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Abstract

Background Given the opioid overdose crisis, surveillance of evolving opioid use patterns is critical to the effective
deployment of mitigation strategies. The National Survey on Drug Use and Health (NSDUH) provided the first annual
US estimate of illicitly manufactured fentanyl (IMF) use in 2022. However, as a household survey, NSDUH may not
capture the full extent of population heroin and IMF use. We compare estimates of past-year heroin and IMF use and
correlates of use in NSDUH and the Survey of Non-Medical Use of Prescription Drugs (NMURX) survey which employ
an alternate sampling strategy.

Methods We conducted a cross-sectional analysis of the 2022 NSDUH and NMURx. NSDUH samples respondents
using a probability-based approach targeting community-dwelling individuals, while NMURx samples respondents
using an opt-in, online survey panel. US adults ages 18 years and older were included. The main outcomes were
differences in the weighted percentage of population reporting past-year use of heroin, IMF, and either heroin or
IMF between the surveys. Secondary outcomes were the patterns of association of past-year heroin or IMF use with
comorbid substance use, treatment utilization, and demographic characteristics between the surveys. Data were
analyzed March to June 2024.

Results NSDUH (n=47,100 respondents) had a lower proportion of respondents who identified as non-Hispanic
White and graduated college, and a higher proportion with past week employment than NMURx (N=159,041
respondents). Past-year use of heroin, IMF, and either heroin or IMF were lower in the NSDUH than the NMURx.
NSDUH estimated 0.52% (95% Cl: 0.40%, 0.69%) %) of the US population used either heroin or IMF in the past year
compared to 1.05% (95% Cl: 0.97%, 1.14 0) in NMURKX. In regression models, stimulant and benzodiazepine use were
consistently associated with increased heroin or IMF use across both surveys.

Conclusions and relevance The estimated prevalence of heroin or IMF use was nearly 50% higher in the NMURXx
compared to NSDUH. These results highlight the importance of using complementary surveillance approaches to
obtain accurate estimates of the prevalence and patterns of heroin or IMF use.
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Introduction

Addressing the national overdose crisis requires access
to timely and accurate data on the prevalence of drug
use and the characteristics of people who use drugs in
the general population [1, 2]. Clinicians, public health
researchers, policymakers, community organizations,
and advocates rely on data to tailor interventions and
identify emerging trends in the drug supply and commu-
nities most impacted by the overdose crisis. The National
Survey on Drug Use and Health (NSDUH) is a household
survey that has been conducted since 1971 and provides
detailed information about substance use in the United
States (US) on an annual basis [3]. As with all surveys,
the NSDUH has limitations, including delays in updating
survey questions to reflect changes in the drug supply,
time lags between data collection and public availability,
and the exclusion of unhoused individuals which poten-
tially lead to underestimates of substance use in the US.

The US overdose crisis after 2017 is attributed to the
rise of illicitly manufactured fentanyl (IMF), a high-
potency synthetic opioid, in the illicit opioid supply [4].
The NSDUH included questions about IMF for the first
time in 2022 and found that 0.2% of the US population
aged 12 and older used IMF in the past year, while 0.4%
used heroin [5, 6]. The relatively higher rates of heroin
use compared to IMF use found in NSDUH does not
correspond with other data indicating a decline in her-
oin use and a rise in IMF use in the US [7]. For example
in 2023, of the 78,226 opioid overdose-related deaths,
92% (n=71,821) involved synthetic opioids like fentanyl
(excluding methadone), whereas only 5% (n=3,929)
involved heroin [4]. Beyond mortality, a national toxicol-
ogy laboratory reported that in 2021 nearly 6% of urine
toxicology tests were positive for fentanyl, compared to
less than 1% for heroin [8]. The discrepancy between
NSDUH estimates and other public health data under-
scores the importance of complementing NSDUH data
with other national datasets to better capture the evolv-
ing landscape of opioid use.

To enhance our understanding of opioid use in the US,
this study compares NSDUH findings on heroin and IMF
use with those from the Survey of Non-Medical Use of
Prescription Drugs (NMURx), another US nationally
representative survey, which assesses non-medical use
of prescription drugs and substance use in the US. We
sought to highlight how differences in survey design
influence heroin and IMF use prevalence estimates and
patterns of association. To accomplish this aim, we first
compared national estimates of heroin and IMF use
between the two surveys. Next, we measured and com-
pared patterns of association between past-year heroin
or IMF use and relevant demographic, substance use, and
treatment factors in both surveys.
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Methods

Data sources

The Research Abuse, Diversion, and Addiction-Related
Surveillance (RADARS) System developed and validated
the NMURx, which was externally validated through
alignment with national benchmarks from probabil-
ity-based surveys, including the NSDUH [9]. Briefly,
NMURx uses a cross-sectional, nonprobability design
where respondents complete a self-administered, online
questionnaire. NMURXx participants opt-in to a commer-
cial survey firm and are recruited to participate in vari-
ous surveys to receive remuneration. Data are collected
biannually, with survey weights producing national esti-
mates for ages>18 years. Respondents must have access
to the internet through a computer or smartphone
device. There are no exclusion criteria based on hous-
ing status. Internal data consistency checks identify and
removes completed questionnaires exhibiting improbable
response patterns. Data from the 2022 NMURXx survey
waves were adjusted to represent the US general public
ages>18. NMURXx respondents are asked about heroin,
IME, and fentanyl analog use, with questions randomized
to reduce order bias (Table 1) [10].

