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Abstract

multiple administrative data sources.

treatment and hospital-based medical care.

Background: Despite concerns about its health and social consequences, little is known about the prevalence of
illicit opioid use in New York City. Individuals who misuse heroin and prescription opioids are known to bear a
disproportionate burden of morbidity and mortality. Service providers and public health authorities are challenged
to provide appropriate interventions in the absence of basic knowledge about the size and characteristics of this
population. While illicit drug users are underrepresented in population-based surveys, they may be identified in

Methods: We analyzed large datasets tracking hospital inpatient and emergency room admissions as well as drug
treatment and detoxification services utilization. These were applied in combination with findings from a large
general population survey and administrative records tracking prescriptions, drug overdose deaths, and correctional
health services, to estimate the prevalence of heroin and non-medical prescription opioid use among New York
City residents in 2006. These data were further applied to a descriptive analysis of opioid users entering drug

Results: These data sources identified 126,681 cases of opioid use among New York City residents in 2006. After
applying adjustment scenarios to account for potential overlap between data sources, we estimated over 92,000
individual opioid users. By contrast, just 21,600 opioid users initiated drug treatment in 2006. Opioid users
represented 4 % of all individuals hospitalized, and over 44,000 hospitalizations during the calendar year.
Conclusions: Our findings suggest that innovative approaches are needed to provide adequate services to this
sizeable population of opioid users. Given the observed high rates of hospital services utilization, greater integration
of drug services into medical settings could be one component of an effective approach to expanding both the
scope and reach of health interventions for this population.
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Background

While there is great concern about the impact of illicit
drug use in New York City, particularly use of heroin and
prescription opioids, since the 1970s there have been few
rigorous efforts to estimate its prevalence [1]. In recent
decades we have seen significant changes in the culture
and patterns of drug use, including greater availability of
potent prescription opioids and decreasing rates of
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intravenous drug use. What persists is the disproportion-
ate burden of morbidity and mortality borne by opioid
users, including chronic infectious diseases (hepatitis C,
HIV/AIDS) and premature death due to overdose and
accidents [2-7]. Service providers and government health
authorities are challenged to provide appropriate drug ser-
vices in the absence of basic knowledge about the size and
characteristics of their target population.

Three notable developments in recent years make this
an opportune time to revisit estimates of the prevalence of
opioid use. First, increasing rates of prescription opioid
misuse and related overdose deaths indicate a shift in drug
use patterns, demographics, and potential harms of use
[8-11]. Prescription opioid users may be poorly reached by
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traditional drug treatment services, although treatment
admissions in New York State do display a steady increase
from this group over the past 15years. Historically, re-
search on opioid use has largely focused on heroin-using
populations, with much less known about the treatment
needs and access to care issues experienced by prescrip-
tion opioid users [12].

A second event is the approval in 2002 of buprenor-
phine for treatment of opioid dependence, which offers
an exceptional opportunity for expansion of evidence-
based treatment. Buprenorphine can be prescribed by
physicians in general practice settings, and thus offers the
possibility of dramatically expanding access to treatment,
but is not currently being employed to its fullest poten-
tial [13,14]. A related third event is a newly increased
emphasis on integrating addiction treatment into non-
specialty medical settings such as primary care clinics.
This is exemplified in the current strategic plan issued by
the federal Office of National Drug Control Policy, which
emphasizes early identification of substance use disorders
and expansion of treatment through mainstream health-
care settings [15].

Population surveys, primarily the National Survey on
Drug Use and Health (NSDUH), are relied upon to assess
the prevalence of illicit drug use, but are believed to se-
verely underestimate ‘hardcore’ drug use, including heroin
and injection drug use [16,17]. The survey does not in-
clude individuals who are incarcerated, institutionalized,
or street homeless; all populations with disproportionately
high prevalence of drug use [18]. It may also underesti-
mate drug use among those who do participate, due to
underreporting of stigmatized and illicit behavior by
respondents, despite efforts to counteract this with recent
changes in survey methodology [19]. As a result of these
constraints, the NSDUH is limited in its ability to inform
intelligent program design for opioid users.

Other data collected for administrative purposes and
public health surveillance contains information on the
health, demographic, and geographic characteristics of
opioid users, and captures populations excluded from
the NSDUH sample. While no single data source pro-
vides a comprehensive picture of illicit opioid use, each
provides information on a subset of users who have
developed social, psychological or physical problems as a
consequence of their use. Yet these data sources have
not previously been systematically applied to characterize
the prevalence of opioid use. We analyzed these data
with a goal of informing potential changes in drug ser-
vices that could accommodate those left out of the
current treatment system.

Methods
This descriptive analysis of the prevalence of opioid use
in New York City utilizes multiple data sources,
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including administrative datasets recording hospital in-
patient and emergency room admissions, treatment and
detoxification services utilization, prescription records,
overdose deaths, and correctional health statistics, as
well as survey data from the NSDUH. Using data from
the most recent year (2006) for which complete data
were available for all sources, we analyzed these datasets
in combination to characterize the population of opioid
users who would be candidates for drug services. We
then compared them to the population entering drug
treatment programs to estimate the extent of the un-
treated opioid user population.

Definition of opioid use/users Opioid users are defined
as individuals using heroin or misusing prescription
opioids (taking prescription opioid medications outside
of a physician’s care or other than as prescribed). Opioid
use is potentially, but not necessarily, concurrent with
the clinical diagnoses of opioid abuse or dependence.
While not all datasets allow a rigorous classification of
abuse or dependence, opioid users are identified in the
data by virtue of the health or treatment consequences
of their opioid abuse, dependence, or poisoning, and are
thus all potential candidates for drug services [20,21].

Case definition Cases were limited to unique indivi-
duals because our goal was to identify the size and char-
acteristics of the opioid user population rather than
service utilization. Cases were additionally limited to
residents of the five counties of New York City. Specific
definitions for identifying cases of opioid use varied by
dataset, and are described in Table 1.

Description of the datasets Datasets containing detailed
information on characteristics of the study population
were classified as ‘primary.” Those providing only general
information about the population of interest (i.e. fre-
quency of cases) were classified as ‘supplemental’ datasets.

