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ABSTRACT

Background Globally, heroin and other opioids account for more than half of deaths and years-of-life-lost due to drug
use and comprise one of the four major markets for illegal drugs. Having sound estimates of the number of problematic
heroin users is fundamental to formulating sound health and criminal justice policies. Researchers and policymakers rely
heavily upon general population surveys (GPS), such as the US National Survey on Drug Use and Health (NSDUH), to es-
timate heroin use, without confronting their limitations. GPS-based estimates are also ubiquitous for cocaine and meth-
amphetamine, so insights pertaining to GPS for estimating heroin use are also relevant for those drug markets.

Analysis Four sources of potential errors in NSDUH are assessed: selective non-response, small sample size, sampling
frame omissions and under-reporting. An alternative estimate drawing on a variety of sources including a survey of adult
male arrestees is presented and explained. Other approaches to prevalence estimation are discussed. Findings Under-
reporting and selective non-response in NSDUH are likely to lead to substantial underestimation. Small sample size leads
to imprecise estimates and erratic year-to-year fluctuations. The alternative estimate provides credible evidence that
NSDUH underestimates the number of frequent heroin users by at least three-quarters and perhaps much more.

Implications GPS, even those as strong as NSDUH, are doomed by their nature to estimate poorly a rare and stigmatized
behavior concentrated in a hard-to-track population. Although many European nations avoid reliance upon these sur-
veys, many others follow the USmodel. Better estimation requires models that draw upon a variety of data sources, includ-
ing GPS, to provide credible estimates. Recent methodological developments in selected countries can provide guidance.
Journals should require researchers to critically assess the soundness of GPS estimates for any stigmatized drug-related be-
haviors with low prevalence rates.
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INTRODUCTION

Substance use policy has emerged as a scientific discipline
with a commendable commitment to a grounding in em-
pirical evidence, but some core quantities are almost as elu-
sive as the Higgs boson. The juxtaposition of great demand
for numbers with a limited ability to supply them can lead
to uncritical acceptance of the few quantitative estimates
that exist. This temptation can be particularly acute when
the number enjoys the patina of rigor, such as those deriv-
ing from a representative survey. Journals and
policymakers have a duty to resist that temptation.

Here we explore the important case of using general
population surveys (GPS) to estimate frequent heroin use.

Heroin is important in its own right, but the implications
of this case study ripple out to other substances (cocaine/
crack and methamphetamine), to the general practice of
using confidence intervals based on sampling variability
as proxies for total uncertainty and to relying upon single
data sources, as opposed to triangulating with multiple
data sources.

Heroin has occupied a distinctively important place in
drug policy for more than a century. It and other opioids
account for more than half of deaths and years-of-life-lost
due to drug use [1], and are involved in 82% of fatal over-
doses in Europe [2]. In the United States, the most recent
national market assessment’s best estimate was that its
2.3 million chronic heroin users support a criminal market
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with $43 billion in annual revenues; infrequent users are
not uncommon, but they account for only a sliver of mar-
ket demand because they consume somuch less per person
than do chronic users [3]. Hence, credible estimates of the
number of heroin users—particularly frequent users—are
invaluable for planning.

Discussions of nation-wide numbers of heroin users of-
ten cite estimates based on GPS such as the US National
Survey on Drug Use and Health (NSDUH). NSDUH is
among the largest and strongest GPS, with approximately
70 000 completed interviews per year. Despite the large
sample size, few respondents report frequent use of heroin.
Among the more than 330 000 respondents between
2011 and 2016 for whom survey data are publicly avail-
able, only 217 reported using heroin ‘more than four days
per week’, yielding an average population-weighted esti-
mate of 156 000 such daily or near-daily (DND) users at
any given time. We believe that estimate is low by approx-
imately an order of magnitude, as indicated by an alterna-
tive estimation exercise which takes advantage of a survey
of arrestees as well as other data sources. The true number
of DND users is almost certainly well above the upper end
of the reported 95% confidence interval which encom-
passes sampling variability but not other, more fundamen-
tal, limitations of GPS estimates. In 2016, for example, the
95% confidence interval around the point estimate of 211
000 was 152 000–271 000. We believe that the true esti-
mate is closer to 2 million DND users, and that reporting a
statistical confidence interval derived from just one dimen-
sion of uncertainty (sampling variation) connotes a much
better understanding of the cumulative uncertainty sur-
rounding the estimate than is appropriate.