NSDUH provides annual estimates of tobacco, alcohol,
and drug use in a cross-sectional, nationally representa-
tive household survey of the non-institutionalized US
public aged >12 years. A detailed description of NSDUH
survey methodology is available elsewhere [3]. Starting
in 2021, NSDUH used multimodal data collection and,
in 2022, 42% of interviews were completed online and
58% completed in-person using audio-computer assisted
self-interview to reduce desirability bias [5]. The NSDUH
survey instrument includes questions about the use of all
classes of prescribed and nonprescribed drugs. The order
of the questions is the same for all respondents. NSDUH
has included questions about heroin use since its incep-
tion in 1971 [11] and added questions about the use of
IMF in 2022 (Table 1).

Heroin use, IMF use, and either heroin or IMF use

We identified respondents with past-year use of heroin
or IMF and further classified the recency of use as past-
month or past 2-12 months. NMURx and NSDUH
definitions of past-month use slightly differed. NMURx
reported past-month as use in the last “4 weeks” while
NSDUH used “past 30 days” Respondents might be
unaware if IMF is in their heroin supply or consider “her-
oin” as general term for nonprescription opioids. There-
fore, we constructed a third variable to capture most
recent use of either heroin or IMF to provide an overall
assessment of the population who is likely exposed to
IME
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Respondents characteristics

Covariates were chosen to describe the demographic,
socioeconomic, comorbid substance use, and treatment
factors related to opioid use. We were limited to covari-
ates that have similar questions and response scales
in both NSDUH and NMURx (Supplement eTable 1).
Demographic and socioeconomic factors included age,
sex, race and ethnicity, income, highest level of educa-
tion, marital status, past week employment, and health
insurance status. Comorbid substance use factors
included frequency of cigarette use, past-year cannabis
use, past-year illicit stimulant use (cocaine or metham-
phetamine), and past-year nonmedical benzodiazepine
use. Respondents were classified having heavy alcohol
use according to the National Institutes of Alcohol Abuse
and Alcoholism definition (> 15 drinks per week for men;
> 8 drinks per week for women) [12]. Past-year receipt
of any medication for opioid use disorder was ascer-
tained by the NSDUH question asking about the receipt
of “prescription medication you may have used to cut
back or stop your drug use” and a description of metha-
done, buprenorphine, and naltrexone was provided. In
NMURX, past year receipt of medication for opioid use
disorder was ascertained by questions asking about the
receipt of “prescribed medications for opioid depen-
dence” with an option to select from a list of medications
including methadone, buprenorphine, and “other” For
NMURX, the “other” category likely represents adjuvant
medications to treat opioid withdrawal and naltrexone.
Naltrexone is rarely used to treat opioid use disorder [13]
and the adjuvant medications are not considered treat-
ments for opioid use disorder and therefore were not
included. Additional covariates include self-reported
health status (e.g., Fair/Poor, Good, Very Good, or Excel-
lent) and if the respondent had spent at least one night in
the hospital in the past year.

Fever, Friend, Goodfella, Jackpot, Murder 8, Tango

and Cash, TNT)?

This next question is about illegally made fentanyl,
which is fentanyl that people can't get from a doc-
tor or pharmacy. lllegally made fentanyl can come
in forms such as powder, pills, or blotter paper. It

company (Apache, China Girl, China White, Dance
can also be mixed with heroin or other drugs.

Illicitly Manufactured Fentanyl Ascertainment
Have you ever used fentanyl not made by a drug
Have you ever, even once, used illegally made

(carfentanil, acetylfentanyl, or furanylfentanyl)?
fentanyl?

Have you ever used drugs similar to fentanyl

(Brown sugar, Cheese, China
White, Dope, H, Horse, Junk,
Skag, Skunk, Smack, White

Horse)?
Have you ever, even once,

These next questions are
used heroin?

Heroin Ascertainment
Have you ever used heroin
about heroin.

- Participants seek opportunity to complete surveys for payment from a commercial survey firm.

- Participants recruited based on household sampling by a federal contractor.
o There are 49 modules. Heroin is asked in module 9 while IMF is asked in module 39.
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To calculate the differences between the weighted per-
centages of NSDUH and NMURKXx respondent character-
istics, we took 2000 samples with replacement from the
surveys. The mean of the 2000 differences, calculated as
the absolute differences between point estimates, gives
the estimated difference in point estimates, with percen-
tile-based CIs from the bootstrap distribution [15]. To
adjust for multiple testing, we applied a Bonferroni cor-
rection to the « level of 0.05 and report the corrected
confidence interval (cCI) [16].