Primary datasets

Statewide Planning and Research Cooperative System
(SPARCS) is an administrative reporting system of the
New York State Department of Health (NYS DOH) that
comprehensively records all hospital inpatient and out-
patient visits to New York State hospitals [22]. Access to
SPARCS data used in the current analysis was provided
by the NYS DOH. The inpatient data records hospital
discharges, while the outpatient data records emergency
department (ED) and ambulatory surgery admissions.
SPARCS data provides patient-level detail on demo-
graphic characteristics; medical procedures and princi-
pal, secondary and admitting diagnoses as classified by
International Classification of Infectious Diseases, 9™ re-
vision (ICD-9) diagnostic codes; services received; and



Table 1 Description of Datasets and Case Definitions

Dataset Source Population Type Captured Information Collected Case Definition Year
PRIMARY DATASETS
Statewide Planning and New York State Dept. of 1. Individuals discharged - Demographic - Age > 18years 2006

Research
Cooperative
System
(SPARCS)

Client Data
System (CDS)

SUPPLEMENTAL DATASETS

National Survey on Drug Use

and Health (NSDUH)

Health

New York State Dept. of
Health, Office of Alcohol and
Substance Abuse Services

U.S. Department of Health and
Human Services,

Substance Abuse and

Mental Health Services

from hospital (inpatient
dataset)

2. Individuals admitted to
emergency room
(outpatient dataset)

1. Individuals admitted to
inpatient medical
detoxification (crisis
admissions)

2. Individuals admitted to
New York State licensed
drug treatment programs,
including methadone
maintenance

General civilian population
- Excludes institutionalized
persons

- Includes residents of

characteristics

- Zip code of residence

- Procedures and principal,
secondary and admitting
diagnoses, classified by
ICD-9 codes'

- Services received

- Charges for treatment

- Demographic characteristics

- Zip code of residence-

- Substance use behaviors, based on
client self-report (includes current
drugs of abuse, frequency of use
and mode of administration)

- No individual identifying
information

- Region of residence

. Substance use behaviors,

- Zip code of residence within
New York City

- Hospital located in New York
City

- Opioid use as principal or
secondary diagnosis, based on
ICD-9 codes"

- Unique individual, identified
by SPARCS unique

identifier + date of birth + sex

- No detoxification or
rehabilitation admissions

- Age > 18 years 2006
- Zip code of residence

within New York City

. Opioid drug" reported as drug

of abuse (primary, secondary,

or tertiary drug) in at least

one admission

- Unique individual, identified by
unique identifier constructed from
sex + date of birth + last four digits
of social security number + first two
characters of last name

- First admission of calendar year

- Age > 12 years
- Surveyed in New York City (avg)"
(New York Substate Region A)"
- Opioid abuse or dependence,

2005-2006
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Administration noninstitutional group quarters

(e.g. shelters, rooming houses)

based on self-report
(includes substances used;
lifetime, past year and current
drug use;

frequency and severity of use)

classified using DSM-IV criteria as per
standard NSDUH methodology”

Correctional Health Services Correctional Health Services, Jail inmates - Number of inmates receiving - Age > 18 years 2006
program statistics New York City Dept. of Health - Serving sentence methadone for opioid - In New York City jail facility providing
and Mental Hygiene of one year dependence (detoxification or methadone for opioid dependence""
or less, or maintenance treatment) - Receiving methadone for detoxification

- Detainee facing potential or maintenance treatment

sentence of one year or less
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Table 1 Description of Datasets and Case Definitions (Continued)

Vital Statistics Bureau of Vital Statistics, Drug overdose decedents - Unintentional drug overdose deaths, - All ages 2006
and Bureau of Alcohol and Drug based on Medical Examiner records™ . Death occurred in NYC
Use Prevention, Care and - Unintentional drug overdose deaths
Treatment of New York City Dept. as defined by NYC DOHMH, based on
of Health and Mental Hygiene manner of death and underlying cause
of death recorded on death certificates
Medication prescription New York City Dept. of Health Individuals initiating - Number of buprenorphine - Adults and adolescents 2006
records and Mental Hygiene buprenorphine treatment prescriptions filled each month - Filled at least one prescription
at NYC pharmacies for buprenorphine.
- Number of buprenorphine No buprenorphine prescription
prescriptions filled by individuals filled in NYC during prior 3years

who had no buprenorphine
prescription in NYC during prior
3years

iInternational Classification of Infectious Disease, 9™ revision (ICD-9).
CD-9 codes specifying opioid misuse:

304.0 Opioid dependence

304.7 Combination opioid and any other drug dependence

305.5 Opioid abuse

965.0 Poisoning by opioids and related narcotics

E850.0 Accidental poisoning by heroin

E850.1 Accidental poisoning by methadone

E850.2 Accidental poisoning by opiates NEC

E935.0 Adverse effects in therapeutic use - heroin
il Opioids defined as 1) heroin or 2) prescription opioids: OxyContin, buprenorphine, non-prescribed methadone, or other opiate/synthetic.
¥ Substate-level data on opioid use is not published, but was obtained for New York City (NSDUH region A) from the Substance Abuse and Mental Health Services Administration (SAMHSA) for the purposes of this
study.
Y The National Survey on Drug Use and Health (NSDUH) includes a series of questions to assess the prevalence of substance use disorders (i.e., dependence on or abuse of a substance) in the past 12 months. These
questions are used to classify persons as dependent on or abusing specific substances based on criteria specified in the Diagnostic and Statistical Manual of Mental Disorders, 4th edition (DSM-IV) (American Psychiatric
Association [APA], 1994). [http://www.oas.samhsa.gov/NSDUH/2k9NSDUH/2k9Results.htm#Ch7].
Vi Averages for calendar years 2005-2006 reported.
Vil Includes all non-hospital facilities of the New York City Department of Corrections providing methadone for detoxification or maintenance treatment: Eric M. Taylor Center, Anna M. Kross Center, Rose M. Singer
Center.
Vil The DOHMH Bureau of Alcohol and Drug Use Prevention, Care and Treatment conducted an additional in-depth review of Medical Examiner records to define in further detail the substances involved and

circumstances of overdose death. This data was previously reported (NYC DOHMH Vital Signs, February, 2010); only data from calendar year 2006 data was included in our analysis. Paone D, Heller D, Olson C, Kerker B.

lllicit Drug Use in New York City. NYC Vital Signs. 2010;9(1):1-4. [http://www.nyc.gov/html/doh/downloads/pdf/survey/survey-2009drugod.pdf].
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charges for each treatment episode. Cases included in
our analysis were drawn from the hospital discharge and
ED admissions data. The ICD-9 diagnostic codes used to
define ‘opioid use’ cases are listed in Table 1.

Client Data System (CDS) is an administrative data set
of the New York State Office of Alcoholism and Sub-
stance Abuse Services (OASAS) of the NYS DOH, which
provided the data for this study. The CDS tracks all
admissions to licensed providers of medical detoxifica-
tion and substance abuse treatment services, and records
patient-level demographics and provides detailed infor-
mation about recent substance use behaviors. Data is
collected from each patient at the time of admission,
and all information is based on client self-report. Cases
were drawn from both the detoxification and substance
abuse treatment program datasets, and limited to indivi-
duals reporting one or more opioids as a primary, sec-
ondary or tertiary drug of abuse. We did not distinguish
between individuals who entered drug treatment volun-
tarily and those who were mandated to treatment by the
criminal justice system through alternative to incarcer-
ation and similar programs.

