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Background
The National Electronic Injury Surveillance System (NEISS), a probability sample of hospital emergency departments (EDs) in the United States and its territories, has been used by the U.S. Consumer Product Safety Commission (CPSC) to measure the magnitude of the injury problem associated with consumer products since the 1970s. 

In 2000, the NEISS All Injury Program (AIP) was initiated to expand data collection to include data on ED visits for all types of injuries, instead of only injuries related to consumer products.  In 2004, the Cooperative Adverse Drug Event Surveillance (CADES) component of NEISS was initiated as a joint collaboration of CPSC, the Centers for Disease Control and Prevention (CDC), and the U.S. Food and Drug Administration (FDA) to collect data on ED visits for adverse drug events (ADEs).  ADEs include adverse events from prescription drugs, over-the-counter drugs, and vaccines, as well as dietary supplements.  NEISS-CADES uses the same stratified, nationally-representative sample and data collection methods as NEISS-AIP, and collects additional information on ED visits for ADEs.    

Hospital participation in NEISS is voluntary and confidentiality of all data is ensured by the Consumer Product Safety Act. Data collection, management, quality assurance, and analyses were determined to be public health surveillance activities by CDC and FDA human subjects oversight bodies and therefore did not require human subject review or institutional review board approval.

Sample Design

The first NEISS sample was based on a 1968 inventory of U.S. hospitals and 1960 population census data. It comprised a statistically valid sample of hospitals, representative of all general hospitals

with emergency departments in the 48 contiguous states.  Since then, the NEISS sample of hospitals has been updated numerous times to reflect changes in the landscape of hospitals and EDs over time.  During 1996, a new sampling frame was constructed based on the most currently available listing of hospitals and ED visits and the current NEISS sample is based on this design update.  Since 1999, NEISS weights have been adjusted annually to take into account changes in the most recent available sampling frame of U.S. hospitals.
Currently, NEISS is based on a stratified, randomly selected sample of all hospitals (excluding psychiatric and penal institutions) in the United States and its territories, with at least 6 beds and a 24-hour ED.  There are 4 strata based on hospital size (the total number of annual hospital ED visits) and 1 pediatric hospital stratum.  

Data Collection

At each of 63 participating NEISS-CADES hospitals, data abstractors employed by CPSC and trained by CDC review clinical records of all ED visits. Abstractors are instructed to focus on the physician diagnosis section of the clinical records. If a condition is linked to a drug effect in this section, the case is included. If the diagnosis describes a condition that is frequently due to a drug effect (such as rash, bleeding, or hypoglycemia), other sections of the patient chart are examined for evidence of a drug-related injury (e.g., instructions to discontinue a medication and avoid future use, documentation of supratherapeutic international normalized ratio in patient on anticoagulants, or documentation of insulin use in a patient with hypoglycemia).

Once an ADE has been identified, abstractors use a computer-based data entry system to record a case report. The data entry form, derived from the MedWatch Form FDA 3500, includes fields for recording the name, dose, route, frequency, and duration of use for up to 2 suspected drugs. Additional information on clinical testing, diagnosis, treatment, and patient disposition is also recorded, and a free-text narrative field is used to describe the circumstances surrounding the injury. Abstractors at participating hospitals receive training on ADE identification and reporting before submitting reports to NEISS-CADES. 
Training is conducted at CPSC or through distance-based learning sessions and includes specific guidelines and practice exercises. Hospital abstractors also receive updated reference materials, individual evaluations, and periodic site visits to help assure data quality. Case reports are electronically transmitted to CPSC, where an initial quality review is performed. De-identified data are then forwarded to CDC where all case reports involving drugs, vaccines, and dietary supplements are reviewed.  Reports which meet the ADE case definition but fail to include complete information are returned to CPSC for investigation and revision. Complete ADE reports are coded using the Medical Dictionary for Regulatory Activities (MedDRA) to describe the diagnoses, symptoms, type of adverse events, and type of medication errors. Implicated drugs are standardized with respect to drug name and then classified using a modified version of the Veterans Health Administration National Drug File.
Statistical Properties
Because NEISS is a stratified probability sample of U.S. hospitals with EDs, it has statistical properties that allow calculation of national estimates and the likelihood that the estimates from the sample reflect the “true” value if a census of all U.S. hospital EDs had been conducted.  