We modeled the association of past-year heroin or
IMF use with respondent characteristics using logistic
regression, incorporating clustering variables and ana-
lytic weights to account for complex survey designs. We
assessed for evidence of multicollinearity and found none
using a variance inflation factor cutoff of 5. Since our goal
was to describe patterns of association, we presented the
adjusted Odds Ratios [aOR] obtained from the logistic
regression models and included adjusted average mar-
ginal effects from the models in the supplementary mate-
rial (supplement eFigure 1) [17]. Due to sparse data, the
race and ethnicity categories for Native American, Native
Hawaiian, Asian, Multiple races, and “Other” were com-
bined into a single group of another non-Hispanic race
for the regression modeling. Respondents who left ciga-
rette use blank were included in the “not at all” group
for modeling. All analyses were conducted in R ver-
sion 4.4, used the ‘survey' and ‘margins’ packages [18,
19]. The RADARS System provided a limited dataset of
NMURx and the NSDUH public-access data was used for
the analysis [3, 9]. Informed consent had been obtained
from all respondents participating in the NMURx and
NSDUH surveys, as per the ethical guidelines established
by the respective survey protocols. The Colorado Mul-
tiple Institutional Review Board determined this study
non-human subjects research. Ethics, Consent to Partici-
pate, and Consent to Publish declarations: not applicable.
Study reporting followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline [20].

Results

NSDUH and NMURx populations

The 2022 NSDUH survey had 47,100 respondents, and
the 2022 NMURKXx survey had 59,041 respondents across
two waves (wave 1: 29,637 and wave 2: 29,404). The
final weighted samples were 256,281,676 for NSDUH
and 259,008,595 for NMURx. Compared to NSDUH,
NMURKx had a higher percentage of non-Hispanic White
participants (absolute difference: 8.43%, 95% cCI: 7.45%,
9.40%) and college graduates (absolute difference: 8.12%,
95% cCI: 7.21%, 9.09%) and a lower percentage of respon-
dents in the highest income group of >$75,000 annually
(absolute difference: -7.54%, 95% cCI: -8.52%, -6.57%)
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and having worked in the past week (absolute differ-
ence: -9.28%, 95% cCI: -10.32%, —8.31%). Age and sex
distributions were similar between NSDUH and NMURx
(supplement eTable 2). Compared to NSDUH, a lower
percentage of the NMURx respondents reported canna-
bis use (absolute difference — 1.56%, cCI - 8.31%, -0.79%,),
heavy alcohol use (absolute difference -2.97%, cCI
-3.45%, -2.47%), and past-year medications for opioid
use disorder (absolute difference -0.40%, cCI —0.57%,
-0.24%); a higher percentage of NMURx respondents
reported not smoking cigarettes (absolute difference
3.82%, cCI 3.19%, 4.49%) and nonmedical benzodiaz-
epine use (absolute difference 0.70%, cCI 0.49%, 0.91%).

Past-year use of heroin, IMF, and either heroin or IMF
Estimates of past-year use of heroin, IMF, and either her-
oin or IMF were consistently lower in NSDUH compared
to NMURx (Fig. 1; Table 2). Past-year heroin use was
0.39% (95% CI: 0.30%, 0.52%) in NSDUH and 0.60% (95%
CIL: 0.54%, 0.67%) in NMURx, with an absolute differ-
ence of 0.21% (cCI: 0.09%, 0.32%). Past-year IMF use was
0.24% (95% CI: 0.18%, 0.33%) in NSDUH and 0.74% (95%
CI: 0.67%, 0.81%) in NMURX, with an absolute difference
of 0.49% (cCI: 0.39%, 0.60%). Additionally, past-year use
of either heroin or IMF was 0.52% (95% CI: 0.40%, 0.69%)
in NSDUH and 1.05% (95% CI: 0.97%, 1.14%) in NMURXx,
with an absolute difference of 0.53% (cCI: 0.38%, 0.67%).

Most recent use of heroin, IMH, and either heroin or IMF
All estimates of the percentage of respondents using
heroin, IMF, and heroin or IMF use in the past-month or
2—12 months was lower in NDUH compared to NMURX,
with the exception of past-month heroin use which was
similar in both surveys (Table 2). The largest estimated
difference was in the percentage of respondents report-
ing past-month IMF use: NSDUH estimated 0.10% (95%
CIL 0.07%, 0.16%), whereas NMURx estimated 0.41%
(95% CI: 0.36%, 0.47%), an absolute difference of 0.31%
(cCI: 0.24%, 0.43%).

Association of past-year heroin or IMF use with
demographic and socioeconomic factors

In fully adjusted logistic regression models, similar pat-
terns in both NSDUH and NMURx were found for
income, where respondents in the $50,000-$74,999
group had lower odds of reporting past-year heroin or
IMF use (NSDUH: aOR 0.32, 95% CI 0.14, 0.75; NMURx
aOR 0.71, 95% CI 0.50, 0.99) relative to <$50,000 (Fig. 2).
Several variables showed similar trends across NSDUH
and NMURYx, although with different levels of statistical
precision. For instance, females had lower odds of past-
year heroin or IMF in both NSDUH (aOR 0.61, 95% CI
0.34, 1.08) and NMURx (aOR 0.47, 95% CI 0.37, 0.58)
compared to males, with NSDUH estimates being less
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Fig. 1 Weighted percentage with past year use of heroin, illicitly manufactured fentanyl (IMF), and either heroin or IMF