Supplemental datasets

National Survey on Drug Use and Health (NSDUH) is an
annual household survey conducted by the U.S. Depart-
ment of Health and Human Services, Substance Abuse
and Mental Health Services Administration (SAMHSA).
It is the primary source of information on the prevalence
and patterns of substance use in the general population,
age 12 and older [23]. Information collected includes
patterns and severity of lifetime, past year and current
drug use. Population prevalence is estimated from the
survey sample using established NSDUH methodology
[24]. Substate-level data on opioid use is not published,
but was obtained from SAMHSA for New York City
(NSDUH region A) by the NYC DOHMH (Bureau of
Alcohol and Drug Use Prevention, Care and Treatment),
which provided the data for this analysis. Cases included
were limited to individuals classified as having abuse or
dependence on heroin or prescription opioids.

The Bureau of Correctional Health Services in the
NYC Department of Health and Mental Hygiene (NYC
DOHMH) records on-site health services received by
New York City jail inmates, including the number re-
ceiving methadone for detoxification or maintenance
treatment of opioid dependence during the period of in-
carceration. Jail rather than prison inmates are included
in this analysis because of their shorter length of stay.
With an average length of stay of just 37 days [25], most
of these inmates are expected to rejoin the community
within the calendar year, thus adding to the population
of New York City opioid users eligible for drug services.
Data used in this study were provided by Correctional
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Health Services and do not allow identification of unique
individuals.

The Bureau of Vital Statistics in the NYC DOHMH
maintains records of unintentional drug overdose deaths.
The Bureau of Alcohol and Drug Use Prevention, Care
and Treatment conducted an additional review of Med-
ical Examiner records for these cases to detail the sub-
stances involved and circumstances of overdose death.
These publicly available overdose data were used in our
analysis [6].

Prescription records are collected by the NYS DOH for
all controlled substances prescribed and dispensed in
New York State, including buprenorphine. Oral bupre-
norphine is indicated exclusively for treatment of opioid
dependence, and may be prescribed by qualified physi-
cians for maintenance or detoxification treatment. Data
is collected on the total number of buprenorphine pre-
scriptions filled, as well as the number of individuals fill-
ing a buprenorphine prescription for the first time. Data
on buprenorphine prescriptions dispensed in New York
City is regularly provided to the NYC DOHMH, Bureau
of Alcohol and Drug Use Prevention, Care and Treat-
ment, and the Bureau Assistant Commissioner (author
DH) provided summary statistics for the current ana-
lysis. Buprenorphine treatment entrants were defined as
those individuals filling a buprenorphine prescription in
2006 who did not fill a buprenorphine prescription
within New York City in the prior three years.

Notably, we did not use data from the Drug Abuse
Warning Network (DAWN). DAWN is a federal surveil-
lance system tracking substance use-related ED visits
based on chart reviews rather than ICD-9 codes, and is
often applied to assessments of the health burden of illicit
drug use at the local and national level [26]. We chose to
use SPARCS instead of DAWN to track emergency de-
partment admissions in our analysis because DAWN data
reflects a rate projection based on a sample of patient vis-
its rather than an inclusive count of all ED admissions.

Analysis

Three subpopulations of opioid users were defined. The
general population (G) refers to opioid users identified
through population health and criminal justice data.
Drug services entrants (D) are those entering inpatient
detoxification or drug treatment programs, or filling
their first buprenorphine prescription. Medical services
recipients (M) are those identified in the SPARCS data-
sets from inpatient hospitalizations (based on hospital
discharge data) or emergency room admissions.

Estimation of subpopulations

We calculated the number of opioid users identified
within each dataset according to the case definitions
specified in Table 1. Within the primary datasets, cases
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were limited to unique individuals. In the SPARCS data,
this was accomplished by creating a unique identifier
based on SPARCS UPID, (an anonymous identifier pro-
vided in the datasets), in combination with date of birth
and sex. In the CDS data, individuals were identified
using a unique identifier constructed from sex, date of
birth, last four digits of social security number, and first
two characters of last name. To eliminate duplication,
cases were further restricted to the first admission of the
calendar year for each individual, both within and be-
tween the detoxification and substance abuse treatment
program datasets. In the supplemental datasets, NSDUH
methodology provided prevalence estimates [24]. Over-
dose deaths are unique by definition. The number of
individuals receiving buprenorphine is tracked by the
NYS DOH utilizing identifying information included on
each filled prescription. We were not able to limit the
correctional health services data to unique individuals.

The total number of individual opioid users captured
in each subpopulation was then estimated. While we
were able to limit cases within most datasets to unique
individuals, we were not able to track individuals be-
tween the various data sources. This introduced the pos-
sibility of over-counting individuals who appeared in
more than one data source. For example, an individual
who had both an emergency room visit for medical rea-
sons and a drug treatment program admission in 2006
may have been counted twice in our analysis, because
one admission would be captured in the SPARCS data,
and the other in the CDS. To account for this we incor-
porated ‘expansive’ and ‘restrictive’ estimates of the
population size, and examined varying degrees of overlap
between the datasets defining our subpopulations.

In estimating the ‘general population’ (G) of opioid
users, the expansive estimate assumed no overlap be-
tween NSDUH and the corrections population or over-
dose decedents. The most restrictive estimate assumed
that individuals identified through corrections or over-
dose deaths were already accounted for by the NSDUH
sampling strategy and estimation method, even though
corrections populations are not surveyed directly. In the
‘drug services population’ (D), the CDS dataset identified
unique individuals admitted to either drug treatment or
medical detoxification services. The only potential dupli-
cation of drug services recipients would thus be through
double counting of those who received a prescription for
buprenorphine in addition to detoxification or drug
treatment services. Therefore, the more expansive esti-
mate assumed that individuals initiating buprenorphine
treatment and those entering detoxification or drug
treatment services were distinct, whereas the more re-
strictive estimate assumed that buprenorphine recipients
were already counted among the drug treatment
admissions.
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For the ‘medical services’ (M) population, any indivi-
duals who were hospitalized for drug detoxification or re-
habilitation =~ procedure(s)  were identified using
International Classification of Infectious Diseases, 9™ revi-
sion (ICD-9) diagnostic codes (ICD-9 codes 9461-9).
These cases were removed from the analysis of the med-
ical services population, because detoxification and re-
habilitation admissions are comprehensively recorded in
the CDS data. This step eliminated duplication of indivi-
duals appearing in both the CDS and SPARCS datasets.
Unique individuals were identified within and across the
SPARCS inpatient and outpatient data using our unique
identifier.

