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Abstract
Objective—To estimate the incidence of ADEs associated with health care visits among US
adults across all ambulatory settings.

Data Source—We analyzed data from two nationally representative probability sample surveys:
the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital and
Ambulatory Medical Care Survey (NHAMCS). From 2005–2007, the presence of an ADE was
specifically defined, requested and recorded in these surveys.

Study Design—Secondary data analysis.

Principal Findings—An estimated 13.5 million ADE-related visits occurred between 2005–
2007 (0.5% of all visits), the large majority (72%) occurring in outpatient practice settings, and the
remaining in emergency departments. Older patients (age ≥ 65 years) had the highest age-specific
ADE rate, 3.8 ADEs per 10,000 persons per year. In adjusted analyses of outpatient visits, there
was an increased odds of an ADE-related visit with increased medication burden (OR for 6–8
medications compared to no medications, (OR 3.83 (2.20, 6.65)), and increased odds of ADEs
associated with primary care visits compared to specialty visits (OR 2.22 (1.70, 2.89)).

Conclusions—Approximately 4.5 million ambulatory visits related to adverse drug events occur
each year, the majority of these in outpatient office practices. A greater focus on ADE prevention
and detection is warranted among patients receiving multiple medications in primary care
practices.

Keywords
Patient Safety; Adverse Drug Events; Chronic Illness

Corresponding Author: Urmimala Sarkar, MD, MPH, Department of Medicine, SFGH Division of General Internal Medicine,
University of California, San Francisco, Box 1364, 1001 Potrero, Bldg 10, 3rd floor, San Francisco, CA 94143-1364, USA, Phone:
(415) 206-4273; Fax: (415) 206-5586, usarkar@medsfgh.ucsf.edu.
Other Authors:
Andrea López, BS, Department of Medicine, SFGH Division of General Internal Medicine, University of California, San Francisco,
Box 1364, 1001 Potrero, Bldg 10, 3rd floor, San Francisco, CA 94143-1364, USA, Phone: (415) 206-6962, lopeza@medsfgh.ucsf.edu
Judith H. Maselli, MSPH, Box 1211, 3333 Calif. St, Laurel Heights 430, University of California, San Francisco, San Francisco, CA.
94143 - 1211, Phone: (415) 502-4068, jmaselli@medicine.ucsf.edu
Ralph Gonzales, MD, MSPH, Box 0320 - 435R, 3333 Calif. St, Laurel Heights 435R, University of California, San Francisco, San
Francisco, CA. 94143 – 0320, Phone: (415) 514-0569, ralphg@medicine.ucsf.edu

NIH Public Access
Author Manuscript
Health Serv Res. Author manuscript; available in PMC 2012 October 1.

Published in final edited form as:
Health Serv Res. 2011 October ; 46(5): 1517–1533. doi:10.1111/j.1475-6773.2011.01269.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Ensuring patient safety is a major public health challenge. According to the Institute of
Medicine (IOM), in the US, as many as 98,000 deaths per year are attributable to
preventable adverse events that occur in the hospital setting, with annual costs (lost income,
disability, and health care costs) of between $17 billion and $29 billion(Institute of Medicine
2000). Because the patient safety movement originated in and has focused on acute care
settings (Institute of Medicine 2000), less is known about safety outside the hospital
setting(Sarkar et al. 2009; Wachter 2006).

Adverse drug events (ADEs), defined as injuries resulting from a medication taken for
medical intervention, (Bates et al. 1995; Bourgeois et al. 2009; Gurwitz et al. 2003)
constitute an important aspect of patient safety. Not all ADEs are preventable or can be
considered medical errors; nevertheless, detection and prevention of ADEs is central to
improving safety. Several studies have reported high rates of ADEs among specific
populations, such as elderly patients(Gurwitz et al. 2003) and those with chronic diseases,
(Zhang et al. 2007) but important gaps in our current understanding of ambulatory ADEs
remain. Apart from studies focused exclusively on emergency departments (EDs), (Budnitz
et al. 2006; Budnitz et al. 2007) national population estimates for ADEs in the United States
are lacking.