The problem is not confined to heroin or to the United
States. The same skepticism should be applied to estimates
of frequent cocaine and methamphetamine use, as these
are also rare, stigmatized behaviors of difficult-to-track
populations.

Most western European nations, following the guid-
ance of the European Monitoring Centre for Drugs and
Drug Addiction (EMCDDA), do not use household surveys
to estimate the prevalence of either ‘problem use’ (i.e.
‘injecting drug use or long duration/regular use of opioids,
cocaine and/or amphetamines’) or heroin use. However,
many other countries rely upon household surveys for her-
oin prevalence estimates, as reflected in the United Nations
Office on Drugs and Crime (UNODC)’s World Drug Report
estimates of global and regional prevalence [4]. Indeed,
one critical parameter in the global estimate is derived ex-
plicitly from the US survey and applied to other countries.

We focus upon NSDUH because it is among the best
GPS. We focus on heroin because it simpler to measure
than the full spectrum of diverse opioids, including pre-
scription opioids. If this strong GPS fails at estimating that
one best-known opioid, then a fortiori there are concerns

with GPS-based estimates of problem opioid use more
generally.

TROUBLING RELIANCE UPON NSDUH

Some may think that the limitations of GPS for estimating
heroin use are so obvious that no one would use them, so
we begin by briefly demonstrating how heavily US policy
discussions and research rely upon NSDUH-based esti-
mates. Articles in prestigious medical and public health
journals as well as government reports invariably cite
NSDUH estimates for the prevalence of heroin use, and
usually do so without qualification; when qualifications
are mentioned, their consequences are not. We conducted
a literature search and found no competing estimates of
frequent heroin use except in our work described below.
A few sample quotations make the point.

‘According to national surveillance data (NSDUH),
914,000 people reported heroin use in 2014…’ [5]. No
qualification is offered in this New England Journal of Medi-
cine article.

In a study of the effects of prescription drug monitoring
programs on heroin use that relied upon NSDUH, Ali et al.
[6] observed that: ‘This study has a few important limita-
tions’ and listed: ‘First, the NSDUH does not survey the
same individuals from year to year’, but that was the only
listed limitation that pertained to NSDUH.

In December 2017 congressional testimony, NIH Direc-
tor Francis Collins stated: ‘[i]n 2016, over 11 million
Americans misused prescription opioids, nearly 1 million
used heroin, and 2.1 million had an opioid use disorder
due to prescription opioids or heroin’ [7]. This mirrors the
2016 Surgeon General’s Report Facing Addiction citing
NSDUH for past-year use estimates, again without qualifi-
cation [8]. AnNSDUH table for past-year use ormisuse lists
the number at 800 000 and the number of initiates at 100
000. This very lengthy report, with contributions from
many agencies, does not contain a single qualification
about the NSDUH prevalence data.

NSDUH also influences other important public health
figures. Estimates of numbers who meet criteria for sub-
stance use disorder but nonetheless do not receive treat-
ment (the ‘treatment gap’) often rely upon NSDUH or its
predecessors (e.g. [9]).