Estimation of the total opioid user population
Adding the combined totals from each subpopulation
provided an expansive and a restrictive unadjusted esti-
mate of the opioid user population. However, combining
these subpopulations introduced further potential for
duplication of individuals who may appear in more than
one group. To account for this, we examined two sce-
narios describing degrees of overlap between our gen-
eral, medical services, and drug services subpopulations.
The expansive estimate assumed that there was no
overlap between subpopulations. While some opioid
users likely appear in more than one subpopulation, this
approach may compensate for the fact that opioid users
are a hidden population that is likely to be undercounted
in all datasets [27,28]. The restrictive estimate assumed
that the general population estimate accurately identifies
all opioid users, thus eliminating the need to additionally
include those individuals presenting for medical and
drug services. The midpoint between the expansive and
restrictive estimates was considered our best estimate of
the total opioid user population.

Estimation of treatment entrants

We identified two subpopulations to formulate an esti-
mate of the number of opioid users entering drug treat-
ment in 2006. The first subpopulation came from the
CDS data, which identifies those individuals citing opi-
oid(s) as a primary, secondary, or tertiary drug of abuse
upon entry to a treatment program. In this analysis of
drug treatment entrants, individuals admitted for detoxi-
fication only were excluded, unless they also entered a
treatment program in 2006. The second subpopulation
was identified through buprenorphine prescription
records. To account for potential double-counting of
individuals receiving buprenorphine who may have also
attended a drug treatment program, we calculated both
expansive and restrictive estimates of the number of
treatment entrants. The midpoint of the expansive and
restrictive estimates was used as our estimate of the total
number of treatment entrants.
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Description of opioid users entering drug services and
hospital-based medical services

After applying the specified case definitions to restrict
the dataset to individual opioid users, we used descrip-
tive statistics to examine the demographic and geo-
graphic characteristics of cases identified in the CDS
(drug services) and SPARCS (hospital-based medical ser-
vices) data. County of residence was identified by the
individual's home zip code. The drug services data
included individuals admitted to drug treatment, detoxi-
fication services, or both during 2006. The hospital ser-
vices data was divided into emergency room (ER) and
inpatient admissions. In this descriptive analysis, opioid
users who had hospitalizations for detoxification or re-
habilitation were included in the hospital inpatient data,
(along with those hospitalized for medical reasons), in
order to provide a more comprehensive picture of the
opioid user population accessing hospital-based acute
medical care. This is in contrast to the prevalence esti-
mations, in which individuals admitted for detoxification
or rehabilitation were excluded from the SPARCS data
to avoid duplication.

Results

These data sources identified 126,681 cases of opioid use
among New York City residents in 2006 (Table 2). Based
on our case definitions, all of these opioid users have
attributes consistent with opioid abuse, dependence, or
poisoning, and would thus qualify for services to address
their substance use [20,21].

Table 2 Opioid user subpopulations: New York City, 2006
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Opioid users were categorized into three subpopula-
tions, of which the general population (G) was the lar-
gest, with a midpoint estimate of 69,463 individuals. The
majority were identified from the NSDUH survey. The
607 unintentional opioid poisoning overdose decedents
represented 0.9 % of this subpopulation. Entrants to drug
services (D) were the second largest subpopulation, with
an estimated 28,378 individuals. Ten percent (2,880) of
this group received a prescription for buprenorphine.
Medical service recipients (M) were the smallest of our
three subpopulations, but still represented an estimated
17,618 opioid users.

Adding the midpoint estimations for our three subpo-
pulations produced an expansive estimate of 115,459
opioid users (Figurel). The restrictive estimate, which
assumed that all opioid users were represented in the
general population estimate, lowered the estimation to
69,463. An estimated 21,600 entered drug treatment, ei-
ther by enrolling in a substance abuse treatment pro-
gram or initiating treatment with buprenorphine.

Characteristics of opioid users identified in the drug
services versus hospital-based medical services data are
shown in Table3. Opioid users had a mean age of
40 years or greater, with hospital inpatients being consid-
erably older. The majority were male, though there was
greater representation of females in the hospitalized
population than in drug treatment programs. The Bronx
was the county with both the greatest number and pro-
portion of opioid users. Bronx residents were also well
represented in the drug services population, with a rate
of 814 admissions per 100,000 adults.

Subpopulation Dataset Opioid Subpopulation Subpopulation Midpoint
misusers (N) estimation definitions estimates (N) estimate (N)

General Population (G) Expansive=Geg=a+b+c Ge=79,245 69,463
Restrictive = Gp = =

a. Household survey NSDUH 59,680 estrictive =Gg =2 Gr=59,680

b. NYC jail inmates Correctional Health 18,958

receiving methadone Services

c¢. Overdose deaths Vital Statistics 607

involving opioids

Drug Services (D) Expansive=Dg=d+e Dg=29.818 28,378

d. Detox and drug DS 26938 Restrictive =Dp=d Dr=26938

treatment programs

e. Buprenorphine Prescription records 2,880

Medical Services (M) Total=M=f+g-h M=17618 17618

f. Hospital inpatient’ SPARCS 11,058

g. Emergency room SPARCS 7,856

h. Both inpatient and SPARCS (—)1,296

emergency admissions"

UNADJUSTED TOTALS (T) 126,681 Expansive=Tg=Gg+Dg+ M Te=126,681 115459
Restrictive=Tr=Gg+ D+ M Tr=104,236

f_lndividuals hospitalized for medical reasons only; excludes those hospitalized only for drug/alcohol detoxification or rehabilitation.
" Individuals having both a medical hospitalization and an emergency room admission for an opioid-related diagnosis in calendar year 2006.
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120,000

Expansive Estimate

115, 459 110,000

100,000
90,000

80,000

Restrictive Estimate

70,000
69,463 —

60,000
50,000
40,000
30,000
20,000

10,000

Total Opioid Users

Opioid Users Entering

Midpoint Estimate
92,461

Expansive Estimate

Drug Treatment

23,040 —m -

Restrictive Estimate
20,160

Midpoint Estimate
21,600

Opioid user subpopulations: midpoint estimates

| Medical Services (M) = 17,618

| | Buprenorphine Prescriptions (B) = 2,880 |

| Drug Services (D) = 28,378

| | Drug Treatment Programs (P) = 20,160 |

| General Population (G) = 69,463

Figure 1 Estimation of total opioid users compared to opioid users entering drug treatment.

We found that opioid users had high rates of acute care
hospital utilization. Overall, they represented 4.1 % of all
individuals hospitalized and 0.7 % of all individuals admit-
ted to the emergency room in 2006. In total, opioid users
had 44,154 hospitalizations, 20,959 (47 %) of which were
for medical reasons (i.e. not for detoxification or rehabili-
tation). They incurred an additional 10,053 emergency
room visits that did not result in hospitalization (data not
shown).