Accordingly, we analyzed data from the National Center for Health Statistics (NCHS) to
describe the frequency and distribution of ambulatory ADEs among US adults, to estimate
age-specific rates for ADEs. In addition, we explored which medication classes are most
commonly reported in ADE visits, and whether demographic and clinical characteristics
were associated with ADE visits.

Methods
Data Sources

We employed 2005–2007 data from the NCHS, examining the National Ambulatory
Medical Care Survey (NAMCS) with the National Hospital and Ambulatory Medical Care
Survey (NHAMCS). NAMCS and NHAMCS data collection and process is carried out by
the United States Census Bureau. The NAMCS is an annual probability survey and is
designed to generate nationally representative estimates of nonfederal, office-based
physicians providing direct patient care in the 50 states or District of Columbia, excluding
radiologists, anesthesiologists, and pathologists. Similarly, the NHAMCS is also a nationally
representative, multi-stage probability-sample of outpatient visits hospital-affiliated
outpatient departments (OPD), and EDs. For NAMCS, the data collection is carried out by
physicians, who are randomly assigned to 1 of 52 weeks in a year and report information on
a systematic random sample of patients treated during that week. Census Bureau
representatives are on site to give instructions on how to complete each survey item. For
NHAMCS, hospital staff, in conjunction with Census Bureau representatives, conduct data
collection using similar systematic random sampling. NHAMCS has two versions, one for
the ED and one for the OPD. Details on the sampling and estimation process for both
surveys are available at NCHS’s website (http://www.cdc.gov/nchs/). For the ADE question
providers are instructed to Mark “Adverse effect of medical/surgical care or adverse effect
of medicinal drug if the visit was due to any type of injury, poisoning, or adverse effect of
medical treatment.” (Center for Disease Control) We applied techniques utilized by prior
studies to merge these data sets (Bourgeois et al. 2009; Burris, and Werler; Schappert, and
Rechtsteiner 2008). Visit-level data includes geographic region of Northeast, South,
Midwest, West; outpatient versus ED; and primary care vs. non-primary care visit (for
outpatient visits only). We defined primary care visits as those visits in which providers
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responded affirmatively to the item: “Are you the patient’s primary care provider?”. Patient-
level data includes socio-demographics (age, race/ethnicity, gender, insurance status); ≤ 3
reasons for visit and symptom manifestations (coded by NCHS classification); and
diagnoses (classified by ICD-9 codes). Up to 8 medications initiated or continued at the visit
(classified with Lexicon Plus®), and co-morbidity data are captured via the patient record
form for outpatient visits only. We restricted analysis to 2005–2007 because these survey
years included a specific question about adverse events. We further restricted our analysis to
adult visits (≥ 18 years) because pediatric ADEs have been previously described using these
data sources.(Bourgeois et al. 2009)

ADE Identification—The question “Is this visit related to: adverse effect of medical/
surgical care or adverse effect of medicinal drug?” was used to identify candidate ADE
visits. We believe surgical/procedural complications to arise from substantively different
causes and to require different approaches for prevention. Therefore, we chose to focus only
on adverse drug events. In order to accurately identify ADE-related visits, 2 physician-
reviewers (U.S., R.G.) reviewed the diagnostic and reason-for-visit (RFV) codes for all
candidate visits. Visits with the RFV code 5905.0, “adverse effect of medication,” which
includes allergy to medication, anaphylactic shock, and bad reaction to prescribed
medication, were included, as were ICD-9 codes 960–979 which include poisoning by
antibiotics, poisoning by sedatives and hypnotics, and poisoning by agents primarily
affecting the cardiovascular system as well as 995.2 unspecified adverse effect of
unspecified drug, medicinal and biological substance. We also selected previously used
ICD-9 codes (Bourgeois et al. 2009) 692.3 dermatitis due to drugs and medications in
contact with skin, 693.0, dermatitis due to drugs & medications taken internally, 292.1–
292.9 drug induced mental disorders, 708.0 allergic uticaria, 357.6 polyneuropathy due to
drugs, 995.0 other anaphylactic shock including allergic shock, anaphylactic reaction or due
to adverse effect of correct medicinal substance. In all cases, the reviewers agreed which
codes represented ADE visits and should be included. The resulting ADE visits constituted
our sample.