NSDUH’S LIMITATIONS

According to the 2016 NSDUH public use file, the survey
estimated that 941 993 people aged 12 years or older in
the United States used heroin in the past year, 479 114
used in the past month, 591 971 met the DSM-IV criteria
for heroin dependence and another 46 086met the criteria
for abuse but not dependence [10].
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Distinguishing problem users from the larger number
who have used at least once in the last year is important
because problem users generate and incur disproportion-
ate harms from use, including risk of blood-borne disease
transmission and premature mortality [11]. Here we
focus upon those who report using on more than
some benchmark number of days in the past month
because that distinction hinges on a single, relatively
easy-to-answer survey question. Frequent use is a partial
proxy for the number of people suffering from heroin use
disorder, which is harder to measure directly. Frequent
users also dominate the demand that fuels drug traffick-
ing and its attendant impacts on public health and safety
[3,12]. Reducing frequent use may be a fair surrogate
target for many interventions; the US Office of National
Drug Control Policy has formulated such targets in the
past for other drugs [13].

How precise and accurate are NSDUH’s heroin esti-
mates? There is no ground truth against which estimates
can be compared. However, for reasons discussed here,
we think the answer may be ‘imprecise and inaccu-
rate’—even though NSDUH’s parent agency [Substance
Abuse and Mental Health Services Administration
(SAMHSA)] has undertaken importantmethodological im-
provements during the survey’s long history [14,15]. This
judgment should not be surprising; Cook [16] suggests that
GPS only record about half of US alcohol consumption—al-
though more than half of the prevalence of alcohol use.

Many limitations are well known [17–19], but none-
theless bear listing, as follows.

Selective non-response

Response rates for most surveys have fallen substantially
since approximately 1990 [20]. NSDUH rates are high by
comparison but selective non-response can still be a very
serious problem, as some arithmetic shows.

In 2016, NSDUH identified 173 149 eligible sampling
units (meaning either households or units within group
quarters). Approximately four of five (135 188) completed
the screening process. Within those, 95 607 individuals
were selected to be interviewed, but only 67 942 (69%)
of them became respondents. Most others simply refused
to participate, but somewere either never at home or could
not complete for other reasons, such as mental incompe-
tence or language barriers.

Setting aside the complex sampling structure and sim-
ply multiplying the weighted screening rate (80%) by the
69% provides an approximate aggregate of 55% of eligible
response units becoming respondents. In 2016, the popu-
lation NSDUH intends to represent was approximately
269 million people aged 12 years and older, so NSDUH’s
estimate of 479 114 past-month users corresponds to a
prevalence of 0.18%. If that 0.18% only applied to

the 55%, and the prevalence among the other 45%
were 0.56%, then the true overall prevalence of
0.55 × 0.18% + 0.45 × 0.56% = 0.36% would be double
that reported by NSDUH.

The prevalence of those who did not provide data is, of
course, unknown. Gfroerer et al. [21] note that although
some populations with high non-response tend to have
high rates of drug use (e.g. males in urban areas) others
have lower than average drug use rates (older and
high-income populations). Nevertheless, one can ask
whether it seems possible that those who were hard to
reach or refused to cooperate might be 0.56%/
0.18% = 3.1 times as likely to use heroin? It is hard to dis-
miss that possibility.

Furthermore, the complex sampling structure can cre-
ate challenges, particularly for year-to-year trends in sub-
national estimates. Geographic variation over time in the
inclusion (or exclusion) of populations in specific geograph-
ical areas can generate non-random shifts in all measures
of use that are independent of variables used for weighting
back to state or national population estimates [22].

Small sample sizes for rare events

When estimating rare behaviors, even enormous surveys
rely upon the responses of relatively few people. Lipari &
Hughes [23] report trends in heroin use as measured by
NSDUH from 2002 to 2013. We extend their figures to
2016. It appears to show a pronounced jump in 2006 for
older users, from approximately 200 000 to 376 000
people.