Discussion
Our analysis sought to provide a rigorous estimation of
the opioid user population by grounding prevalence esti-
mates in a range of datasets that are not often applied to
this question. Although even this diversified approach
may not capture the full scope of opioid use, it does
allow construction of a more comprehensive picture of
opioid users in New York City, including prevalence,
service utilization, and demographic characteristics.
There is clearly a need for expanded drug services for
opioid users in New York City. Even using our most re-
strictive estimations, there were over 69,000 opioid users
residing in New York City in 2006. While over 21,000
individual opioid users did initiate treatment, this repre-
sents a small fraction of the identified opioid user popu-
lation. Moreover, because close to half of treatment
admissions are mandated each year in New York City,
including one-third by criminal justice authorities (i.e.
courts, probation, parole), one can assume a consider-
able portion of this fraction did not initiate treatment
voluntarily.

The current drug treatment system alone cannot be
relied upon to accommodate the needs of this popula-
tion. Though maintenance treatment with an opioid
agonist medication, (methadone or buprenorphine), is
the best evidence-based treatment strategy for opioid de-
pendence [29], not all of the opioid users identified here
would necessarily qualify for, or accept, medication
assisted treatment. Furthermore, accommodating these
individuals within the existing substance abuse treat-
ment system would involve doubling the capacity of
New York City opiate agonist treatment programs,
which currently serve approximately 37,500 patients
[14]. Buprenorphine treatment in general medical set-
tings provides an alternative means of treatment expan-
sion, but slow uptake among physicians has thus far
limited its reach.

While many opioid users would undoubtedly benefit
from traditional drug treatment services, the availability
of treatment slots is not the only barrier to engaging
them in effective evidence-based care. Although these
data sources largely capture the negative sequelae of opi-
oid use (health problems, incarceration) that are more
prominent among those with active substance use disor-
ders, even non-dependent and early-stage users are vul-
nerable to drug-related problems, and may also have
been identified here. Similarly, these data may include
opioid users that were already enrolled in drug treat-
ment, but nonetheless experienced problems related to
drug use. Some opioid users could be served by less in-
tensive treatment interventions, such as brief interven-
tions or pharmacotherapy, provided in healthcare or



Table 3 Characteristics of adult opioid users admitted to drug and medical services: NYC, 2006

Characteristic

Drug Services Entrants (CDS)

Emergency Room Admissions (SPARCS)

Hospital Inpatient Discharges (SPARCS)

Total

Age (years)
Mean
SD
Median
Range

Sex
Male

Female

County of
Residence

New York

Queens

Kings

Bronx

Richmond

Opioid
users®
N (%)

26,938
(100.0)

41
95
40
18-76+

20,281
(753)
6,657
(24.7)

6917
(257)
3,607
(134)
7,085
(263)
8,172
(303)
1,157
4.3)

Total
individuals
enterin% drug
services

N (%)

80,768
(100.0)

40
110
40
18-76+

61,065
(75.6)
19,703
(24.4)

21,501
(26.6)
13,328
(16.5)
21,288
(26.4)
20,500
(25.4)
4,151
(5.1

Opioid users in
drug services
population®
(%)

334

332

338

322

27.1

333

399

279

Opioid users in
NYC(county)
population®
(Rate/100,000)

429

323

106

517

206

382

841

319

Opioid
users®
N (%)

7,856
(100.0)

41
10.1

41
18-116

5,649
(71.9)
2,207
(28.1)

2,068
(263)
795

(10.1)
2,253
(287)
2,548
(324)
192

(2.4)

Total

individuals

admitted to
ERN (%)

1,129,68
(100.0)

42
173
39
18-124

484,228
(42.9)
645,353
(57.1)

222,181
(19.7)
246,088
(21.8)
333,495
(29.5)
268,925
(23.8)
58919
(5.2)

Opioid
users in ER
population
(%)

0.70

1.17

0.34

093

0.32

0.68

0.95

0.33

Opioid users

in NYC(county)
population®
(Rate/100,000)

125

90

35

155

45

121

262

53

Opioid
users®
N (%)

24,924
(100.0)

106

18-99

17,502
(70.2)
7422
(29.8)

Total
individuals
admitted to
hospital®

N (%)

615,663
(100.0)

52
209

51
18-116

233,786
(38.0)

(62.0)

122,459
(19.9)
145,271
(23.6)
190,454
(30.9)
121,770
(19.8)
35,709
(58)

Opioid users
in hospital
population®
(%)

4.05

748

1.94

211

344

6.53

2.58

Opioid users

in NYC(county)
population®
(Rate/100,000)

397

279

118

482

175

353

819

254

? Unique individuals; persons younger than 18 years are excluded.

® Includes individuals who had admissions for detoxification or rehabilitation procedures.
€ Total NYC and county population measures represent the 5 NYC boroughs for ages 18 and older, 2006. Downloaded August 16, 2010 from NYC.gov epiquery function:
https://a816-healthpsi.nyc.gov/epiquery/EpiQuery/Census/index2001.html.
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community settings that are not traditionally considered
part of the drug treatment system [30,31]. Many would
benefit from harm reduction approaches to prevent the
negative consequences of opioid use. A greater diversity,
as well as a greater number, of treatment providers would
thus be needed to deliver care to the full range of opioid
users identified here. Public health authorities could
apply this data to assess and orient the structural config-
uration of existing treatment services, and to expand en-
gagement, access points, service types and modalities,
and venues to better reach the sizeable under-served opi-
oid user population.

Our approach does have a number of limitations. Most
notably, we were unable to match individual opioid users
across data sources. Capture-recapture analysis, which re-
lies on identifying unique individuals across multiple data-
sets, can potentially improve the accuracy of prevalence
estimation, and has been applied in municipalities outside
the US to estimate populations of illicit drug users [32-
35]. We chose not to use this approach because accessing
fully identified individual-level data from multiple data
sources was not feasible at the time of this analysis. Simi-
larly, although it would be desirable to perform a validity
check of the final estimates using an alternate method, this
was beyond the scope of the present study. However, our
findings do have face validity in light of prior estimates of
the New York City opioid user population [1,13].

Our estimation of the medical services population re-
lied on hospital data from inpatient and emergency
room presentations, and did not capture individuals who
utilized only ambulatory care services. Analysis of insur-
ance claims data could contribute that information, but
was not accessible for this analysis. Our data also fail to
capture services provided within the Veteran’s Adminis-
tration (VA) system.