Analysis
First, we calculated national estimates of ADE visits using NCHS-provided probability
weights. To improve the reliability of the estimates we pooled the data across 2005–2007.
Second, to create age-specific annual ADE rates, we divided the 2005–2007 age-stratified
estimates of ADE visits by the US age-specific population counts extrapolated by the US
Census for 2005–2007(Population Division United States Census Bureau 2008). We were
unable to calculate the annual ADE rate for 18–24 year olds because 2005–2007 population
extrapolations were not available for this age group. Third, because the majority of events
occurred in outpatient settings rather than EDs, we explored possible associations between
visit characteristics and patient characteristics and the odds of an ADE visit compared to a
non-ADE visit. To identify possible risk factors for ADE visits, we conceptualized ADE risk
using a modified version of the Chronic Care Model(Wagner 1998), as previously
described(Sarkar et al. 2009). We expected that patient characteristics as well as provider
and health system characteristics would affect likelihood of ADEs and aimed to include all
available possible predictors. Therefore, we conducted a sequential multivariate analysis,
first adjusting for age, sex, race/ethnicity, insurance status, and geographic region (Base
Model), seeking to adjust for basic demographic and community factors. We then included
practice setting, comparing primary care visits to other visits, as this provides some insight
about the role of the health system. Next we added the presence of 1 or more co-morbidities
to the model, and finally we added number of medications continued and newly prescribed,
both of which suggest the clinical complexity of the individual (Full Model). Analyses were
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conducted with SAS version 9.2 (Cary, NC) and Sudaan, version 10.0 (Research Triangle,
NC).

Results
An estimated 13.5 million ADE-related visits occurred during 2005–2007, or approximately
4.5 million ADE visits per year. ADE visits constituted a significant proportion, 0.5%, of all
ambulatory visits. Most of these (9,741,031, 72%) occurred in outpatient practice settings
and 28% (3,783,643) in EDs. Among the outpatient visits, 60% occurred in primary care
visits (Table 1) and 40% in subspecialty practices.

As expected, population-based ADE rates increased with age. Adults aged 25–44 years old
had a rate of 1.3 per 10,000 persons per year, those 45–64 had a rate of 2.2 per 10,000 per
year; and those ≥ 65 years had the highest rate, at 3.8 ADEs per 10,000 persons per year
(Figure 1). For outpatient (non-ED) visits, the sequentially adjusted analyses did not reveal a
consistent relationship between age, gender, race/ethnicity, or geographic region and ADE
visits (Table 2). We did find that “other” race/ethnicity, representing a small proportion of
the population, were less likely to have ADE visits.

Insurance status remained associated with ADE visits even after complete adjustment. Those
lacking health insurance, described as “self-pay” or “charity care”, were significantly less
likely to have ADE visits compared to those with private insurance (OR 0.28. CI 0.14– 0.55,
independent of other factors such as age or number of medications. Similarly, those with
“other” insurance similarly experienced fewer ADE visits (OR 0.33, 95% CI 0.12–0.94).

The odds of an ADE visit was greater for primary care visits compared with specialty care
visits. The addition of a comorbidity variable to this model, was significantly associated
with ADE visits, but this association was primarily driven by medication number. In terms
of subsequent health care utilization, 9% of individuals with ADE visits were admitted to the
hospital and 22% of patients with ADE visits were scheduled for a follow-up provider visit.