Each case identified in a NEISS hospital represents a number of similar cases from similar hospitals.  Each case can be “weighted” based on the number of similar cases it represents.  The basic hospital weights used by NEISS are equal to the inverse of the probability of selection for the hospitals in each stratum. The inverse of the probability of selection is simply the total number of U.S. hospitals in the sampling frame divided by the total number of hospitals in the NEISS sample calculated at the stratum level. Adjustments to these basic weights are made for non-response (e.g., if a hospital in a given stratum does not report cases for a particular month) and hospital mergers.  Additionally, on an annual basis, a ratio adjustment is made to the weights that accounts for changes in the number of hospitals in from the most recent sampling frame of eligible U.S. hospitals.
National estimates for a specific type of NEISS case (e.g., cases involving a specific product type) can be calculated as the sum of the number of cases multiplied by their respective weights. Because NEISS estimates are based on a sample of hospital EDs rather than on a census of all hospital EDs, they may differ somewhat from the figures that would have been obtained if the number of injuries had been obtained from all hospital EDs in the U.S.
Several commercially available statistical packages (e.g., SAS, SUDAAN) have standardized procedures for calculating estimates and measures of variance for data based on complex sample designs (like NEISS-CADES).  For this analysis, national estimates the corresponding 95% confidence intervals (CIs) were calculated using the SAS Survey procedures (e.g., PROC SURVEYMEANS) to account for the sample weights and sample design.  To obtain average annual estimates and 95% CIs, estimates and corresponding 95% CIs from 2004-2013 were divided by 10.  
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Table S1.  Definition of Terms

	Term
	Definition

	Regulatory Definition of Dietary Supplement
	As defined by the Dietary Supplement Health and Education Act of 1994 (DSHEA), a dietary supplement is a product (other than tobacco) intended to supplement the diet that bears or contains one or more of the following dietary ingredients: (A) a vitamin; (B) a mineral; (C) an herb or other botanical; (D) an amino acid; (E) a dietary substance for use by man to supplement the diet by increasing the total dietary intake; or (F) a concentrate, metabolite, constituent, extract, or combination of any ingredient described in clause (A), (B), (C), (D), or (E).
	

	Serious Adverse Event
	As mandated by the Dietary Supplement and Nonprescription Drug Consumer Protection Act of 2006, reports of “serious” adverse events include those which involve mortality, life-threatening events, hospitalizations (initial or prolonged), disability or other permanent damage, congenital anomalies/birth defects, or other events requiring medical or surgical intervention to prevent or treat injury associated with use of supplements.
	

	Herbals / Complementary Nutritionals
	Herbal agents include botanical products.  Complementary nutritional products include amino acid supplements, selected laxatives (fiber, calcium polycarbophil, psyllium, methylcellulose, mineral oil, castor oil, and malt soup), microbial additives [probiotics], and other nutritionals, excluding vitamin and mineral supplements.  Food products (e.g., energy drinks, herbal teas consumed as beverages) are excluded.
	

	Micronutrients
	Single-ingredient or combination vitamin or mineral supplements, excluding niacin, niacinamide and related combinations (other than B-complex combinations, which are included). Parenterally-administered vitamins/minerals (e.g., intravenous iron, intramuscular cyanocobalamin) and enteral nutrition preparations are excluded.
	

	Adverse Reaction
	Undesirable pharmacologic or idiosyncratic effects at recommended doses.
	

	Allergic Reaction
	Immunologically mediated effects.
	

	Excess Dose
	Ingestion of excess dose or supratherapeutic effect of dose.
	

	Unsupervised Child Ingestion
	Children ≤10 years of age accessing products without caregiver permission or oversight.
	

	Other Adverse Event
	Choking, falls, and other secondary effects.
	

	Discharged
	Treated and released or left against medical advice.
	

	Hospitalized
	Hospital admission, observation status admission, or transfer to another acute care facility.
	


Table S2. Dietary Supplement Product Categorization*

	Herbals / Complementary Nutritionals

	Product Category
	Products†

	Bodybuilding
	Citrulline

Creatine 

Creatine / Nitric Oxide 

Nitric Oxide-containing Supplement

Tribulus Terrestris

Bodybuilding Supplement (e.g., “Animal Pack”, “Jet Fuel”)
	Protein Supplement (e.g., “Protein Maximization Supplement”, “Protein Pack Supplements”, “Protein Power”, “Protein Supplement”, “Protein Supplement Pro-Hormone”) 

Testosterone Supplement (e.g., “Testosterone Supplement”, “Testosterone P6”, “Testosterone Booster”, “Testosterone Builder”)