There are several limitations inherent to the datasets
themselves. Substance use is often not identified in med-
ical settings [36-39] and substance use and other mental
health diagnoses are poorly captured by medical admin-
istrative data [40-44]. Additionally, none of the datasets
that rely on service utilization (drug treatment, detoxifi-
cation, or hospital inpatient services) capture those with
less problematic opioid use, who have not experienced
the health and social sequelae of addiction that often
drive users to seek care. As a result, we relied on the
NSDUH for the general population estimation of opioid
use, despite its known limitations [16,17]. Finally, our
analysis is restricted to a single year-long period (2006),
and thus does not capture trends in opioid use over
time. This may be a particularly significant limitation
with respect to prescription opioid use, which has been
rising rapidly nationwide [9-11].

Despite these limitations, our study contributes to the
understanding of the prevalence of opioid use in New
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York City by rigorously defining the dimensions and
characteristics of the opioid user population. More
sophisticated epidemiologic analyses of these multiple
datasets, including capture-recapture and multiplier
methods, could provide a more accurate estimate of the
hidden population of opioid users who do not appear in
any existing data sources. Our goal here was to take a
first step toward that end by defining the number and
range of individuals who met our case definition of
problematic opioid use in health-related datasets.

Conclusion

The health and social impact of opioid use is well
recognized, but drug services have yet to adapt and ex-
pand to meet the needs of New York City’s sizeable out
of treatment opioid user population. By providing a
more comprehensive view of the opioid user popula-
tion, our analysis could inform policy changes at the
municipal and state level that would foster a broader
spectrum of services for opioid users, and greater diver-
sity of settings in which drug services are provided.

Efforts to reach this population could include provision
of treatment and early intervention outside of specialized
drug treatment programs, through greater involvement
of the mainstream health care system. Though a minority
of opioid users entered drug treatment in 2006, our ana-
lysis reveals that their contact with other aspects of the
health system is routine. Many are utilizing hospital-
based care, and many more are likely seen in ambulatory
care settings, visits to which were not captured here.
This presents an opportunity to expand both the scope
and reach of drug services. Office-based treatment with
buprenorphine, for example, offers the opportunity to
reach individuals who do not typically seek care at sub-
stance abuse treatment programs. Greater adoption of
screening and brief intervention (SBI) models is another
potential avenue for expanding services to the large sub-
stance using population that is not actively seeking drug
treatment.

These changes will occur only with strong public health
leadership and targeted research that informs and sup-
ports changes within the complex systems of health care
and drug treatment services. Buprenorphine’s potential
has yet to be fully realized, in New York City and through-
out the U.S., due to practitioner- and systems-level bar-
riers [45-47]. There are important questions about how
best to implement SBI, and its effectiveness for individuals
with opioid abuse or dependence, but research can pro-
vide better models for identifying and engaging this popu-
lation in health care settings [48]. Successful early
intervention with these users could potentially prevent de-
velopment of the severe sequelae of untreated opioid use
disorders, including the health and social consequences
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that are starkly revealed here as statistics on hospitaliza-
tions, incarcerations, and overdose deaths.

Abbreviations

Health surveys and datasets

CDS: Client Data System; DAWN: Drug Abuse Warning Network;

ICD-9: International Classification of Infectious Diseases 9™ revision:

NSDUH: National Survey on Drug Use and Health; SPARCS: Statewide
Planning and Research Cooperative System.

Agencies and Organizations

NYC DOHMH: New York City Department of Health and Mental Hygiene; NYS
DOH New: York State Department of Health; NYS OASAS: New York State
Office of Alcoholism and Substance Abuse Services.

Competing interests
The authors have no conflicts of interest to disclose.

Acknowledgements

The authors would additionally like to thank Dawn Lambert-Wacey, MA, Tod
Mijanovich, PhD, Ying-Hua Liu, MD, MPH and Lewis Goldfrank, MD for their
contributions to the study.

Author details

'Department of Population Health, NYU School of Medicine, New York, NY
10016, USA. “Division of General Internal Medicine, Department of Medicine,
NYU School of Medicine, New York, NY 10016, USA. *Bureau of Alcohol and
Drug Use Prevention, Care and Treatment, New York City Department of
Health and Mental Hygiene, Long Island City, NY 11101, USA. “Department
of Psychiatry, NYU School of Medicine, New York, NY 10016, USA. °Center for
Health Media and Policy, Hunter-Bellevue School of Nursing, City University
of New York, New York, NY 10010, USA.

Authors’ contributions

JM, DH and MG conceived of the study. JM directed the study and led the
writing and analysis. DP, SW and SS contributed to the analyses. All authors
advised on the analysis and contributed to the writing.

Authors’ information

This study represents a collaborative effort between the NYU School of
Medicine and the New York City Department of Health and Mental Hygiene,
Bureau of Alcohol and Drug Use Prevention, Care and Treatment. At the
time of writing, Daliah Heller, PhD, MPH was Assistant Commissioner of the
Bureau, which has primary responsibility to develop and implement
programs and policies to prevent the adverse health consequences of
alcohol and drug use in New York City. The Bureau achieves its mission
through developing and promoting policies, conducting and disseminating
the results of epidemiologic analyses, promoting best practices in primary
care and substance use service settings, overseeing contracted syringe
exchange and substance use treatment services, and coordinating services
across a wide range of governmental and community stakeholders. Denise
Paone, EdD, BSN is the Bureau’s Director of Research and Program
Development and Sharmila Shah, MD, MPH is Research Scientist.

Funding disclosure

Dr. McNeely received support from NIH/NIDA (K23DA030395), NIH/NYU CTSI
(KL2RR029891), and Cooperative Agreement Number T01 CD000146 from
the Centers for Disease Control and Prevention (CDC). The contents of this
paper are solely the responsibility of the authors and do not necessarily
represent the official views of the New York City Department of Health and
Mental Hygiene, the Centers for Disease Control, the National Institute on
Drug Abuse or the National Institutes of Health.

Received: 14 March 2012 Accepted: 18 June 2012
Published: 18 June 2012

References

1. Frank B: An overview of heroin trends in New York City: Past, present
and future. Mt Sinai J Med 2000, 67(5-6):340-346.

2. Lange WR, White N, Robinson N: Medical complications of substance
abuse. Postgrad Med 1992, 92:205-214.

20.

21.

22.

Page 11 of 12

Gossop M, Stewart D, Treacy S, Marsden J: A prospective study of
mortality among drug misusers during a 4-year period after seeking
treatment. Addiction 2001, 97:39-47.

Hulse GK, English DR, Milne E, Holman CD: The quantification of
mortality resulting from the regular use of illicit opiates. Addiction
1999, 94:221-229.

Coffin PO, Galea S, Ahern J, Leon AC, Vlahov D, Tardiff K: Opiates, cocaine
and alcohol combinations in drug overdose deaths in New York City,
1990-98. Addiction 2003, 98(6):739-747.

Paone D, Heller D, Olson C, Kerker B: lllicit drug use in new york city. NYC
Vital Signs 2010, 9(1):1-4. http://www.nyc.gov/html/doh/downloads/pdf/
survey/survey-2009drugod.pdf.

