
	Construct validity [73]
	N/A
	

	
	55. Other cancer
	155.0 (hepatocellular carcinoma)
	Chart review
	Inpatient, outpatient
	616
	(1) Any claim (2) Any inpatient claim regardless of outpatient claim
	SENS: (1) 100%; (2) 72%
SPEC: (1) 99%; (2) 100%
PPV: (1) 85%; (2) 95%
NPV: (1) 100%; (2) 99%[74]
	

	
	56. Ovarian cancer
	 183.xx
	Construct validity [75]
	N/A
	

	
	57. Prostate cancer
	 185
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 84%; (2) 93%
PPV: (1) 88%; (2) 96%[7]
	

	
	58. Basal and squamous cell carcinoma
	173.xx
	Chart review
	Outpatient
	965
	Any claim
	PPV: 47%[76]
	

	
	
	173.xx
	Chart review
	Outpatient
	5995
	Any claim
	SENS: 64%
SPEC: 85%
PPV: 52%
NPV: 90%[77]
	

	
	59. Uterine/endometrial cancer
	182.0-182.8, 68.8 
	Disease registry
	Inpatient
	16853
	(1) Primary claim; (2) Any claim
	SENS: (1) 77%, (2) 84%[78]

	

	Ophthalmologic
	60. Cataract
	366-366.4
	Construct validity [79]
	N/A
	

	
	
	13.11, 13.19, 13.20, 13.30, 13.41, 13.42, 13.43, 13.59, 13.69, 13.71
	Construct validity [80]
	N/A
	

	
	61. Glaucoma
	365.1x-365.9x, 365.0x
	Self-report
	Inpatient, outpatient, ancillary
	4613
	Any claim
	SENS: 68%
SPEC: 95%[81]
	

	
	62. Macular degeneration
	362.52
	Chart review
	Outpatient
	363
	Any claim
	SENS: 62%
SPEC: 100%
PPV: 98%[82]
	

	Oral
	63. Gingival and periodontal disease
	523.4x (chronic periodontitis)
	Construct validity [83]
	N/A
	

	
	
	523.1x (chronic gingivitis)
	Construct validity [84]
	N/A
	

	Psychiatric
	64. Alcohol abuse
	291.x, 303.xx, 305.0x
	Chart review
	Inpatient and outpatient
	730
	Any claim
	SENS: 68%
SPEC: 97%
PPV: 87%
NPV: 91%[85]
	

	
	65. Depression
	296.20–296.24, 296.30–296.34
	Disease screening
	Medicare Part A and Part B
	321
	Any claim
	SENS: (1) 14%; (2) 18%
SPEC: (1) 96%; (2) 93%
PPV:  (1) 41%; (2) 37%
NPV: (1) 84%; (2) 84%[86]
	

	Pulmonary
	66. Asthma
	493.0x-493.9x
	Chart review
	Inpatient, outpatient, emergency department
	1,099
	Any claim
	SENS: 43%
SPEC: 97%[87]
	

	
	67. Chronic obstructive pulmonary disease (COPD)
	491.xx-494.x, 496
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 85%; (2) 79%
PPV: (1) 87%; (2) 68%[7]
	

	
	
	491.xx, 492.x, 496
	Chart review
	Inpatient, outpatient
	12,127
	(1) ≥2 outpatient or ≥1 inpatient; (2) ≥3 outpatient or ≥2 inpatient
	PPV: (1) 64%; (2) 72%[88]
	

	
	
	491.xx, 492.x, 496
	Chart review
	Inpatient
	1221
	Primary claim of 491, 492, or 496
	





PPV: 50%[89]





	

	
	
	490-492.x, 493.22, 496, 518.81, 518.82, 518.84, 799.1
	Chart review
	Inpatient
	(1) 50; (2) 46; (3) 29; (4) 20
	(1) Age≥ 25, Primary claim of 490, 491.x, 492.x, 493.22, 496
OR Primary claim of 518.81, 518.82, 518.84, 799.1 AND secondary claim of 490, 491.x, 492.x, 493.22, 496; (2) Age ≥40, Primary claim of 491.x (except for 491.20), 492.x, 493.22, 496 OR primary claim of 518.81, 518.82, 518.84 AND secondary claim of 491.x (except for 491.20), 492.x, 493.22, 496; (3) Age ≥40, primary claim of 491.x, 492.x, 496; (4) Age ≥40, primary claim of 491.21
	SENS: (1) 25%; (2) 24%; (3) 15%; (4) 12%
SPEC: (1) 100%; (2) 100%; (3) 100%; (4) 100%
PPV: (1) 81%; (2) 85%; (3) 86%; (4) 97%
NPV: (1) 94%; (2) 94%; (3) 93%; (4)
93%[90]
	

	
	
	490, 491.xx (all except 491.8), 492.x, 493.xx, 496
	Chart review
	Outpatient
	1176
	≥1 outpatient claim
	SENS: 81%
SPEC: 92%
Kappa: 0.68[2]
	

	
	68. Deep vein thrombosis/pulmonary embolism
	415.1x, 451.xx-453.xx, 671.3x, 671.4x, 671.9x, 673.2x, 673.83, 996.73, 996.74, 997.2, 999.2, 996.7x
	Systematic review
	Inpatient, outpatient
	7
	Various algorithms due to systematic review
	PPV: 26%-96%[91]
	