A substantial chunk of that spike comes from just two
respondents. Two older Hispanic males reported past-year
use. Because of their age, they were assigned sample
weights of 35 867 and 36 342, respectively, approximately
eight times the average sample weight, so almost half of the
apparently dramatic spike in heroin use in 2006 comes
from the vagaries of the survey happening to pick up two
older users. When we consider the uncertainty around
the estimates due to the sheer rarity of reporting heroin
use in NSDUH, the spikes are less meaningful. The vertical
error bars in Fig. 1 are 95% confidence intervals based on
bootstrap-estimated standard errors on the point estimates.
These demonstrate that even the largest year-on-year
changes in point estimates are rarely statistically different
from the prior year’s figure. NSDUH can document large
and sustained changes retrospectively, but it is
hard-pressed to detect reliably how any one year differs
from the previous year.

This produces substantial fluctuations fromyear to year
in point estimates, although seldom are the changes
greater than the imprecision due to sampling error, which
is typically 20–50% for any given point estimate. Consider,
for example, past-month days of use, which is NSDUH’s
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best proxy for overall consumption. As Table 1 shows, be-
tween 2013 and 2016 the three year-on-year changes
were up by 59%, down by 21% and then up by 37%. That
would suggest great volatility, whereas in reality demand
for heroin is distressingly stable precisely because demand
is concentrated among frequent dependent users for whom
substance use disorder is a chronic relapsing condition.

Sampling frame

One of NSDUH’s strengths compared to GPS in some other
countries is that it is no longer simply a ‘household’ survey;
it includes adults living in noninstitutionalized group quar-
ters (homeless shelters, rooming or boarding houses, dor-
mitories, migratory work camps and halfway houses). In
the 2010 census, this extended sampling frame included
300.8 of 308.7 million people in the United States. How-
ever, that glass is only 97% full. As NSDUH’s estimate of
past-month heroin use is so low (479 114 in 2016), if

heroin use were common among the other 7.9million peo-
ple then NSDUH’s estimate could be off substantially.

Two excluded groups may have large numbers of fre-
quent heroin users: the unsheltered homeless and the
incarcerated.

Under-reporting

Under-reporting can take two forms: (1) denying use alto-
gether and (2) under-reporting the frequency of use, e.g.
reporting use on 5 days in the past-month when the true
number was 17.

One of the most rigorous studies of reporting accuracy
compared self-report to NHSDA, the predecessor to
NSDUH, with assays of urine and hair samples among
12–25-year-olds [18]. It did not draw conclusions about
self-report of heroin for technical reasons, particularly drug
tests’ inability to distinguish heroin from other opioids, in-
cluding medically sanctioned prescription pain relievers.

Figure 1 Annual estimates of past-year heroin use 2002–16 with 95% confidence intervals. Source: National Survey on Drug Use and Health
(NSDUH)

Table 1 Year-to year changes in various heroin measures (levels in thousands), 2013–2016.

2013 2014 % Change 2015 % Change 2016 % Change

Past-year 656 979 49% 841 �14% 942 12%
Users (527 – 805) (815 – 1133) (681 – 992) (762 – 1116)
Dependent 423 547 42% 559 2% 592 6%

(324 – 540) (433 – 672) (437 – 689) (474 – 718)
Past-month 264 476 80% 343 �28% 479 40%
users (193 – 349) (363 – 592) (247 – 448) (358 – 609)
PM days 4295 6813 59% 5386 �21% 7371 37%
of Use (2876 – 6016) (4952 – 8861) (3472 – 7359) (5144 – 10064)
Used 21+ days 111 160 45% 147 �8% 211 44%
in PM (DND) (64 – 171) (100 – 229) (85 – 215) (136 – 300)

Source: National Survey on Drug Use and Health (NSDUH). PM = past month; DND = daily or near-daily. 95% confidence intervals calculated by the authors
based on bootstrapped standard errors for each point estimate in brackets.
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It is instructive, however, to consider the results
pertaining to cocaine (crack and powder combined, be-
cause they cannot be distinguished by urinalysis). As with
heroin, regular cocaine use is stigmatized, rare and prob-
lematic, so it should present similar reporting problems.
Table 2 cross-tabulates the 3761 individuals in the study
who tested negative (left column) or positive (right column)
against their self-reported answers to three questions in
successive pairs of rows: (1) the actual NHSDA core ques-
tion about use in the last 30 days, (2) the supplement’s
question regarding use in the last 7 days and (3) use in
the last 3 days. These last two questions were asked be-
cause conventional understanding of the detection win-
dow for cocaine by urinalysis is 72 hours or a little
longer, but not 30 days.