Table 2 Weighted percentage of Past Year Heroin, illicitly manufactured fentanyl (IMF), and either heroin or IMF use. **Bonferroni
corrected confidence interval. Setting significant level of a=0.05 and accounting for 43 comparisons, the corrected significant level
(a) is equal to 0.05/43=0.0011 and we constructed 99.88% confidence intervals. The absolute difference formula: NMURx prevalence
minus NSDUH prevalence

Most recentuse Heroin IMF Heroin or IMF
NSDUH NMURXx Abs. Diff. NSDUH NMURXx Abs. Diff. NSDUH NMURXx Abs. Diff.
% % (corrected CI)* % % (corrected CI)* % % (corrected Cl)*
(95%Cl)  (95% Cl) (95%Cl)  (95% Cl) (95%Cl)  (95% Cl)
Past year 0.39 0.60 0.21 0.24 0.74 049 0.52 1.05 0.53
(0.30,0.52) (0.54,0.67) (0.09,0.32) (0.18,0.33) (0.67,0.81) (0.39,0.60) (040,0.69) (0.97,1.14) (0.38,0.67)
Past 0.26 0.29 0.02 0.10 041 0.31 0.32 0.57 0.25
Month (0.19,0.38) (0.25,0.33) (-0.08,0.12) (0.07,0.16) (0.36,047) (0.24,0.38) (0.23,043) (0.51,0.64) (0.14,0.36)
2-12 0.13 0.32 0.19 0.14 0.32 0.19 0.20 048 0.28
months (0.09,0.19) (0.27,037) (0.12,0.25) (0.08,0.22) (0.28,0.37) (0.11,0.26) (0.14,03)  (042,0.55) (0.18,0.37)

precise and crossing the null value. Past-week employ-  0.94). Additionally, not having private insurance relative
ment also showed lower odds of past-year heroin or to having private insurance had higher odds in NSDUH
IMF use compared to those who had no employment, (aOR 3.43, 95% CI 1.88, 6.26) and a weaker association in
with reduced precision for NSDUH (aOR 0.62, 95% CI NMURx (aOR 1.21, 95% CI 0.96, 1.54) with confidence
0.36, 1.08) compared to NMURx (aOR 0.76, 95% CI 0.61, interval crossing the null value.
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Age (Ref: 18-25)
26-34 —_——
35-49
50-64
65+
Gender (Ref: Male)
Female ——h
Race/Ethnicity (Ref: NonHisp White)
NonHisp. Black/Afr Am ——
NonHisp. Other [ ———
Hispanic ———
Income (Ref: < $50,000)
$50,000 - $74,999 ro—i
2$75,000 ——
Education (Ref: Less high school) —e— NSDUH
High school/GED ——y NMURX
Some college/assoc degree/trade ———i
College graduate
Marital Status (Ref: Married)
Widowed
Divorced or Separated ——y
Never Been Married
Employed (Ref: No)
Yes ——
Private Health Ins. (Ref: Yes)
No
Health Status (Ref: Fair/Poor)
Good ——
Very good ——
Excellent —_——
0.0 25 5.0 7.5 10.0

Adjusted Odds Ratio

Fig. 2 Association of past-year heroin or illicit fentanyl use with demographic, socioeconomic, and self-reported health factors

Age and marital status had divergent findings between
NSDUH and NMURx. In NSDUH, the 35-49 age group
had higher odds of past-year heroin or IMF use relative
to 18-25 age group (aOR 2.38, 95% CI 1.09, 5.19), with no
other differences by age group. In NMURX, the 18-25 age
group had the highest odds of past-year heroin or IMF
use, with significantly lower odds in other age groups
(ages 35-49, aOR 0.63, 95% CI 0.43, 0.92; ages 50—64,
aOR 0.25, 95% CI 0.16, 0.39; and ages 65 +aOR 0.04, 95%
CI 0.02, 0.08). Being never married was associated with
higher odds of past-year heroin or IMF use compared to
being married in NSDUH (aOR 2.78, 95% 1.29, 5.98), and
lower odds in NMURx (aOR 0.69, 95% CI 0.52, 0.91).

Association of past-year heroin or IMF use with substance
use, MOUD, and hospitalization

Both NSDUH and NMURx demonstrated similar pat-
terns in past-year use of stimulants, benzodiazepines,
and MOUD, showing higher odds of past-year heroin or

IMF use (Table 3). Not using cigarettes was associated
with a lower odds of past year heroin or IMF use in both
surveys. NSDUH found no significant association (aOR
0.94, 95% CI 0.41, 2.13) between hospitalization and her-
oin or IMF use, whereas NMURx showed higher odds
(aOR 1.90, 95% CI1 1.44, 2.51).