Discussion
This is the first US study to utilize nationally-representative data to examine annual rates of
ADEs in the ambulatory setting. We estimate that approximately 4.5 million ambulatory
ADE visits occur each year, and that these visits are associated with approximately 400,000
hospitalizations annually. Among outpatient (non-emergency department) ADE visits, the
factor most strongly associated with ADE visits was the number of medications recorded for
the visit. Although this study cannot elucidate the mechanism by which medication burden
leads to ADE visits, we suspect there are multiple contributing causes, as prior regional
studies have suggested.(Woods et al. 2007) First, at the physiologic level, the use of multiple
prescription and over-the-counter medications(National Center for Health Statistics 2010)
increases the potential for drug-drug interactions and difficulties with self-
administration(Budnitz et al. 2007; Leendertse et al. 2008). Second, multiple studies have
documented the inadequacy of medication counseling in ambulatory medical visits and in
pharmacy settings (Cockburn, Reid, and Sanson-Fisher 1987; Makoul, Arntson, and
Schofield 1995; Richard, and Lussier 2006; Scherwitz et al. 1985; Stevenson et al. 2000;
Svarstad 1974; Tarn et al. 2006; Tarn et al. 2008), Future research explicitly examining
medication counseling and ADE risk are needed. Third, prior studies clearly demonstrate
that patients often cannot accurately interpret or carry out medication instructions, clearly
increasing potential for ADEs (Davis et al. 2006; Persell et al. 2007; Schillinger et al. 2006;
Wolf et al. 2007). In-depth, real-time investigation of ambulatory ADEs would shed light on
the relative contributions of these possible mechanisms.
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Clearly, not all ADEs are preventable. Indeed, a baseline number of ADEs are an expected,
and presumably acceptable, aspect of the risk-benefit equation in prescribing medications.
However, given the substantial number of ADEs recorded in this nationally-representative
sample of ambulatory health care visits, further work to determine the proportion of
preventable and ameliorable events must be a priority. This will require not only systematic
surveillance for ambulatory ADEs, but also investigation into underlying causes and
preventability. As health information-technology becomes more widespread in ambulatory
health care delivery,(Blumenthal) automated surveillance for ADEs (Gandhi et al. 2010) will
become more feasible, and should be a focus of future research and quality improvement.

Because prior studies have used different ADE detection methods, it is difficult to compare
their ADE rates to this visit-based data. However, Gurwitz’s study of older adults (Gurwitz
et al. 2000) used multiple detection methods including patient survey and chart review, and
uncovered a rate of 5% per year in those 65 and over, compared to our estimate of 3.8 per
10,000 persons per year. A similar study of adults receiving primary care found a rate of 27
per 100 patients (Gandhi et al. 2003), using a combination of patient survey and chart
review. The lower rates seen in this study are expected, because all ADEs would not be
expected to lead to visits. Moreover, it suggests that providers are not aware of all
ambulatory ADEs, as we have found in prior work (Sarkar et al. 2008; Sarkar et al.).

In terms of individual-level ADE risk factors, our data are consistent with prior studies in
the emergency department (Budnitz et al. 2006; Budnitz et al. 2007) and in studies of
medication reconciliation (Pippins et al. 2008), which suggest that the number of daily
medications is the most critical factor in risk of ADEs. The risks of poly-pharmacy have
been extensively described, including drug-drug and drug-disease interactions as well as
increasing errors in medication self-administration (Chutka et al. 1995; Colley, and Lucas
1993; Hanlon et al. 2001; Salazar, Poon, and Nair 2007).