The past-month self-report rate (0.9 or 1.0%) is not
much below the rate of testing positive (1.4%). However,
that is because some people self-report past-month use
even though they test negative, e.g. because they used in
the past month but not recently.

For present purposes, the more relevant question is
what proportion of those who test positive, and so almost
definitely had used cocaine recently, admitted that use.
That proportion, which pertains to the survey’s ‘sensitiv-
ity’, is only one in five or lower. In other words, the great
majority of recent cocaine users do not self-report that
use. This is not surprising; extensive research has shown
a low willingness to report use of highly stigmatized drugs
[24–26].

There is additional insight available on under-reporting
in NSDUH by a critical population, namely criminally ac-
tive heroin users; data on their use is available through
the Arrestee Drug Abuse Monitoring program (ADAM).
Lattimore et al. [27], analyzing NSDUH respondents who
self-reported arrest, find that: ‘estimates of past month il-
licit drug use among male arrestees at ADAM sites were
1.5 to 3 times as high using the ADAM data as the NSDUH
data’ (no page number).

Of course, selective non-response, under-reporting and
sampling frame exclusions apply to other widely used sur-
veys. The argument here is just that they may be

particularly serious for estimates of frequent use of drugs
such as heroin. Under-reporting seems particularly likely
to generate under-estimates. Box 1 provides a short-list of
key limitations and recommendations for consideration.

Box 1. Limitations of and recommendations for GPS for
rare and stigmatized behaviors that are concentrated in
hard-to-track populations

Limitation Recommendation

Typical general population
surveys (GPS) cannot be
trusted to accurately
estimate the prevalence or
frequency of rare and
stigmatized behaviors that
are concentrated in
populations that are
difficult to survey

Asking about acquaintance’s
behavior, not the
respondent’s behavior, can
help address stigma, but not
other limitations of GPS

Year-to-year changes in
those estimates are not
reliable

Trends should be based on
smoothing estimates over
multiple years

Trends in overall prevalence
may not mirror and can even
mask more important
trends in high-frequency
or problem use.

Do not treat trends in past-
year prevalence as a proxy
for trends in demand or
drug-related problems

Confidence intervals (CIs)
based only on sampling
variability can be
misleading; the true figure
is more likely to fall outside
that range than is
suggested by its name (e.g.
falls outside the 95% CI
more than 5% of the time)
because of non-sampling
errors such as selective
non-response and under-
reporting

If such confidence intervals
are reported, they should be
accompanied by explicit
warnings since many readers
and policy makers do not
understand the difference
between sampling and non-
sampling errors

Table 2 Harrison et al.’s (2007) results contrasting self-report of cocaine use with urinalysis.

Urinalysis result

Self-reported use measure Response Negative Positive Sensitivity

Past 30 days (NSDUH core question) No 97.9 1.1
Yes 0.6 0.3 0.206

Past 7 days (follow-up) No 98.2 1.2
Yes 0.3 0.3 0.185

Past 3 days (follow-up) No 98.4 1.2
Yes 0.1 0.2 0.163

NSUDH = National Survey on Drug Use and Health.
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AN ALTERNATIVE ESTIMATE

A focus upon GPS for measuring frequent heroin use is
puzzling, because there are other relevant indicators.We il-
lustrate this by describing an estimation effort that took ad-
vantage of data that addressed two of NSDUH’s most
conspicuous failing; namely, its weak coverage of crimi-
nally active drug users and lack of biological confirmation.
Kilmer et al. [12] estimated the number of people using her-
oin (as well as cocaine and methamphetamine) in the
United States on four or more days in the previous month
for the period 2000–10 using a range of data sources, in-
cluding ADAM, with results published, among other
places, in this journal [28].