Discussion

We demonstrate that past year heroin or IMF use was
twice as prevalent in the NMURx (1.05%) survey com-
pared to NSDUH (0.52%) survey, which amounts to an
additional 1.3 million adults ages 18 + who used heroin or
IMF in the past year. NMURx and NSDUH have different
methodologies that potentially influence prevalence esti-
mates of heroin or IMF use. First, considering the popu-
lation characteristics, NMURx had a lower proportion
of respondents reporting paid work in the last week and
a higher proportion identifying as non-Hispanic White.
Both of these factors are associated with higher levels
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Table 3 Comparing associations of heroin or illicitly manufactured fentanyl (IMF) use with clinical characteristics between NSDUH and
NMUX in 2022. *Represents past year use. Stimulants were limited to cocaine and nonpharmaceutical amphetamines. Benzodiazepine
use includes nonmedical use of prescription or nonpharmaceutical benzodiazepines

NSDUH

Adjusted Odds Ratio (95% Cl)

NMURx
Adjusted Odds Ratio (95% Cl)

Cigarette Use (Ref.: Every day)

Some days 0.94 (0.45, 1.96) 1.19(0.94,1.51)

Not at all / Blank 0.19 (0.08, 0.44) 0.46 (0.36,0.58)
Cannabis Use (Ref: None)* 1(0.53,1.91) 1.19(0.93,1.51)
Heavy alcohol use (Ref: No) 1.08 (045, 2.6) 1.17 (0.8, 1.71)
Stimulant use (Ref: None)* 11.06 (6.22, 19.65) 27.52(21.14, 35.83)
Benzodiazepine use (Ref: None)* 6.17 (3.68, 10.36) 4.1 (3.09,5.44)
Medication for OUD use (Ref: None)* 22.06 (13.05,37.3) 943 (6.31,14.07)
Hospitalization in past year (Ref: None) 1.02(047,2.19) 1.89 (143, 2.49)

of heroin use in previous waves of the NSDUH [21] and
could account for the higher prevalence of heroin or IMF
use in NMURx. NSDUH is a household-based survey
whereas NMURXx respondents could include people who
are unhoused or living in a setting other than a house
(e.g., residential treatment center or other group living)
and have higher rates of substance use [22] which result
in higher rates of heroin or IMF use in NMURx. Also,
selection bias is potentially introduced through the opt-in
design of the NMURXx. Specifically, NMURx respondents
had higher levels of education which could influence
drug-related health literacy and awareness of IMF in the
opioid supply or contamination of non-opioid substances
with IMF. These characteristics potentially explain the
higher prevalence of heroin or IMF use in NMURXx rela-
tive to NSDUH.

Second, the question order and mode of data collec-
tion could influence respondents being more likely to dis-
close heroin or IMF use in NMURKX relative to NSDUH.
NMURx randomizes the order of questions to reduce
differential bias in responses whereas NSDUH asks the
questions in the same order questions. NSDUH IMF use
questions are near the end of the survey, which could
induce underreporting for IMF as respondents learn
that answering in the affirmative to using a substance
results in more questions [23]. NMURX respondents may
be more comfortable reporting substance use since the
survey is completely online and administered by a com-
mercial survey firm as opposed to the NSDUH where a
majority of respondents are completing the survey in the
presence of an employee that is contracted by a federal
government agency. Despite the NSDUH’s clear commit-
ment to respondents confidentiality, it is possible that the
distrust of the government and the increasing number of
states with fentanyl-related laws impact a respondent’s
willingness to disclose heroin or IMF use in a govern-
ment survey [24].

Improving the accuracy and responsiveness to change
in national substance use surveillance will require a

complimentary approach, integrating multiple data col-
lection systems. These may include national surveys,
such as NSDUH and NMURXx, toxicology testing results,
and death certificate data. In addition, novel methods
of collecting information such as wastewater sampling,
using capture, recapture methods, or applying correc-
tions to epidemiologic data potential methods to improve
national estimates [25-27]. Small changes to existing
systems, such as randomizing question blocks in the
NSDUH or considering a grouped question design to
reduce motivated underreporting [28], are now feasible
since respondents are completing the questionnaire on
a home device or in-person using computer adaptive
questions. Iterative cognitive testing of new questions
in NMURx and NSDUH would also support the content
validity and reliability of responses. By improving exist-
ing data collection systems, expanding the range of data
sources, and comparing results across systems, it is pos-
sible to provide more reliable population-level data on
substance use.

When comparing patterns of associations between
past-year heroin or IMF use and demographic and sub-
stance covariates across NMURx and NSDUH, there
was generally agreement in the direction of associa-
tion for most covariates. An exception was age where
NMURx showed that older respondents were less likely
to report past-year heroin or IMF, which was not repli-
cated in NSDUH. We hypothesize that younger respon-
dents might have been more likely to disclose heroin or
IMF use in NMURx compared to NSDUH or be more
sensitive to the order of the questions for the reasons
described above. Stimulant (cocaine and methamphet-
amine) use and benzodiazepine use were strongly asso-
ciated with past-year heroin or IMF use in both surveys,
which increase the risk of overdose, highlighting the
need for research on preventing, treating, and retaining
people who use multiple substances in treatment [29].
The difference in the association of past-year heroin or
IMF use and marital status between the surveys could
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be attributed to differences in social support systems
accessible to respondents in each survey, which is a pro-
tective factor against substance use [30] and not directly
assessed in the surveys.

The relative strengths and limitations of NSDUH and
NMURx described above highlight the importance of
integrating and triangulating data across multiple sources
to improve population-level estimates of heroin or IMF
use. For example, wastewater analysis generated esti-
mates of opioid consumption (mg/day/1000 persons)
and accurately predicted local overdose mortality [25].
Statistical methods, such as the Benchmark Multiplied
Method, can also correct for underreporting and was
applied to NSDUH and estimated the OUD prevalence
was 5 times higher than reported in 2019 [26]. The drug
supply is rapidly changing and national behavioral sur-
veys will continue to provide key information about the
most at-risk individuals but need to be able to rapidly
adapt questions to represent the current drug supply.