In these data, the relationship of older age with ADE risk is complex. In consonance with
prior emergency department data(Budnitz et al. 2006), older adults experience the highest
rates of ADEs per population. However, the largest absolute number of ADE visits occurred
among 45–64 year olds, suggesting that ADEs are a clinical and public health concern
across the larger age spectrum. Moreover, our multivariate analysis of outpatient ADE visits
demonstrates that after adjustment for race/ethnicity, gender and insurance status, older age
is no longer significantly associated with ADE visits. Our sequential adjustment strategy
further revealed that after adjustment for co-morbidities and number of medications, the
effect of increasing age on ADE visits was further attenuated. While we may lack statistical
power to capture an age effect, it is clear from this data that ADE prevention strategies must
extend beyond geriatric populations to include a focus on medications and co-morbidities.

Surprisingly, ADEs were more likely to be reported in primary care visits, although we
expected that patients with multiple medications would be seeing sub-specialists and have
multiple prescribers. It is possible that ADEs were more likely to be uncovered and reported
by primary care providers than at sub-specialty visits with a narrower focus. An alternative
explanation would be that relative ease of access to primary care means that patients
experiencing ADEs are more likely to present acutely to their primary care providers than
subspecialists.

Among those of ‘other’ ethnicity, ADE visits were less likely. This finding is difficult to
interpret in this very small and likely heterogenous group. More detailed race/ethnicity
information within these national data sources, as well as more patient safety research
among diverse populations, could illuminate this issue. Similarly, the lower odds of ADE
visits among those lacking health insurance and those with ‘other’ insurance persisted even
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after adjustment for all patient and visit characteristics. Although the ‘other’ insurance
category is no doubt heterogenous, it is likely to represent under-insurance, including
catastrophic health insurance, as most public and private insurance types were separately
categorized. As such, we can infer that uninsured and under-insured patients, even when
chronically ill and taking multiple medications, may be less likely to seek medical care when
they experience ADEs because of costs and access constraints, particularly in non-
emergency department settings(McWilliams et al. 2007).

Several limitations of the study should be noted. First, we have only captured ADEs that led
to health care utilization; prior studies that surveyed patients would suggest that this
underestimates ambulatory ADEs(Gandhi et al. 2000; Gandhi et al. 2003; Gurwitz et al.
2003; Sarkar et al. 2008). Second, use of a large national survey, which has the strength of
allowing for reliable national estimates, contains limited data for each visit. From the
NAMCS/NHAMCS questionnaire, we cannot determine whether the ADE was the primary
reason for the visit, and they do not permit attribution of the ADE to a specific medication or
treatment. Moreover, the survey has limited medication information. A maximum of 8
medications can be included, and this likely underestimates the influence of poly-pharmacy
on ADE visits. Medications discontinued at the visits are also not captured. We recommend
that national surveys consider collecting more comprehensive ADE and medication
information to help to fully illuminate the factors involved. Third, in using these estimates to
calculate population rates for ADE visits, we cannot account for multiple ADE visits by the
same individuals. Finally, our multivariate model does not elucidate underlying causes of
ADE visits. Instead, we aimed to identify factors associated with ADE visits in order to
characterize those at increased risk, with the goal of devising and testing strategies to
prevent and ameliorate ambulatory ADEs. Despite these limitations, these are the first
available national estimates for the burden of ADEs in ambulatory health-care settings.

In this analysis, nearly one-third of ADE visits were associated with subsequent health care
utilization (compared to 15% of visits overall), with 9% associated with hospitalization. In
addition to the harm to patients, ambulatory ADEs are costly to the health care system. A
prior study used data from a single academic health care system to estimate that charges for
individuals experiencing ambulatory ADEs were $926 more than individual receiving
ambulatory care with no ADEs(Burton et al. 2007). The current data should better inform
national cost estimates, and certainly underscores the importance of preventing and
ameliorating ambulatory ADEs.

We found that ADEs confer a significant burden on ambulatory health systems, and suggest
that the consequences and costs of ADEs in ambulatory settings may be comparable to or
even greater than those in the inpatient and acute care setting, making ambulatory research
and safety promotion all the more pressing.
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Figure 1.
Estimated Annual Age-Specific Ambulatory ADE Rate
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