Center for Substance Abuse Research (CESAR): Unintentional drug
overdose deaths continue to increase; now second leading cause of
unintentional deaths. CESAR FAX 2011, 20(19):1.

Centers for Disease Control and Prevention: Unintentional poisoning deaths -
United States, 1999-2004. MMWR Morbid Mortal Wkly Rep 2007, 56(5):93-96.
Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control: Unintentional drug poisoning in the United States.
Atlanta, GA: CDG; 2010. http://www.cdc.gov/HomeandRecreationalSafety/
pdf/poison-issue-brief.pdf.

Substance Abuse and Mental Health Services Administration, Office of
Applied Studies: Trends in Emergency Department visits involving nonmedical
use of narcotic pain relievers. Rockville, MD: The DAWN Report; 2010. http://
www.oas.samhsa.gov/2k10/DAWNO16/OpioidED.cfm.

Substance Abuse and Mental Health Services Administration, Office of
Applied Studies: The NSDUH Report: Trends in nonmedical use of prescription
pain relievers: 2002 to 2007. Rockville, MD: SAMHSA; 2009. http://www.oas.
samhsa.gov/2k9/painRelievers/nonmedicalTrends.pdf.

McCabe SE, Cranford JA, West BT: Trends in prescription drug abuse and
dependence, co-occurrence with other substance use disorders, and
treatment utilization: results from two national surveys. Addict Behav
2008, 33(10):1297-1305.

Johnson BD, Rosenblum A, Kleber H: A White Paper: a new opportunity to expand
treatment for heroin users in New York City: Public policy challenges for bringing
buprenorphine into drug treatment programs and general medical practice. New
York, NY: New York City Department of Health and Mental Hygiene; 2003. http://
www.nyc.gov/html/doh/downloads/pdf/basas/whitepaper.pdf.

New York City Department of Health and Mental Hygiene: City of New York.
Local Governmental Plan Alcohol and Drug Use Services. New York, NY: NYC
DOHMH; 2009. http://www.nyc.gov/html/doh/downloads/pdf/basas/basas-
localgovtplan-2009.pdf.

Office of National Drug Control Policy: National Drug Control Strategy.
Washington, DC: ONDCP; 2010. http://www.whitehousedrugpolicy.gov/
publications/policy/ndcs10/ndcs2010.pdf.

Cooper HLF, Brady JE, Friedman SR, Tempalski B, Gostnell K, Fom PL:
Estimating the prevalence of injection drug use among black and white
adults in large U.S. metropolitan areas over time (1992-2002): Estimation
methods and prevalence trends. J Urban Health 2008, 85(6):326-856.
Wright D, Gfroerer J, Epstein J: The use of external data sources and ratio
estimation to improve estimates of hardcore drug use from the NHSDA.
NIDA Res Monogr 1997, 167:477-497.

Compton WM, Dawson D, Duffy SQ, Grant BF: The effect of inmate
populations on estimates of DSM-IV alcohol and drug use disorders in
the United States. Am J Psychiatry 2010, 167(4):473-75.

Substance Abuse and Mental Health Services Administration, Office of
Applied Studies: Development of computer-assisted interviewing procedures
for the National Survey on Drug Abuse. Rockville, MD: SAMHSA; 2008. http://
www.0as.samhsa.gov/NHSDA/CompAssistinterview/toc.htm.

ASAM Patient Placement Criteria for the Treatment of Substance-Related
Disorders: ASAM Patient Placement Criteria for the Treatment of
Substance-Related Disorders. In ASAM Patient Placement Criteria for the
Treatment of Substance-Related Disorders. Secondth edition. Edited by Mee-
Lee D, Shulman GD, Fishman M, Gastfriend DR, Griffith H, Chevy Chase MD,
American Society of Addiction Medicine, Inc.: American Society of Addiction
Medicine, Inc; 2001.

Diagnostic and statistical manual of mental disorders: 4th. Washington, DC:
American Psychiatric Association; 2000.

New York State Department of Health: Statewide Planning and Research
Cooperative System (SPARCS). Albany, NY: NYS DOH; http://www.health.state.
ny.us/statistics/sparcs/operations/overview.htm.


http://www.nyc.gov/html/doh/downloads/pdf/survey/survey-2009drugod.pdf
http://www.nyc.gov/html/doh/downloads/pdf/survey/survey-2009drugod.pdf
http://www.cdc.gov/HomeandRecreationalSafety/pdf/poison-issue-brief.pdf
http://www.cdc.gov/HomeandRecreationalSafety/pdf/poison-issue-brief.pdf
http://www.oas.samhsa.gov/2k10/DAWN016/OpioidED.cfm
http://www.oas.samhsa.gov/2k10/DAWN016/OpioidED.cfm
http://www.oas.samhsa.gov/2k9/painRelievers/nonmedicalTrends.pdf
http://www.oas.samhsa.gov/2k9/painRelievers/nonmedicalTrends.pdf
http://www.nyc.gov/html/doh/downloads/pdf/basas/whitepaper.pdf
http://www.nyc.gov/html/doh/downloads/pdf/basas/whitepaper.pdf
http://www.nyc.gov/html/doh/downloads/pdf/basas/basas-localgovtplan-2009.pdf
http://www.nyc.gov/html/doh/downloads/pdf/basas/basas-localgovtplan-2009.pdf
http://www.whitehousedrugpolicy.gov/publications/policy/ndcs10/ndcs2010.pdf
http://www.whitehousedrugpolicy.gov/publications/policy/ndcs10/ndcs2010.pdf
http://www.oas.samhsa.gov/NHSDA/CompAssistInterview/toc.htm
http://www.oas.samhsa.gov/NHSDA/CompAssistInterview/toc.htm
http://www.health.state.ny.us/statistics/sparcs/operations/overview.htm
http://www.health.state.ny.us/statistics/sparcs/operations/overview.htm

McNeely et al. BMC Public Health 2012, 12:443
http://www.biomedcentral.com/1471-2458/12/443

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Substance Abuse and Mental Health Services Administration, Office of
Applied Studies: Results from the 2010 National Survey on Drug Use and
Health: Summary of National Findings. Rockville, MD: SAMHSA; 2011. http://
www.0as.samhsa.gov/NSDUH/2k10NSDUH/2k10Results.htm.

Substance Abuse and Mental Health Services Administration, Office of
Applied Studies: Results from the 2010 National Survey on Drug Use and Health:
Summary of National Findings, Appendix B. Rockville, MD: SAMHSA; 2011.
http://www.oas.samhsa.gov/NSDUH/2k10NSDUH/2k10Results.htm#AppB.
City of New York Department of Correction: DOC Statistics. New York, NY:
DOG; 2012. http//www.nyc.gov/html/doc/html/stats/doc_stats.shtml.
Substance Abuse and Mental Health Services Administration, Drug Abuse
Warning Network (DAWN): Methodology Report. Rockville, MD: SAMHSA;
2009. http://www.samhsa.gov/data/2k11/DAWN/2009Methods/
DAWN2k9_MethodologyReport.htm.