	Cardiovascular Health
	Coenzyme Q10 

Fish Oil 

Hawthorn Berry

Antihypertensive Supplement (e.g., “Herbal Antihypertensive”)
	Cholesterol Reduction Supplement (e.g., “GNC Cholesterol Capsule”, “Herbal Anticholesterol Medication”)

Circulation Improvement Supplement (e.g., “Circu-Vite”, “Leg-Aid”)

	Detoxification or Cleansing
	Detoxification Supplement (e.g., “Cleansing Pills”, “Liv.52”, “Detox Pill”)
	Colon Cleansing Supplement (e.g., “Colon Cleanser”, “Evercleanse Colon Tx”, “Internal Flush”)

	Energy
	Caffeine

Dimethylaminoethanol (DMAE) 

Ephedra

Ginseng

Guarana
	Attention/Focus Enhancement Supplement (e.g., “Alert”, “Mental Focus Supplement”)

Energy Supplement (e.g., “Black Jack Energy”, “Swarm Energy”, “Yellow Jacket Energy”)

	Immunity Infection / Cold
	Echinacea

Glycerin/Honey

Honey

Lysine

Pelargonium

Xylitol / Saline
	Zinc (including gluconate and sulfate salts)

Cough Cold Allergy Supplement (e.g., “Zarbee’s Cough Syrup”, “Hylands Cough and Cold Syrup”)

Immunity / Anti-Infection Supplement 

	Laxative
	Calcium Polycarbophil

Castor Oil

Fiber

Malt Soup 

Methylcellulose
	Mineral Oil

Psyllium 

Laxative Supplement (e.g., “Swiss Kriss”, “Smooth Move”, “Herbal Laxative”)

	Microbial Additive
	Acidophilus

Bifidobacterium Infantis 

Lactobacillus
	Saccharomyces Boulardii 

Probiotic Not Otherwise Specified

	Pain / Arthritis Relief
	Arnica

Boswellia Serrata

Chondroitin

Chondroitin / Glucosamine

Clove Oil

Dimethyl Sulfoxide

Glucosamine

Pokeweed
	Analgesic Supplement (e.g., “Sombra”, “Pain Crusher”)

Anti-Inflammatory Supplement (e.g., “Natural Inflamma Loss”) 

Hangover Relief Supplement (e.g., “Chaser”, “Freedom from Hangovers”)

Joint Aid Supplement (e.g., “Hydraflexin”, “Alleviate Joint Formula”)

	Sexual Enhancement
	Yohimbine Root 

Erectile Dysfunction Supplement (e.g., “Miracle Zen”, “OTC Erectile Dysfunction Med”)
	Sexual Enhancement Supplement (e.g., “Extenze”, “Stamina-Rx”, “Enzyte”, “Virility Herbal Pill”)

	Skin or Hair Health
	Acetylcysteine

Aloe Vera

Myrrh

Oleum Olivae

Tea Tree Oil

Thuja Occidentalis

Anti-Acne Supplement (e.g., “Nature’s Cure Acne Prep”)
	Topical Herbals / Complementary Nutritionals (e.g., “Dr. Gordshell’s Skin Cream”)

Anti-Pruritus Supplement (e.g., “Trisnake Itch Remove”)
Hair / Scalp Health Supplement (e.g., “Hairfinity”, “Nioxin”, “Nutrisol-RF”)

Hemorrhoid Relief Supplement

Keratolytic Supplement

	Sleep, Sedation, or Anxiolysis
	Chamomile Flowers

Gamma-Aminobutyric Acid (GABA) Supplement

Hydroxytryptophan

Ignatia Amara

Kava

Lithium Supplement

Melatonin
	Melatonin/Tryptophan 
Passion Flower 

Phenibut

St. John's Wort

Valerian

Anxiolytic Supplement (e.g., “Anxiclear”, “Nutri-Calm”, “Tension RX”)

Sleep Aid Supplement

	Weight Loss
	Chromium / Niacin

Chorionic Gonadotropin

Hoodia Gordonii 

Raspberry Ketone

Irvingia Gabonensis

Linoleic Acid 
	Diet Aid Supplement (e.g., “Hydroxycut”, “Stacker”, “Xenadrine”, “Slim Quick Diet Pills”)

Diuretic Supplement (e.g., “Mega-T”, “Water Pill”)