Our study should be interpreted in light of limitations
of making direct comparisons between the NSDUH and
NMURx. While we sought to harmonize NSDUH and
NMURKX items, there were differences in the wording of
items possibly interpreted differently by respondents.
Bootstrapping provided a practical solution for managing
differences between the survey designs and we acknowl-
edge that it does not fully harmonize the methodologies
and potentially introduces variability which lowers the
precision of our estimates. The surveys were both fielded
during 2022, yet the exact timing differed and there are
possible seasonal behavioral patterns, societal, and eco-
nomic events occurring around the time of collection
which could impact estimates. In addition, differences in
how survey data are processed, quality-controlled, and
weighted can introduce variability in the results. Finally,
while each survey is designed to represent the US popu-
lation, the generalizability of the estimates is limited by
their sampling frames, recruitment methodologies, and
design choices for measuring the drug use constructs.

Conclusions

The US is experiencing an overdose epidemic attributed
to high-potency synthetic opioids like IMF. NSDUH
included IMF use for the first time in 2022, with estimates
of IMF use that are likely underestimates of the true prev-
alence of heroin or IMF use in the US. The NMURXx sug-
gested the prevalence of past year heroin or IMF use is
twice as large as NSDUH estimates. Our findings suggest
that no single nationally representative behavior survey is
superior, rather integrating results from multiple national
surveys and additional data sources is imperative to pro-
vide accurate and data about current substance use.

Page 8 of 9

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513722-025-00539-0.

Supplementary Material 1

Supplementary Material 2

Author contributions

J.D.P conceptualized, designed, analyzed, interpreted results and drafted the
manuscript text and prepared all figures. K. M. R, J.CB.,, and RC.D. prepared
datasets, conceptualized, and interpreted results. K.L, PJ.C, and .A.B.
conceptualized, designed, and interpreted findings. All authors reviewed and
revised the manuscript.

Funding

Dr. Pytell received funding from the PARMA Foundation Faculty Starter Grant
and the National Institute on Drug Abuse of the National Institutes of Health
under Award Number K23DA060358. The content is solely the responsibility
of the authors and does not necessarily represent the official views of the
National Institutes of Health or the PARMA Foundation. Dr. LeMasters received
support from The Lifespan/Brown Criminal Justice Research Training Program
on Substance Use and HIV (R25DA037190). Drs. Pytell, Black, Dart, and
Rockhill had full access to the complete data in the study. All authors accept
responsibility for publication.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Competing interests

Jarratt Pytell received a Faculty Start Grant from the PARMA Foundation
supporting this work. The funders had no role in the acquisition of data,
study design, analysis, interpretation of results, or dissemination of the work.
Dr. Ingrid Binswanger reports royalties from UpToDate. Drs. Rockhill, Black,
and Dart are employees of Rocky Mountain Poison & Drug Safety (RMPDS), a
division of nonprofit Denver Health and Hospital Authority (DHHA), a political
subdivision of the State of Colorado. DHHA/RMPDS operates the NMURx
program. Outside of this work, RMPDS is supported by subscriptions from
pharmaceutical manufacturers, government, and non-government agencies
for surveillance, research and reporting services. No subscriber participated in
the conception, analysis, drafting, or review of this manuscript.

Author details

'Division of General Internal Medicine, University of Colorado School of
Medicine, Aurora, CO, USA

’Department of General Internal Medicine, Denver Health Hospital
Authority, Denver, CO, USA

3Institute for Health Research, Kaiser Permanente Colorado, Aurora, CO,
USA

“Department of Epidemiology, School of Public Health, University of
Colorado Medical Campus, Aurora, Colorado, USA

Rocky Mountain Poison and Drug Safety, Denver Health and Hospital
Authority, Denver, Colorado, USA

Department of Emergency Medicine, University of Colorado School of
Medicine, Aurora, CO, USA

’Chemical Dependency Treatment Services, Colorado Permanente
Medical Group, Denver, CO, USA

8Departmem of Health Systems Science, Kaiser Permanente Bernard J.
Tyson School of Medicine, Pasadena, CA, USA

“Department of Medicine, University of Colorado School of Medicine,
Mail Stop B180, 12631 E. 17th Ave, 80045 Aurora, CO, USA

Received: 2 August 2024 / Accepted: 24 January 2025
Published online: 11 February 2025


https://doi.org/10.1186/s13722-025-00539-0
https://doi.org/10.1186/s13722-025-00539-0

Pytell et al. Addiction Science & Clinical Practice

(2025) 20:13

References

1.

14.
15.

Substance Abuse and Mental Health Services Administration. SAMHSA
2023-2026 Data Strategy. Published online November 29, 2023. https://www.
samhsa.gov/sites/default/files/2023-2026-data-strategy.pdf

Johnson K, Jones C, Compton W, et al. Federal response to the Opioid Crisis.
Curr HIV/AIDS Rep. 2018;15(4):293-301. https://doi.org/10.1007/511904-018-0
398-8.