ADAMwas started under the name Drug Use Forecast-
ing (DUF) in 1987 by the National Institute of Justice [29].
DUF/ADAM collected data, including urine specimens,
from a sample of arrestees in booking facilities (typically
county jails), growing to include 39 counties covering
one-eighth of the national population in 2003. The survey
was suspended during 2004–06, reinstated in 10 counties
for 2007–11, then fell to five counties in 2012 and 2013
before its termination.

ADAM unnerves the punctilious. The locations are not
a random sample of the nation’s jails, simply a set of large
counties whose agencies were willing to provide data
collection access [30]. There were barriers to complete
enumeration of all potential respondents (arrestees), so re-
sponse rates are overestimates. The catchment area varied
over time (e.g. from city to county), and sample weight
calculations were always complex and sometimes
problematic.

Nonetheless, ADAM measured what counts. It gath-
ered data—including urine samples—from a population
that is rich in frequent users. The proportion of arrestees
who test positive for opioids, in large proportion heroin
based on self-reports, is 50 times greater than the propor-
tion of NSDUH respondents who report past-month heroin
use—approximately one in 10, not just one in 500.

Some of this gap can be attributed to sampling frames
and methods. For example, among ADAM respondents
testing positive for drugs in 2013, more than 20% lived
outside a household at the time of their arrest. Nonetheless,
most of the discrepancy between self-reported past-month
prevalence among criminal justice-involved populations
in NSDUH and ADAM urinalysis results arises because
many people who test positive for a drug do not
self-report its use. This highlights how the problems of
GPS go beyond sampling frame limitations.

Kilmer et al. [12] modeled the proportion of adult
male arrestees who test positive in ADAM sites as a
function of covariates that are available for (almost) all
counties, including treatment admissions, drug-related
deaths, work-place urinalysis testing and standard

demographic variables. Combining that model with uni-
form crime reports (UCR) data on numbers of arrests
projected the nation-wide number of adult male arrest
events that would lead to a positive test. For 2010 the
estimate (884 778) was just 3% higher than what sim-
ple arithmetic (arrests times average percentage positive
tests in ADAM sites) would produce. It is reassuring that
the sophisticated estimate concords with the simple ver-
sion. Adjustments were then made to extrapolate to ju-
veniles and women. Detailed descriptions of the
multi-sourced model are provided in appendices to
Kilmer et al. [31] and Midgette et al. [32]

The resulting prevalence estimates are much larger
than those produced by NSDUH, and the gap is most pro-
nounced for the most frequent users. Caulkins et al. [28]
contrast Kilmer et al.’s estimate of 1.0 million daily or
near-daily users against the mere 60 000 reported in
NSDUH in 2010, a ratio of 16 : 1. The subsequent in-
creases in heroin use recorded in NSDUH did not erase
the gap. NSDUH’s estimate of DND users rose to 111 000
by 2013, but a recent update of Kilmer et al. places the fig-
ure at 1.6 million [3], preserving the 16 : 1 ratio. In subse-
quent years, the discrepancy varies, but the difference
remains an order of magnitude (Fig. 2).