	Other Specified Products
	Acai Berry

Aconite

Agua Florida

Alfalfa

Alpha-Lipoic Acid

Amansa Guapo

Amino Acids

Arginine

Artemisia Absinthium

Astragalus

Bee Pollen

Bee Venom

Belladonna

Black Cohosh

Black Walnut

Bromelains

Calcarea Carbonica

Chlorine Dioxide

Chlorophyll

Cinchona Officinalis

Cinnamon

Cinnamon Oil

Cod Liver Oil

Cranberry

Dehydroepiandrosterone

Docosahexaenoic Acid (DHA)

Eupatorium / Mistletoe

Evening Primrose

Fisetin

Flaxseed

Garlic Oil

Ginger

Ginkgo

Glucina

Golden Seal

Green Tea

Guar Gum

Holy Basil

Horsetail

Hyoscine Hydrobromide

Kelp

L-Carnitine

Lecithin

Levocarnitine

Lomatium Dissectum

Melissa Leaves

Mustard

Oregano 

Pau D'Arco 
	Peppermint Oil

Pomegranate 

Progesterone 

Red Yeast Rice

Rhodiola

Rhus Toxicodendron

Royal Jelly

Saw Palmetto

Sea Buckthorn

Shiitake Mushroom

Snake Oil

Spirulina

Tyrosine

Uva Ursi 

Adrenal Supplement

Anti-Aging Supplement (e.g., ”LifePak”)

Bladder Cleansing Supplement (e.g., “Dr. Shuler’s Kidney-Bladder Detox Drops”)

Gastrointestinal Supplement (e.g., “Gripe Water”, “Pasteurella Pulsatilla Intestinal Formula”, “Estomaquil”)

Genitourinary Supplement (e.g., “Vagicare”, “Prostate Plus”)

Halitosis Treatment Supplement

Human Growth Hormone Supplement (e.g., “Symbiotropin”)

Iodine Supplement

Lactation Supplement (e.g., “Mother’s Lactation Tonic”)

Memory Enhancement Supplement

Menopause Relief Supplement (e.g., “Estrovan,” “Estrovert,” “Feminell”)

Menstrual Relief Supplement (e.g., “Vitex”)

Mood Enhancement Supplement (e.g., “Chinese Postpartum Herb”)

Herbal / Homeopathic Eye Drops 

Pectin 
Respiratory Supplement (e.g., “Olbas Oil”, “Broncholin”, “Homeopathic Sulphur Ear Drops”)

Snoring Aid Supplement (e.g., “Snore Stop”)

Teething Relief Supplement (e.g., “Teething Tablets”, “Hylands Teething”, “Humphreys Teething”)

Thyroid Supplement

Tinnitus Relief Supplement

Vision Health Supplement (e.g., “Vision Support”)

	Unspecified Products
	Systemic Herbs / Complementary Nutritionals Not Otherwise Specified (e.g., “Chinese Herbal Supplement”, “Chinese Tea Pills”, “GNC Dietary Supplement”, “Dietary Supplement”, “Herbal Med”, “Herbal Pill”, “Herbal Remedy”, “Herbal Vitamin”, “Homeopathic Med”, “Mexican Diet Supplement”, “Unknown Herbal Supplement”)

	Micronutrients

	Product Category
	Products†

	Calcium
	Calcium (with or without Vitamin D)


	Calcium Acetate, Carbonate, or Citrate (with or without Vitamin D)

	Iron
	Ascorbic Acid / Ferrous Sulfate

Docusate / Ferrous Fumarate
	Ferrous Gluconate or Sulfate

Iron

	Multivitamins / Unspecified Vitamins
	Amino Acids / Multivitamins

Calcium Carbonate / Magnesium Carbonate / Vitamin D 
Fluoride / Multivitamins

Iron / Multivitamins

L-Methylfolate / Methylcobalamin / Pyridoxal
	Multivitamins

Multivitamins / Minerals

Niacin / Pantothenic Acid / Pyridoxine / Riboflavin / Thiamine

Omega-3 Acid / Multivitamins

Vitamin A / Vitamin D

Vitamins Not Otherwise Specified

	Potassium
	Potassium
	Potassium Gluconate

	Single-ingredient Vitamins or Minerals Excluding Iron, Calcium, and Potassium
	Ascorbic Acid

Ascorbic Acid / Rose Hips

Biotin

Cholecalciferol

Chromium

Cyanocobalamin

Ergocalciferol

Magnesium

Magnesium Carbonate
	Magnesium Oxide

Phosphorus

Phytonadione

Pyridoxine

Sodium Fluoride

Thiamine

Vitamin A

Vitamin D

Vitamin E


* National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, CDC. 
† Brand names are shown only as examples of products documented in cases and are not intended to reflect all implicated products within each category. Products with a general category name (e.g., “Analgesic Supplement”, “Cough Cold Allergy Supplement”) were identified as supplements rather than over-the-counter or prescription pharmaceuticals based on information available from the case narrative.