Center for Behavioral Health Statistics and Quality. 2022 National Survey on
Drug Use and Health (NSDUH): Methodological summary and Definitions. htt
ps://www.samhsa.gov/data/report/2022-methodological-summary-and-defi
nitions

Centers for Disease Control and Prevention (CDC). Vital Statistics Rapid
Release - Provisional Drug Overdose Data. March 3, 2024. Accessed April 16.
2021. https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
Substance Abuse and Mental Health Services Administration. Key Substance
Use and Mental Health Indicators in the United States: Results from the 2022
National Survey on Drug Use and Health. Center for Behavioral Health Sta-
tistics and Quality, Substance Abuse and Mental Health Services Administra-
tion. 2023. Accessed December 1, 2023. https://www.samhsa.gov/data/repor
t/2022-nsduh-annual-national-report

Palamar JJ, lllicitly Manufactured Fentanyl Use Among Individuals in the U.S,,
2022. American Journal of Preventive Medicine. 2024;67(2):285-290. https://d
oi.org/10.1016/j.amepre.2024.03.014

Drug Enforcement Administration. National Drug Threat Assessment 2024.
2024. Accessed June 25, 2024. https;//www.dea.gov/press-releases/2024/05/
09/dea-releases-2024-national-drug-threat-assessment

Millennium Health LLC. Millennium Health Signals Report: Keeping Current
Drug Use Trends on Your RADAR. Published online February 2022. Accessed
October 20, 2022. http://resource.millenniumhealth.com/signalsreportvol4
Black JC, Rockhill K, Forber A, et al. An online survey for Pharmacoepide-
miological Investigation (Survey of non-medical use of prescription drugs
program): Validation Study. J Med Internet Res. 2019;21(10):e15830. https://d
0i.0rg/10.2196/15830.

Dillman DA, Smyth JD, Christian LM. Internet, Phone, Mail, and Mixed-Mode
Surveys: The Tailored Design Method. 4th edition. Wiley; 2014.

Gfroerer J, Lane F. An overview of the National Household Survey on Drug
Abuse and related methodological research. Proceedings of the Survey
Research Section of the American Statistical Association, Joint Statistical
Meetings, Boston, Massachusetts. Published online August 9, 1992. http://ww
w.asasrms.org/Proceedings/papers/1992_075.pdf

National Institute on Alcohol Abuse and Alcoholism (NIAAA). Drinking Levels
Defined. 2016. Accessed May 27, 2021. https://www.niaaa.nih.gov/alcohol-he
alth/overview-alcohol-consumption/moderate-binge-drinking

Cremer LJ, Board A, Guy GP, Schieber L, Asher A, Parker EM. Trends in
pharmacy-based dispensing of buprenorphine, extended-release naltrexone,
and naloxone during the COVID-19 pandemic by age and sex- United States,
March 2019- December 2020. Drug Alcohol Depend. 2022;232:109192. https:
//doi.org/10.1016/j.drugalcdep.2021.109192.

Efron B, Tibshirani R. An introduction to the bootstrap. Chapman & Hall; 1993.
DiCiccio TJ, Efron B. Bootstrap confidence intervals. Statist Sci. 1996;11(3):189—
228. https://doi.org/10.1214/55/1032280214.

VanderWeele TJ, Mathur MB, SOME DESIRABLE PROPERTIES OF THE BONFER-
RONI CORRECTION:. IS THE BONFERRONI CORRECTION REALLY SO BAD? Am J
Epidemiol. 2019;188(3):617-8. https://doi.org/10.1093/aje/kwy250.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 9 of 9

Norton EC, Dowd BE. Log odds and the interpretation of Logit models. Health
Serv Res. 2018;53(2):859-78. https://doi.org/10.1111/1475-6773.12712.
Leeper T, margins. Marginal Effects for Model Objects. Published online 2021.
Therneau TM. A Package for Survival Analysis in R. Published online 2023. htt
ps://CRAN.R-project.org/package=survival

von EIm E, Altman DG, Egger M, et al. The strengthening the reporting of
Observational studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Ann Intern Med. 2007;147(8):573-7. https://d
0i.org/10.7326/0003-4819-147-8-200710160-00010.

Schuler MS, Schell TL, Wong EC. Racial/ethnic differences in prescription
opioid misuse and heroin use among a national sample, 1999-2018. Drug
Alcohol Depend. 2021;221:108588. https://doi.org/10.1016/j.drugalcdep.2021
.108588.

Doran KM, Rahai N, McCormack RP, et al. Substance use and homeless-

ness among emergency department patients. Drug Alcohol Depend.
2018;188:328-33. https://doi.org/10.1016/j.drugalcdep.2018.04.021.

Kreuter F, McCulloch S, Presser S, Tourangeau R. The effects of asking filter
questions in Interleafed Versus Grouped Format. Sociol Methods Res.
2011;40(1):88-104. https.//doi.org/10.1177/0049124110392342.

Hill T. To Combat Overdose Crisis, States Bring Tough New Laws to Fight
Against Fentanyl. National Conference of State Legislatures. August 11,2023,
Accessed June 14, 2024. https://www.ncsl.org/state-legislatures-news/details
/to-combat-overdose-crisis-states-bring-tough-new-laws-to-fight-against-fe
ntany!