That the estimate drawinguponmultiple data sources is
16 times greater than the one based on NSDUH alone does
not logically imply that NSDUH is wrong. Recognizing that
it is NSDUH that errs requires common sense. For example,
the Treatment Episode Data Set codebook reports 316 797
admissions to treatment in2013 forwhich theprimary sub-
stance of abuse was heroin [33]. While some heroin users
who seek treatment cycle in and out and so may generate
more than one admission per year, many others are not en-
gaged with treatment at all, so it is difficult to imagine a
population-wideaverage rate of three treatment admissions
per year. Similarly, it is hard to square NSDUH’s low esti-
mates of DND heroin use with mortality data from the
Centers for Disease Control and Prevention (CDC)’s
Wide-ranging Online Data for Epidemiologic Research
(WONDER) database (more than 15 000 in 2016), and
WONDER’s counts probably understate the true figure by
20–35% [34]. The estimates of DND users that draw upon
multiple data sources arenotably larger inmagnitude,more
consistent with other indicators and are more credibly
smoothover timethantheNSDUHequivalent. (Note the fac-
tor of 10difference in the scales of the vertical axes in the left
and right panels of Fig. 2.) The fact that theNSDUHDNDes-
timates showthreeannualdeclines in the6yearsafter2010
is indicative of the implausibility of the annual estimates,
given that heroin dependence is such a stable behavior.

This underestimation of frequent heroin use hinders
understanding of the dynamics of the opioid epidemic. For
example, it wreaks havoc with attempts to estimate what
proportion of prescription opioid users escalate to problem
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heroin use [35]. If that denominator is well measured, be-
cause most people do not escalate and so are well repre-
sented in household surveys, but the numerator is off by
fifteen-sixteenths, or 94%, then the actual escalation risk
could be badly underestimated.

We offer the multi-sourced estimates not as the ideal,
but as indicative of the limitations of any GPS. They
strongly suggest that the NSDUH estimates of regular her-
oin use are irredeemable, even though ADAM has its own
limitations. We are not advocating that blind deference to
flawed NSDUH estimates be replaced with blind deference
to ADAM or any other single data source. As we discuss
next, the path forward may require stitching together mul-
tiple indicators.

A PATH FORWARD

General population surveys aid understanding of the epide-
miology of substance use in every country. However, a GPS
is doomed by its nature for estimating a rare and stigma-
tized behavior concentrated in a hard-to-track population.
The high rate of under-reporting, the sampling frame omis-
sions and selective non-response are fatal, rendering esti-
mates so poor as to be misleading. They may be useful for
providing bounds (e.g. Pepper [36]), although the bounds
will be loose if the true prevalence is five or 10 times the re-
ported rate. Similarly, multiplier methods can be used to
adjust for under-reporting, but the potential error when
scaling GPS-based estimates up by 1000% for frequent her-
oin use is greater than when scaling-up by 20% for overall
cannabis use [37,38].

Undercounts can be so large that year-to-year changes
lack credibility as a proxy for trends in the actual popula-
tion, so GPS-based estimates do not permit establishing
and monitoring goals for reducing frequent heroin use by
a certain percentage, the way they have been used to for-
mulate cannabis use reduction goals [39]; nor can they

provide the denominator for such important parameters
as the lethality of the drug on a population level [40].

Similar statements hold for regular use of cocaine and
methamphetamine.

This problem is not confined to the United States. Many
nations with less frequent and smaller GPS report to the
UNODC cocaine, heroin and methamphetamine preva-
lence estimates based on household surveys. The UNODC’s
flagship publication (the World Drug Report) attempts to
compensate for GPS weaknesses where it can, but for ap-
proximately half of all nations there are no alternative esti-
mates [41]. The Global Burden of Disease estimates
attempt to avoid GPS for estimating opioid, cocaine or am-
phetamine use, but where no other estimate is available
the GBD project uses a fixed ratio of model to survey esti-
mate, which is problematic given that the survey quality
is so inconsistent across countries.

Creative integration of other data sources may yield a
complementary path forward. The particulars will vary
by country, but in the United States these additional data
sources may include the National Survey of Substance
Abuse Treatment Facilities (NSATTS) or the Healthcare
Cost and Utilization Project (HCUP), both of which interact
with populations of frequent users. Counts of fatal and
non-fatal overdose are relevant, although the spread of
fentanyl as a heroin adulterant and naloxone can greatly
increase or decrease, respectively, the ratio of deaths per-
person-year of use. New types of data, such as wastewater
monitoring, may also be helpful [42,43]. Estimating con-
sumption frommetabolites found in municipal wastewater
offers multiple advantages, including its focus upon quan-
tity consumed, not just prevalence, and the ability to
cheaply monitor changes over shorter time intervals than
can annual surveys.