European Monitoring Centre for Drugs and Drug Addiction (EMCDDA):
Methodological guidelines to estimate the prevalence of problem drug use on
the local level. Lisbon: EMCDDA; 1999.

Rehm J, Room R, van den Brink W, Kraus L: Problematic drug use and drug
use disorders in EU countries and Norway: an overview of the
epidemiology. Eur Neuropsychopharm 2005, 15(4):389-397.

National Quality Forum: National voluntary consensus standards for the
treatment of substance use conditions: Evidence-based treatment practices.
Washington, DC: National Quality Forum; 2007.

Bernstein J, Bernstein E, Tassiopoulos K, Heeren T, Levenson S, Hingson R:
Brief motivational intervention at a clinic visit reduces cocaine and
heroin use. Drug Alc Depend 2005, 77:49-59.

Madras BK, Compton WM, Avula D, Stegbauer T, Stein JB, Clark HW:
Screening, brief interventions, referral to treatment (SBIRT) for illicit drug
and alcohol use at multiple healthcare sites: Comparison at intake and
6 months later. Drug Alc Depend 2009, 99(1-3):280-95.

Domingo-Salvany A, Hartnoll RL, Maguire A, Brugal MT, Albertin P, Cayla JA,
Casabona J, Suelves JM: Analytical considerations in the use of capture-
recapture to estimate prevalence: case studies of the estimation of
opiate use in the metropolitan area of Barcelona, Spain. Am J Epidemiol
1998, 148(8):732-740.

Hickman M, Cox S, Harvey J, Howes S, Farrell M, Frischner M, Stimson G,
Taylor C, Tilling K: Estimating the prevalence of problem drug use in
inner London: a discussion of three capture-recapture studies. Addiction
1999, 94(11):1653-1662.

Hall WD, Ross JE, Lynskey MT, Law MG, Degenhardt LJ: How many
dependent heroin users are there in Australia?. Med J Aust 2000,
173(10):528-531.

Hickman M, Hope V, Platt L, Higgins V, Bellis M, Rhodes T, Taylor C, Tilling K:
Estimating prevalence of injecting drug use: a comparison of multiplier
and capture-recapture methods in cities in England and Russia. Drug
Alcohol Rev 2006, 25(2):131-40.

Stein MD, Wilkinson J, Berglas N, O'Sullivan P: Prevalence and detection of
illicit drug disorders among hospitalized patients. Am J Drug Alcohol Ab
1996, 22(3):463-471.

Bjornaas MA, Hovda KE, Mikalsen H, Andrew E, Rudberg N, Ekeberg O,
Jacobsen D: Clinical vs. laboratory identification of drugs of abuse in
patients admitted for acute poisoning. Clin Toxicol 2006, 44(2):127-134.
Olfson M, Tobin J, Cassells A, Weissman M: Improving the detection of
drug abuse, alcohol abuse, and depression in community health centers.
J Health Care Poor U 2003, 14(3):386-402.

Saitz RS, Freedner N, Palfai TP, Horton NJ, Samet JH: The severity of
unhealthy alcohol use in hospitalized medical patients: The spectrum is
narrow. J Gen Int Med 2006, 21:381-85.

O'Malley K, Cook K, Price M, Wildes K, Hurdle J, Ashton C: Measuring
diagnoses: ICD code accuracy. Health Serv Res 2005, 40(5):1620-1639.
Frayne S, Miller D, Sharkansky E, Jackson WV, Wang F, Halanych JH,
Berlowitz DR, Kader B, Rosen CS, Keane TM: Using administrative data to
identify mental illness: what approach is best?. Am J Med Qual 2010,
25(1):42-50.

Young TW, Pollock DA: Misclassification of deaths caused by cocaine. An
assessment by survey. Am J Foren Med Path 1993, 14(1):43-47.

Rappo P: Coding for mental health and behavioral problems: the arcane
elevated to the ranks of the scientific. Pediatrics 2002, 110(1):167-168.
Perez-Stable EJ, Miranda J, Munoz RF, Ying YW: Depression in medical
outpatients: Underrecognition and misdiagnosis. Arch Int Med 1990,
150(5):1083-88.

45.

46.

47.

48.

Page 12 of 12

Kissin W, McLeod C, Sonnefeld J, Stanton A: Experiences of a national
sample of qualified addiction specialists who have and have not
prescribed buprenorphine for opioid dependence. J Addict Dis 2006,
25(4):91-103.17088229.

Fiellin DA: The first three years of buprenorphine in the United States:
Experience to date and future directions. J Addict Med 2007, 1(2):62-67.
West JC, Kosten TR, Wilk J, Svikis D, Triffleman E, Rae DS, Narrow WE, Duffy
FF, Regier DA: Challenges in increasing access to buprenorphine
treatment for opiate addiction. Am J Addict 2004, 13(supp 1):58-16.

Saitz R, Alford DP, Bernstein J, Cheng DM, Samet J, Palfai T: Screening and
brief intervention for unhealthy drug use in primary care settings:
Randomized clinical trials are needed. J Addict Med 2010, 4(3):123-130.

doi:10.1186/1471-2458-12-443

Cite this article as: McNeely et al.: Estimating the prevalence of illicit
opioid use in New York City using multiple data sources. BMC Public
Health 2012 12:443.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J



http://www.oas.samhsa.gov/NSDUH/2k10NSDUH/2k10Results.htm
http://www.oas.samhsa.gov/NSDUH/2k10NSDUH/2k10Results.htm
http://www.oas.samhsa.gov/NSDUH/2k10NSDUH/2k10Results.htm#AppB
http://www.nyc.gov/html/doc/html/stats/doc_stats.shtml
http://www.samhsa.gov/data/2k11/DAWN/2009Methods/DAWN2k9_MethodologyReport.htm
http://www.samhsa.gov/data/2k11/DAWN/2009Methods/DAWN2k9_MethodologyReport.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Primary datasets

	link_Tab1
	Supplemental datasets
	Analysis
	Estimation of subpopulations
	Estimation of the total opioid user population
	Estimation of treatment entrants
	Description of opioid users entering drug services and &b_k;hospital-&e_k;&b_k;based&e_k; medical services


	Results
	link_Tab2
	Discussion
	link_Fig1
	link_Tab3
	Conclusion
	Competing interests
	Acknowledgements
	Author details
	Authors&rsquo; contributions
	Authors&rsquo; information
	Funding disclosure
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