Gushgari AJ, Venkatesan AK, Chen J, Steele JC, Halden RU. Long-term tracking
of opioid consumption in two United States cities using wastewater-based
epidemiology approach. Water Res. 2019;161:171-80. https://doi.org/10.1016
/j.watres.2019.06.003.

Mojtabai R. Estimating the prevalence of Substance Use disorders in the US
using the Benchmark Multiplier Method. JAMA Psychiatry. 2022;79(11):1074-
80. https://doi.org/10.1001/jamapsychiatry.2022.2756.

Barocas JA, White LF, Wang J, et al. Estimated prevalence of opioid Use Disor-
der in Massachusetts, 2011-2015: a capture-recapture analysis. Am J Public
Health. 2018;108(12):1675-81. https://doi.org/10.2105/AJPH.2018.304673.
Daikeler J, Bach RL, Silber H, Eckman S. Motivated misreporting in smart-
phone surveys. Social Sci Comput Rev. 2022,40(1):95-107. https://doi.org/10.
1177/0894439319900936.

(RFA-DA-25-043). Transformative research on the basic mechanisms of poly-
substance use in addiction (RO1 - clinical trial not allowed). Published online
February 20, 2024. Accessed June 24, 2024. https://grants.nih.gov/grants/qgui
de/rfa-files/RFA-DA-25-043.html

Rapier R, McKernan S, Stauffer CS. An inverse relationship between perceived
social support and substance use frequency in socially stigmatized popula-
tions. Addict Behav Rep. 2019;10:100188. https://doi.org/10.1016/j.abrep.201
9.100188.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.samhsa.gov/sites/default/files/2023-2026-data-strategy.pdf
https://www.samhsa.gov/sites/default/files/2023-2026-data-strategy.pdf
https://doi.org/10.1007/s11904-018-0398-8
https://doi.org/10.1007/s11904-018-0398-8
https://www.samhsa.gov/data/report/2022-methodological-summary-and-definitions
https://www.samhsa.gov/data/report/2022-methodological-summary-and-definitions
https://www.samhsa.gov/data/report/2022-methodological-summary-and-definitions
https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm
https://www.samhsa.gov/data/report/2022-nsduh-annual-national-report
https://www.samhsa.gov/data/report/2022-nsduh-annual-national-report
https://doi.org/10.1016/j.amepre.2024.03.014
https://doi.org/10.1016/j.amepre.2024.03.014
https://www.dea.gov/press-releases/2024/05/09/dea-releases-2024-national-drug-threat-assessment
https://www.dea.gov/press-releases/2024/05/09/dea-releases-2024-national-drug-threat-assessment
http://resource.millenniumhealth.com/signalsreportvol4
https://doi.org/10.2196/15830
https://doi.org/10.2196/15830
http://www.asasrms.org/Proceedings/papers/1992_075.pdf
http://www.asasrms.org/Proceedings/papers/1992_075.pdf
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
https://doi.org/10.1016/j.drugalcdep.2021.109192
https://doi.org/10.1016/j.drugalcdep.2021.109192
https://doi.org/10.1214/ss/1032280214
https://doi.org/10.1093/aje/kwy250
https://doi.org/10.1111/1475-6773.12712
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.7326/0003-4819-147-8-200710160-00010
https://doi.org/10.1016/j.drugalcdep.2021.108588
https://doi.org/10.1016/j.drugalcdep.2021.108588
https://doi.org/10.1016/j.drugalcdep.2018.04.021
https://doi.org/10.1177/0049124110392342
https://www.ncsl.org/state-legislatures-news/details/to-combat-overdose-crisis-states-bring-tough-new-laws-to-fight-against-fentanyl
https://www.ncsl.org/state-legislatures-news/details/to-combat-overdose-crisis-states-bring-tough-new-laws-to-fight-against-fentanyl
https://www.ncsl.org/state-legislatures-news/details/to-combat-overdose-crisis-states-bring-tough-new-laws-to-fight-against-fentanyl
https://doi.org/10.1016/j.watres.2019.06.003
https://doi.org/10.1016/j.watres.2019.06.003
https://doi.org/10.1001/jamapsychiatry.2022.2756
https://doi.org/10.2105/AJPH.2018.304673
https://doi.org/10.1177/0894439319900936
https://doi.org/10.1177/0894439319900936
https://grants.nih.gov/grants/guide/rfa-files/RFA-DA-25-043.html
https://grants.nih.gov/grants/guide/rfa-files/RFA-DA-25-043.html
https://doi.org/10.1016/j.abrep.2019.100188
https://doi.org/10.1016/j.abrep.2019.100188

	﻿Comparison of heroin and fentanyl use in US nationally representative surveys
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources
	﻿Heroin use, IMF use, and either heroin or IMF use
	﻿Respondents characteristics
	﻿Analysis

	﻿Results
	﻿NSDUH and NMURx populations
	﻿Past-year use of heroin, IMF, and either heroin or IMF
	﻿Most recent use of heroin, IMH, and either heroin or IMF
	﻿Association of past-year heroin or IMF use with demographic and socioeconomic factors
	﻿Association of past-year heroin or IMF use with substance use, MOUD, and hospitalization

	﻿Discussion
	﻿Conclusions
	﻿References