None of this is to suggest that GPS should be scrapped.
GPS provide important information about the use of other,
more common drugs and other health behaviors. For

Figure 2 The multi-sourced estimates are smoother, and an order of magnitude larger, than the National Survey on Drug Use and Health
(NSDUH) estimates of daily or near-daily (DND) users
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heroin and other opioids, however, theymust be usedmore
cautiously. At a minimum, interpretation should focus on
trends, not levels, trust the direction of the trends more
than the specific slope and, instead of focusing upon year-
to-year fluctuations, reports should present something like
3-year moving averages, which are less sensitive to the
very small number of heroin-using respondents in each an-
nual survey. This is not an alien concept; NSDUH’s
state-specific estimates already are based upon pooling re-
sults from two survey years. Indeed, thinking in terms of
‘replace data system X with data system Y’ perhaps misses
the most fundamental point. Estimating heroin use—
particularly frequent or problematic use—is probably best
performed by combining (‘triangulating from’) multiple
data sources, and our confidence in the direction of an es-
timated trend should be stronger when multiple sources
generally agree.

Rehm et al. [44] recently made the same point with
respect to alcohol research, arguing that: ‘we must di-
vest ourselves of the idea that current non-probabilistic
samples are always inferior to current probabilistic
methods for deriving outcomes for a given population’.
They argue explicitly for triangulation from traffic inju-
ries, respondent-driven sampling studies and treatment
rolls, among other sources; Robinson et al. [45] illustrate
the feasibility of this for Scotland. Rehm et al. recognize
that triangulation is easier when there is a gold standard
anchor, such as alcohol excise tax receipts. There are no
gold standard measures for frequent heroin use, but
there may be multiple silver or bronze standards,
including wastewater analysis, supply-side estimates
and/or multiple capture/re-capture estimates, such as
Bouchard et al. [46] recently produced for British
Columbia.

In many countries, including the United States, addi-
tional means of drug use surveillance must be developed
to have more to triangulate from. Collecting data on use
by the criminally active population is vital, and only a
handful of other countries (e.g. the Drug Use Monitoring
in Australia system [47]) have invested in anything compa-
rable. The new data collection need not come from a sur-
vey or other purpose-driven primary collection. Exploiting
drug tests already administered as part of existing criminal
justice processing or employment requirements are an-
other option [3,48]. A recent Addiction paper [49] illus-
trated an innovative approach in Britain using treatment
and mortality data to help to estimate the prevalence of
opioid dependence. Perhaps, then, the key is not so much
funding the one, right, data system but rather fostering a
curious, professional and analytically sophisticated com-
munity that is dedicated to the task.

We are not the first to suggest supplementing GPS. In-
deed, more than 20 years ago the office responsible for
NSDUH published an article exploring what arrest and

treatment data might add to the quality of estimates of
‘hardcore’ use [50]. More recently, local jurisdictions have
also explored the possibility of supplementing NSDUH [51].

We end with a pointed query. Why has measuring fre-
quent heroin use been given so little attention despite the
extraordinary number of heroin-related overdose deaths,
particularly in Canada and the United States but elsewhere
as well? The HIV epidemic generated a massive improve-
ment in monitoring systems for a variety of related
behaviors, including efforts focused upon hard-to-reach,
high-risk populations such as the National HIV Behavioral
Surveillance (NHBS) in the United States With the
welcome spread of effective treatments for AIDS and the
troubling spread of fentanyl and other synthetic opioids,
overdose is becoming as much of an issue as the spread of
blood-borne diseases by injection use, so it is astonishing
that comparable efforts have not beenmade to improve un-
derstanding of the number of individuals using heroin.
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