Table S3. National Estimates of Emergency Department Visits for Dietary Supplement Adverse Events that Resulted in Hospitalization, by Patient Age—United States, 2004-2013*

	Age (years)
	Annual Estimate of Hospitalizations for Dietary Supplement Adverse Events
	Proportion of ED Visits Resulting in Hospitalization†

	
	No.
	%
	95% Confidence Interval

	≤4
	523‡
	10.5‡
	3.8 - 17.3

	5-10
	84‡
	12.0‡
	3.2 - 20.9

	11-19
	78‡
	4.2‡
	0.9 - 7.5

	20-34
	378
	5.9
	3.7 - 8.1

	35-49
	346
	9.9
	6.4 - 13.4

	50-64
	289
	10.8
	6.7 - 14.8

	≥65
	456
	16.0
	10.4 - 21.5


	Total
	2,154
	9.4
	6.7 - 12.0


* National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, CDC.
† Hospitalization includes hospital admission, observation status admission, or transfer to another acute care facility. The proportion of emergency department visits resulting in hospitalization is the ratio of hospitalizations to total emergency department visits for dietary supplement adverse events for each age group.

‡ National estimates may be unstable based on coefficient of variation >30% and for those aged 5-10 and 11-19, the total 10-year estimate for hospitalizations is also <1,200.
Table S4. National Estimates of Emergency Department Visits for Dietary Supplement Adverse Events, by Patient Age and Product Category—United States, 2004-2013*
	Age (years)
	Emergency Department Visits for 

Dietary Supplement Adverse Events

	
	Annual National Estimate†

	
	No.
	%
	95% Confidence Interval

	≤4

	Herbals/Complementary Nutritionals
	190
	32.7
	18.8 - 46.6

	Micronutrients
	390
	67.3
	53.4 - 81.2

	5-19

	Herbals/Complementary Nutritionals
	1,649
	80.3
	76.1 - 84.6

	Micronutrients
	404
	19.7
	15.4 - 23.9

	20-34

	Herbals/Complementary Nutritionals
	5,133
	81.3
	77.8 - 84.8

	Micronutrients
	1,181
	18.7
	15.2 - 22.2

	35-44

	Herbals/Complementary Nutritionals
	2,470
	72.4
	67.6 - 77.1

	Micronutrients
	942
	27.6
	22.9 - 32.4

	45-64

	Herbals/Complementary Nutritionals
	1,478
	56.8
	51.2 - 62.3

	Micronutrients
	1,125
	43.2
	37.7 - 48.8

	≥65

	Herbals/Complementary Nutritionals
	1,022
	37.3
	30.9 - 43.7

	Micronutrients
	1,717
	62.7
	56.3 - 69.1


* National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, CDC.
† Excludes unsupervised ingestions, and cases in which >1 supplement was implicated.

Table S5. National Estimates of Emergency Department Visits for Dietary Supplement Adverse Events Involving Weight Loss Products, by Patient Age—United States, 2004-2013*
	Age (years)
	Emergency Department Visits for 

Dietary Supplement Adverse Events

	
	Annual National Estimate†

	
	No.
	%
	95% Confidence Interval

	5-19

	Weight Loss Products
	659
	31.7
	24.2 - 39.3

	Other Products
	1,418
	68.3
	60.7 - 75.8

	20-34

	Weight Loss Products
	2,661
	41.4
	37.6 - 45.1

	Other Products
	3,772
	58.6
	54.9 - 62.4

	35-44

	Weight Loss Products
	963
	27.5
	23.1 - 31.8

	Other Products
	2,541
	72.5
	68.2 - 76.9

	45-64

	Weight Loss Products
	275
	10.2
	5.7 - 14.8

	Other Products
	2,408
	89.8
	85.2 - 94.3

	≥65

	Weight Loss Products
	‡
	NA
	NA

	Other Products
	2,800
	98.0
	96.4 - 99.7


* National Electronic Injury Surveillance System–Cooperative Adverse Drug Event Surveillance project, CDC.
† Excludes unsupervised ingestions, and cases in which >1 supplement was implicated.

‡ National estimate may be unstable based on coefficient of variation >30% and a total 10-year estimate <1,200.
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