	Renal
	69. Calculus of kidney and ureter, Calculus of lower urinary tract
	592.0, 592.1, 592.9 
	Chart review
	Inpatient, outpatient
	98
	Primary, secondary, or third position in claim
	PPV: 96%[92]
	

	
	70. Chronic kidney disease, polycystic kidney disease
	403.xx, 405.x1, 582.xx, 583.xx, 585.x, 586, 593.9
	Chart review
	Outpatient
	1176
	≥1 outpatient claim
	

SENS: 62%
SPEC: 98%
Kappa: 0.62[2]

	

	
	
	585.x, 586 (chronic renal failure)
	Chart review
	Inpatient
	7050
	(1) Any claim; 
(2) Primary claim
	SENS: (1) 83%; (2) 85%
PPV:  (1) 70%; (2) 61%[7]
	

	
	
	585.x, 
403.xx, 404.xx, 583.81, 581.81, 250.40, 250.42, 250.80, 250.82
	Chart review
	Inpatient, outpatient
	1186
	Any claim
	PPV: 63%
NPV: 54%[93]
	

	
	
	753.12, 753.13, 753.14 (Polycystic kidney disease)
	Chart review
	Disease registry
	184
	2 claims
	SENS: 100%
SPEC: 90%
PPV: 90%
NPV: 100%
Kappa: 0.90[12]
	

	
	
	(1) 250.40, 250.41, 250.42, 250.43 (diabetic nephropathy); (2) 403.xx, 404.xx (hypertensive nephropathy); (3) 572.4, 580.xx, 584.xx, 580.0, 580.4, 580.89, 580.9, 582.4, 791.2, 791.3 (acute renal failure); (4) 582.xx, 583.xx, 585.x, 586, 587 (chronic renal insufficiency)
	Chart review
	Medicare claims
	1852
	Any claim
	SEN: (1) 3%; (2) 7%; (3) 5%; (4) 12%
SPEC: (1) 99%; (2) 99; (3) 100%; (4) 99%
PPV: (1) 86%; (2) 95%; (3) 97%; (4) 97%
[bookmark: _GoBack]NPV: (1) 32%; (2) 33%; (3) 33%; (4) 35%[94]
	

	
	71. Interstitial and other cystitis
	098.0, 098.2, 595.0, 595.2, 595.9, 599.0, 597.xx (UTI), 590.xx (upper UTI)
	Construct validity [95]
	N/A
	

	
	
	595.1, 595.2, 595.5
	Construct validity [96]
	N/A
	

	Reproductive
	72. Benign prostatic hyperplasia (BPH)
	600.xx
	Construct validity [97]
	N/A
	

	
	
	600.xx
	Construct validity [98]
	N/A
	

	
	
	599.6x, 600.0x, 60.21, 60.29, 60.3, 60.4, 60.94, 60.95, 788.20, 788.21, 788.29, 788.41, 788.42, 788.43, 788.61, 788.62
	Construct validity [99]
	N/A
	

	
	73. Prostate surgery for BPH
	60.21, 60.29, 60.3, 60.4, 60.94, 60.95
	Construct validity [99]
	N/A
	

	
	74. Benign breast disease, Disorders of breast
	 217, 611.xx
	Construct validity [100]
	N/A
	

	
	75. Erectile dysfunction
	607.84
	Construct validity [83]
	N/A
	

	
	76. Endometriosis
	617.x
	Construct validity [101]
	N/A
	

	
	77. Uterine fibroid
	218.x, 654.1x
	Chart review
	Inpatient
	65
	Primary or secondary position in claim
	SENS: 37%
SPEC: 100%[102]


	

	
	78. Polycystic ovary syndrome, Noninflammatory disorders of ovary, fallopian tube, and broad ligament
	706.0, 706.1, 704.0x, 704.1, 626.x, 256.4
	Construct validity [103]
	N/A
	

	
	79. Premenstrual syndrome
	625.4
	Construct validity [104]
	N/A
	

	
	80. Ectopic pregnancy
	633.xx
	Construct validity [105]
	N/A
	

	
	
	
	
	
	
	
	
	


Abbreviations: N/A, not available; NPV, negative predictive value; PPV, positive predictive value; SENS, sensitivity; SPEC, specificity
a Algorithm for case finding included data other than ICD-9 codes alone, but these were the only validation articles found for these conditions so they were included.
b If the source of validation was a systematic review, the sample size refers to the number of studies included.
cThe number within the bracket following the accuracy values indicates the citation number for the reference.
Additional File Table 2. Two by Two Table for the Association Between ICD Codes (Test) to Indicate a Chronic Condition and an External Reference Standard (Gold Standard) to Verify a Chronic Condition.
	
	Condition indicated by external reference standard
	Condition not indicated by external reference standard

	Condition indicated by
ICD codes
	True positives
	False positives

	Condition not indicated by ICD codes
	False negatives
	True negatives


Abbreviations: ICD-9, International Classification of Diseases, Ninth Revision
aPositive predictive value = True positives / (True positives + False positives)
bNegative predictive value = True negatives / (True negatives + False negatives)
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